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Removal of Lead from Wastewater Using Bagasse
Fly Ash—A Sugar Industry Waste Material

VINOD K. GUPTA,* DINESH MOHAN, and SAURABH SHARMA
DEPARTMENT OF CHEMISTRY

UNIVERSITY OF ROORKEE

ROORKEE - 247 667 (U.P.), INDIA

ABSTRACT

Bagasse fly ash, a waste generated in sugar industries in India, has been converted
into a low cost adsorbent and has been used for the removal of lead from aqueous
solutions in the 4.80 X 10™* to 4.83 X 10™3 M concentration range, Maximum
removal takes place at pH 3.0 using 10 g-L."? of the adsorbent of particle size 150-200
mesh. The effect of the presence of other metal ions, temperature, and contact time
has also been studied. Sorption data have been correlated with both Langmuir and
Freundlich adsorption models. The adsorbent has been satisfactorily..used for the
removal of Pb?* from the effluent of a metal-finishing plant.

Key Words. Lead; Wastewater treatment; Low cost adsorbent;
Adsorption; Bagasse fly ash; Metal ions; Solid waste utilization

INTRODUCTION

Safe and effective disposal of heavy metal-bearing wastewater is a difficult
task due, in part, to the fact that cost-effective treatment alternatives are not
available, especially in less-developed countries (1). Lead is ubiquitous in
the environment and is hazardous (2). As per the Indian Standard Institution
(ISI) specification, the tolerance limit for the discharge of lead into drinking
water is 0.05 mg-L™! (3) and in land surface waters is 0.1 mg.L™! (4). A

* To whom correspondence should be addressed.
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number of methods are available for the removal of metal ions from aqueous
solutions. These include ion exchange, solvent extraction, reverse osmosis,
precipitation, coprecipitation, and adsorption. The process of adsorption by
activated carbon and other adsorbents has long been a subject of study. Re-
search interests in recent years have grown into the production of low cost
alternatives to activated carbon which remains an expensive material. Efforts
made in this direction up to 1992 are reviewed by Pollard et al. (5). Other
reports include the use of coral sand (6), clays (7, 8), metal hydroxides (2),
chelating resins (9), crown ethers (10, 11), metal oxides (12, 13), zeolites
(14, 15), etc.

The sugar industry is one of the most important agricultural-based indus-
tries in India. Bagasse fly ash, a waste generated from this industry, causes
a disposal problem. Currently this is being used as a filler in building materi-
als, and no proper methodology of treatment or application of this waste has
been worked out. Our earlier efforts to use wastes of some prime industries
for the removal of metals and other toxic substances have been very successful
(16-22). Continuing our efforts, we have developed an adsorbent from ba-
gasse fly ash and tried it for the removal of lead from aqueous solutions. The
results are described in this communication.

MATERIALS AND METHODS

All reagents used were of AR grade. A stock solution (1.0 X 1072 M) of
the test sorbate was made by dissolving reagent-grade Pb(NO;), in double
distilled water. The ionic strength was kept constant using different amounts
of NaNO; after accounting for the ionic concentration due to HCl and NaOH
used for adjusting the pH.

Equipments

pH measurements were made on a pH meter (Model CT No. CL46, Toshni-
wal, India). Atomic absorption spectra were recorded on an atomic
absorption/emission spectrophotometer (Model 3100 Perkin-Elmer). Scan-
ning electron microscopy was performed using a Phillips SEM 501 electron
microscope.

Material Development

The waste material was obtained from a local sugar industry at Bijnor
(U.P.). This material was treated with excess hydrogen peroxide (100 volume)
at 60°C for 24 hours until the evolution of bubbles stopped. This indicated
the complete oxidation of adhering organic matter. The resulting product was
then washed with distilled water and dried at 100°C for 24 hours and sieved
before use to obtain particles of uniform mesh size (100-150, 150-200, and
200-250 BSS mesh). Finally, the product was stored in a vacuum desiccator.
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Determination of Lead

Pb%* was determined by AAS at 283.30 nm using an air-acetylene flame
(light source: hollow cathode). For this purpose, Pb(NOs), solutions of var-
ious concentrations (1.0 X 1073 to 1.0 X 10~2 M) were prepared and their
absorbance recorded by AAS. A calibration plot was drawn, from which the
concentration of the test solution was calculated.

Sorption Studies

Sorption studies were performed by the batch technique to obtain the rate
and equilibrium data. A series of 50 mL test tubes filled with 10 mL of lead
solution of varying concentrations maintained at pH 3.0 and at constant ionic
strength were placed in a thermostat cum shaking assembly. At the desired
temperature a known amount of adsorbent (0.1 g; particle size 150-200 mesh)
was added into each tube and agitated intermittently. Preliminary investiga-
tions showed that equilibrium uptake was attained in 6-8 hours with practi-
cally no change observed up to a period of 24 hours. All adsorption experi-
ments were, however, run after equilibrating 10 mL of adsorbate solution for
24 hours to ensure complete uptake. After this period the supernatant solution
was centrifuged and the amount of uptake of lead was determined. The initial
sorbate concentration ranged from 4.80 X 10™*to 4.83 X 1073 M. Sorption
studies were carried out at 30, 40, and 50°C to assess the effect of temperature.
To obtain the adsorption vs time data, solutions of the specified tubes (at a
fixed [Pb**] = 4.80 X 10™* M) were separated at different times from the
sorbent material and analyzed for lead content. The effect of pH was studied
over a pH range of 2-6 by adjusting the pH with dilute HCl and NaOH. The
influence of an anionic surfactant, Manoxol-IB [sodium di(2-ethylhexyl)sul-
fosuccinate], on the sorption of lead was studied at the optimum pH (3.0) as
a function of the concentration of surfactant. Stoppered glass tubes containing
adsorbate solution along with the detergent and fixed amount of adsorbent
(10 g'L™') were equilibrated for 24 hours. The supernatant was centrifuged
and analyzed for aqueous metal. '

A similar procedure was adopted to study the interferences caused by the
presence of other metal jons.

RESULTS AND DISCUSSION

The waste material obtained from the sugar industry was found to be stable
in water, electrolytes, acids, and bases. One gram of the adsorbent was stirred
with 100 mL of deionized water (pH 6.8) for 2 hours and left for 24 hours
in an air-tight stoppered conical flask. A lowering of the pH (6.4) was ob-
served and, therefore, according to Steenberg’s classification (23), the mate-
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TABLE 1
Chemical Constituents and Other Characteristics
of Bagasse Fly Ash

Percentage by weight

Constituents:

Si0, 61.44
AlLO, 14.5
Ca0 ) 2.82
F6203 4.86
MgO 0.71
Other characteristics:
Loss on ignition 17.12%
Porosity 0.36 (fraction)
Surface area 440 m*g~!

rial may be treated as an ‘‘L’’ type in nature. Chemical composition and
characteristics of the material (18, 19) are presented in Table 1, and d-spacing
values (x-ray diffraction) which reflect the presence of different minerals are
given in Table 2. The surface area as determined by malachite green adsorp-
tion isotherm (18) was 440 m?>g~'. A SEM photogiaph of the bagasse fly
ash (Fig. 1) clearly reveals the porous nature of the product. The material
was so fragile that it could be easily crushed by hand.

The effect of pH on the uptake of lead (Fig. 2) shows that the percentage
adsorption increases with pH to attain a maximum at pH 3.0 and thereafter
it decreases with any further increase in pH. A similar behavior has been
reported by Sen and De (24) for Hg(II) adsorption on fly ash. Therefore, all

TABLE 2
d-Spacing Values Obtained from
X-ray Diffraction of Bagasse Fly Ash

d (A) Probable minerals®
4.690 Goethite

3.740 Mullite

2.730 Hematite

2528 Kaolinite

2.234 a-Quartz

2012 v-Alumina

1.496 Hematite

1.315 Hematite

¢ Adopted from References 18 and 19.
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FIG. 1 SEM photograph of bagasse fly ash at 320X,
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FIG. 2 Effect of pH on the adsorption of Pb?* on bagasse fly ash,
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TABLE 3
Effect of Initial Concentration and Temperature
on Pb(IT) Adsorption

% Adsorption

Pb(IT) concentration

™) 30°C 40°C  50°C
4.80 x 10~* 100 87.3 50.0
241 x 1073 871  59.1 51.0
3.86 x 1073 634 393 34.0
4.83 x 1073 532 320 213

the studies were made at pH 3.0. The pH of the solutions was monitored
before and after adsorption, and no noticeable change was observed.
Adsorption decreased with a rise in temperature, indicating the process is
exothermic in nature (Table 3). The sorption data were fitted to Freundlich
and Langmuir adsorption isotherms (Figs. 3 and 4), and the values of

1.6

1.2}

)

S [Adsorbatel=4.8x10"*M
>0 [Adsorbent]=10gL~"
by Particle size=150-200mesh
2 r
0.4+ [ Temn(*0)
O 30
- A 40
o 50
0.0 1 | | ]
0.0 0.% 0.8 1.2
logCex10%

FIG. 3 Freundlich adsorption isotherms of Pb?* at various temperatures on bagasse fly ash.
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FIG.4 Langmuir adsorption isotherms of Pb?* at various temperatures on bagasse fly ash.
Y p b4

Freundlich and Langmuir constants are given in Table 4. The adsorption
capacity, Ky, decreases as the temperature of the system increases. Besides,
the Q° values obtained theoretically are larger than the experimentally ob-
served ones (Table 4).

The essential characteristics of a Langmuir isotherm can be expressed in
terms of a dimensionless constant separation factor, Ry, which describes the
type of isotherm (25, 26) and is defined by

1

k=170 M

where b is the Langmuir constant and Cj is the initial concentration of Pb(II).
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TABLE 4
Freundlich and Langmuir Constants

Langmuir constants
Freundlich constants [q _ Q°bC]
[

lg. = KC'"] S Ltk
Temperature
(o) Ke Slope 1/n Q° X 10° (m-g™h) b X 10° (L-mol™!)
30 13.77 1.07 2.73 (2.60)* 3.51
40 11.75 021 1.54 (1.51)* 2.67
50 9.66 0.07 1.38 (1.30)* 0.63

¢ Experimentally observed values.

The values of Ry calculated were between 0 and 1, indicating favorable ad-
sorption of Pb?* on bagasse fly ash at all the temperatures studied. The thermo-
dynamic parameters calculated using Langmuir isotherms are given in Table
5. The negative free energy (A G°) values further indicate the feasibility of
the process. The negative enthalpy change (AH®) reflects the exothermic
nature of the process while the negative emropy (AS °) value suggests the
probability of favorable adsorption.

The competitive adsorption of Pb?* was studied in the presence of several
metal ions and an anionic detergent (Manoxol-IB) (which are the major con-
taminants in natural water) at the optimum pH of uptake of the primary metal
ion (Fig. 5). The effect of ionic interaction has been interpreted using the
ratio of adsorption capacity of the ion in a single component system (go) to
that in a multicomponent system (q,,) (27). The presence of interfering metal
ions would reduce the uptake (gn/qo < 1) of Pb?* (Table 6). Similarly, a
decrease in the scavenging efficiency (gm/gp < 1) of the adsorbent in the
presence of an anionic detergent takes place. These findings suggest a nonse-
lective utility of the adsorbent for the uptake of Pb?* in the presence of various
other ingredients.

TABLE 5
Thermodynamic Parameters for the Uptake of Pb?* on Bagasse Fly Ash
-AG° (KImol™!)
—-AH°
30°C 40°C (kJ-mol™1) —AS° (K™ mol™!)

26.36 = 0.50 26.52 + 0.50 70.76 £ 1.0 145.80 = 2.0




11: 23 25 January 2011

Downl oaded At:

REMOVAL OF LEAD FROM WASTEWATER 1339

2.8
- A Na*
2.4 o zr” -0
. Y ng' —0’”
. ok O/’
X Manoxol 1B g
o 29 ys
e /
P 0N 7/
T
[
g 16— /
© y/
E L
3
£ [Adsorbentl=10gL~!
B Temp.=30°C
-4:‘ ™ Particle.size=150~200mesh
3
2 o8~
-
n
0.4}—
0.0 1 | T I T | ' |
0.0 0.8 16 24 3.2 %0
tAdsorbated x10°M

FIG. 5 Competitive adsorption of Pb?* in the absence (- - -) and in the presence (——) of
interfering metal ions and surfactant.

Preliminary investigations on the removal of Pb?* with time on bagasse
fly ash (at optimum pH 3.0) indicated the process to be quite rapid. Typically,
50-65% of the sorption capacity is realized within the first hour of contact.
The initial rapid adsorption gives way to a very slow approach to equilibrium
(reached in 68 hours). It is pertinent to mention that the pH of the solution
does not change during the adsorption process. The effect of particle size and
the concentration of adsorbent and adsorbate were also studied and the data
are presented in Table 7. It is seen that 10 g-L~! of the adsorbent (particle
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TABLE 6

Effect of Interfering Metal Ions on the Uptake of Pb?* by Bagasse Fly Ash
Interfering metal ions/anionic Percent reduction in the uptake of Pb(II)
surfactant [Pb?*] = 4.80 X 107*M

Na* 1.80

K* 9.00

Zn* 9.60

Hg** 11.41

Manoxol-1B 14.20

size 150-200 mesh) gave the maximum removal. Pb?* is 100% removed at
lower concentrations and about 50-70% at higher concentrations.

Kinetic data have been treated by Eq. (2) [given by Boyd et al. (28)] which
is valid under the experimental conditions employed. This is in accordance with
the observations of Reichenberg (29) and has also been used earlier (16, 17).

6 1 s
F=1- p ,21 7 exp[ —n°Br] 2)
where B = w2D;/r3, F is the fractional attainment of equlibrium at time 1,
D; is the effective diffusion coefficient of the ion, ry is the radius of the
adsorbent particle, and n is an integer. F is given by

F = 0/Qa 3)
where O, and Q. are the amounts adsorbed after time ¢ and infinite time (at
equilibrium), respectively.

TABLE 7
Effect of Particle Size, Adsorbent Concentration, and Adsorbate Concentration on the
Removal of Pb%*: Temperature 30 % 1°C, pH 3.0

Metal ion concentration Amount of adsorbent Particle size Amount adsorbed
o) (gL (BSS mesh) M)

480 X 107* 5 150-200 2.30 x 1074
4.80 x 10~* 10 150-200 4.80 x 10~¢
4.80 X 10~*% 20 150-200 4.80 X 1074
4.80 x 10~ 10 100-150 3.50 x 1074
4.80 X 1074 10 200-250 470 x 10~*
9.60 x 10-% 10 150-200 9.60 x 1074
144 X 1073 . 10 150-200 143 X 1073
2.89 x 1073 10 150-200 2.20 x 1073

3.86 X 1073 10 150-200 245 x 1073
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Amount of adsorbent=10gL"’
4|— | Particle size=150-200mesh
Temp=30°C

Bt

Conc.of adsorbate(M)
1 0O 2.41x107°
O 3.86x107°
A 4.83x1073
0 | l ]
0 2 4 6 8-

Time (h)

FIG. 6 Bt vs time plots at various adsorbate concentrations.

For every observed value of F, corresponding Bt values as derived from
Eq. (3) are obtained from Reichenberg’s (29) table.

The linearity test of Bt versus ¢ plots (Fig. 6) are employed to distinguish
between film and particle diffusion-controlled mechanisms. At lower concen-
trations (=2.41 X 1073 M) the linear Bt versus time plot does not pass
through the origin, signifying the adsorption to be film diffusion, while at
higher concentrations (=2.41 X 1073 M) the plot has a break, dividing it
into two linear parts with different slopes, thereby indicating a change in
mechanism at this concentration. The initial portion passes through the origin,
reflecting that particle diffusion is the rate-limiting step, whereas in the later
course of the process the D; changes and the line does not pass through the
origin. At this stage the process may not be purely particle diffusion con-
trolled, and electrokinetic interaction and molecular diffusion may also be
effective (30). Besides this, the decrease in diffusion with an increase in metal
ion concentration also reflects that less surface is accessible for the sorbate
in the internal sorbent layers. These findings were substantiated further by
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drawing McKay plots (21) at different adsorbate concentrations (plots not
given). The effective diffusion coefficient (D;) values at 30, 40, and 50°C
are 4.80 X 10719,2.96 X 1071°, and 2.90 X 10~ !° cm?s~!, respectively.
Diffusion coefficient values follow the same order in which Pb?* is adsorbed
on the developed adsorbent.

COST ESTIMATION

In India, the cheapest variety of commercially available carbon costs
~US$285 ton~!. Waste bagasse fly ash is available for US$2 ton™!, and
considering the cost of transport, chemicals, electrical energy, etc. used in the
process, the finished product would cost ~US$12 ton™. Hence, the developed
adsorbent would be a good replacement for commercially available carbons
based on its low cost and good efficiency.

TREATMENT OF EFFLUENT

Experiments with actual wastewater from a metal-finishing plant provided
some fruitful results. The characteristics of the wastewater were pH 3.7, total
solids = 5320 mg-L~!, COD = 721 mg-L™!, chloride = 173 mg-L™!, Cu
= 10.0 mg-L ™}, sulfate = 180 mg-L~!,and Pb = 17.0mg-L™". A typical run
was carried out using bagasse fly ash. Increasing the adsorbent concentration
enhanced the removal of Pb(Il) from wastewater. Almost complete removal
of Pb(IT) from 50 mL of wastewater at pH 3.2 was possible with 4.0 g-LL. ™!
of the adsorbent.

CONCLUSIONS

Bagasse fly ash is an effective and low cost adsorbent for the removal of
Pb?* from aqueous solutions and wastewater. The removal of Pb%* by this
adsorbent is an exothermic process and takes place via film diffusion mecha-
nism at lower concentrations (=2.41 X 1073 M) and through particle diffu-
sion at higher concentrations (=2.41 X 103 M). The process follows both
Freundlich and Langmuir adsorption models.

ACKNOWLEDGMENT

S.S. is thankful to the Council of Scientific and Industrial Research (CSIR),
New Delhi, for providing financial assistance.

REFERENCES

1. C. H. Weng and C. P. Huang, J. Environ. Eng. ASCE, 120, 1470~1487 (1994).
2. C. Namasivayam and K. Ranganathan, Ind. Eng. Chem. Res., 34, 869-873 (1995).



11: 23 25 January 2011

Downl oaded At:

REMOVAL OF LEAD FROM WASTEWATER 1343

3.

17.
18.
19.

20.
21,

22,
23.

24,
25.
26.
27.
28.
29.
30.

LS. Tolerance limits for industrial effluents prescribed by Indian Standards Institution,
1A:2490 (Part 11, 1982), [Address: Bureau of Indian Standards; Manak Bhawan, 9 Bahadur
Shah Zafar Marg, New Delhi, 110 002, India].

ISI Drinking Water Specification, 1991, 15:10500.

S. I. T. Pollard, G. D. Fowler, C. J. Sollars, and R. Perry, “‘Low Cost Adsorbents for
Waste and Wastewater Treatment: A Review,'’ Sci. Total Environ., 116, 31-52 (1992).
Y. Suzuki and Y. Takeuchi, J. Chem. Eng. Jpn., 27, 165-170 (1994).

N. L. Dias Filho, W. L. Polito, and Y. Gushikem, Talanta, 42, 1031-1036 (1995).

W. R. Roy, 1. G. Karpac, and J. D. Steel, J. Environ. Qual., 22, 535 (1993).

K. Dev and G. N. Rao, Analyst, 120, 2509-2512 (1995).

S. K. Srivastava, V. K. Gupta, M. K. Dwivedi, and S. Jain, Indian J. Chem., 334,
1042-1045 (1995).

M. 1. Sway and A. S. Ambushamleh, J. Chem. Soc., Faraday Trans., 91, 1607-1610
(1995).

A. Suzuki, H. Seki, and H. Maruyama, J. Chem. Eng. Jpn., 27, 505-511 (1994).

M. M. Benzamin, R. S. Stetten, R. P. Bailey, and T. Bennet, Water Res., 30, 2609-2620
(1996).

S. Kesraoul-Quke, C. Cheeseman, and R. Perry, Environ. Sci. Technol., 27, 1108-1116
(1993).

A. Groffman, S. Peterson, and D. Brookins, Water Environ. Technol., 5, 54 (1992).

S. K. Srivastava, V. K. Gupta, and D. Mohan, Environ. Modeling Assess., 1, 281-290
(1996).

S. K. Srivastava, V. K. Gupta, and D. Mohan, J. Environ. Eng. ASCE, 123, 461-468
(1997). : :

S. K. Srivastava, V. K. Gupta, N. Johri, and D. Mohan, Indian J. Chem. Technol., 2,
333-336 (1995).

S. K. Srivastava, V. K. Gupta, I. S. Yadav, and D. Mohan, Fresenius’ Environ. Bull., 4,
550-557 (1995).

S. K. Srivastava, V. K. Gupta, D. Mohan, and N. Pant, /bid., 2, 394-401 (1993).

V. K. Gupta, S. K. Srivastava, and D. Mohan, Ind. Eng. Chem. Res., 36, 2207-2218
(1997).

V. K. Gupta, A. Rastogi, M. K. Dwivedi, and D. Mohan, Sep. Sci. Technol., 32(17),
2883-2912 (1997). .

J. S. Mattson and H. B. Mark, Activated Carbon Surface Chemistry and Adsorption from
Aqueous Solution, Dekker, New York, NY, 1971.

A. K. Sen and A. K. De, Water Res., 21, 885-888 (1987).

T. W. Weber and R. K. Chakraborti, AIChE J., 20, 228-238 (1974).

G. McKay, H. S. Blair, and J. R. Gardner, J. Appl. Polym. Sci., 27, 3043-3057 (1982).
T. C. Tan, C. K. Chia, and C. K. Teo, Water Res., 19, 157-162 (1985).

G.E.Boyd. A. W. Adamson, and L. S. Meyers, J. Am. Chem. Soc., 69, 2836-2848 (1947).
D. Reichenberg, Ibid., 75, 589-597 (1953).

F. Helfferich, Ion-Exchange, McGraw-Hill, New York, NY, 1962.

Received by editor May 21, 1997
First revision received August 1997
Second revision received September 1997



