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Abstract

Pollution of soil and water by hazardous chemicals excreted from industries has become serious environmental concern. From
the environmental and aesthetic point of view, removal of pollutants from effluent is extremely essential. Due to the organic
loads, the treatment of removal efficiency is rather challenging by conventional methods. Therefore, adsorption process is
found to be the most efficient method. Numerous approaches have been studied for the development of low—cost adsorbents.
Zeolite is found to be the most effective and economical adsorbent. In the present study, zeolite with specific surface area of
2762.47cm*/gm was used for removal of biochemical oxygen demand from the combined waste water of sugar industry. The
combined waste water of sugar industry is treated with different doses (i.e. 5 gm/L, 10 gm/L, 40 gm/L, 80 gm/L, 120 gm/L,
160 gm/L, 200 gm/L) of zeolite. With increase in dosage of zeolite, considerable decrease in biochemical oxygen demand was

observed.
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1. Introduction

Numerous studies have been conducted for the treatment of
wastewater using granular activated carbons [1-2], adsorbent
[3—4], Fenton’s reagent [5], wet oxidation [6], coagulation—
electro oxidation [7] and advanced oxidation with biological
oxidation [8]. Application of adsorbents based on zeolite has
certain advantages over conventional methods applied for the
industrial wastewater treatment. Natural zeolite is highly
porous material. It has a natural negative charge which gives
it the capacity to adsorb cations. Zeolites have great potential
as effective adsorbents in numerous processes of purification
of drinking water and wastewater, such as water softening,
removal of phosphate [9—-12], the removal of ammonia [9,
11-12], the removal of nitrogen [9, 11-13], the removal of
dissolved organic matter [9, 13—-16] and color [9, 17], the
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removal of heavy metals from industrial wastewater [9, 18—
19], the removal of radioactive substances from wastewater
[9], desalination seawater [9] and many others.

Langmuir and Freundlich adsorption isotherms were well
explained onto natural materials [20-21]. In the present study,
we have chosen the southern part of Gujarat state of India,
were maximum sugar industries were located. We have
collected various samples from the combined waste water of
sugar industries. It was aimed to carry out the experiments to
remove COD and BOD from the waste water of sugar
industry using zeolite with specific surface area and particle
size. We have emphasizing on temperature parameter and its
effect on adsorption capacity. The change in temperature
changes the equilibrium capacity of the adsorbent for a
particular adsorbate. Then the combined waste water of sugar
industry is treated with different doses (i.e. 5 gm/L, 10 gm/L,
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40 gm/L, 80 gm/L, 120 gm/L, 160 gm/L, 200 gm/L) of
zeolite. With increase in dosage of zeolite, considerable
decrease in biochemical oxygen demand was observed. The
adsorption capacity of zeolite was higher then other
adsorbents. The results show that, as the adsorbent
concentration increases, the amount adsorbed per unit mass
(adsorption capacity q.) of the adsorbent decreases
considerably. The decrease in unit adsorption with increase in
the dose of adsorbent is basically due to adsorption sites
remaining unsaturated during the adsorption reaction. It can
be suggested that adsorption capacity of zeolite is higher than
other natural materials. The correlation coefficient values of
Freundlich isotherm plots were found higher than that of
Langmuir isotherm plot. So, Freundlich isotherm is more
fitted than Langmuir isotherm, confirming multilayer and
heterogeneous surface of adsorbent.

2. Experimental

Zeolite is natural alumino-silicates.

Zeolite was purchased from Fisher Sci. Comp. USA. Specific
surface area of zeolite used is 2762.47cm”/gm. The combined
waste water of sugar industry is treated with different doses
(i.e. 5 gm/L, 10 gm/L, 40 gm/L, 80 gm/L, 120 gm/L, 160
gm/L, 200 gm/L) of zeolite, stirred well and kept in contact
for 24 hours at 25°C temperature then filtered. The glass
bottle for sample collection should be thoroughly cleaned by
rinsing with 8.0 M HNO; followed by repeated washing with
deionized distilled water. They should be rinsed thrice with
the sample water before collection. Samples were stored at
temperature below 3°C to avoid any change in the
physicochemical characteristics. The parameters like pH,
conductance, alkalinity, COD, BOD, hardness and chloride
were measured as per the standard method [22-23]. The pH
and electrical conductivity of the samples were measured on
the site and the other parameters were analyzed in the
laboratory according to the Standard methods for the
examination of water and waste water by American Public
Health Association, Washington.

3. Results and Discussion

The process parameters like adsorbent dosage, temperature,
contact duration, agitator speed are used for color removal, in
which total color removal was attained using parameter of
temperature. The equilibrium data have been analyzed using
Langmuir and Freundlich isotherms, in which Langmuir
isotherm is more fitted than Freundlich isotherm, derived
from correlation coefficients. This study was carried out in
two steps. The first step consisted of the characterization of

the combined wastewater samples which is collected from
the sugar industries of Bardoli (Gujarat). Samples were
collected in sampling bottles and placed in icebox to preserve
for analysis. The analyzed parameters were the pH,
conductance, alkalinity, COD, BOD, hardness and chloride
as per standard method [22]. In the second step
physicochemical treatments like adsorption with zeolite
applied to combined wastewater in order to reduce COD and
BOD. The results for each dose are presented in Table 1, 2
and figure 1, 2.

Table 1 represents the effect of different dosages of Zeolite
on various physico-chemical characteristics of combined
waste water of Sugar Industry. The pH and alkalinity of the
waste water remain unaffected at all dosages. The chloride
content increases rapidly with increasing amount of Zeolite
ie. from 112.465mg/L (initial) to 337.346 mg/L. The
conductance increases from 1.659 m mho to 2.95 m mho.
Hardness increases upto some extent and then decreases with
increasing amount of adsorbent. The COD content is found to
be 1529.01 mg/L at initial stage and removed upto 1121.27
mg/L at 120gm/L of Zeolite dose and no further removal is
found up to 200 gm/L. The initial BOD value is 910 mg/L
which is slowly decreases to 630mg/L with 160gm/L of
Zeolite and then remain unaffected for higher dose.

Data of Table 1 can be explained as the pH and alkalinity
remain unaffected at all dosages. The chloride content
increases rapidly with increasing dose; this may be due to the
presence of some soluble salts having chloride in Zeolite.
The increasing conductance suggests the introduction of
ionic species in the system. Hardness increases up to some
extent and then decreases with increasing amount of
adsorbent, this can be explained considering the ion-
exchange capacity of Zeolite. Zeolites are more effective for
the removal of all kind of contaminants from the water and
waste water than the other alumino-silicates as they have a
typical feature of opening of their structure and their ion
exchange character. The removal of COD and BOD can be
explained on the basis of adsorption phenomena.

Adsorbent: Zeolite; Room temperature: 26+1 C; Specific
Surface Area: 2762.47 cm”/gm; Contact duration: 24 hours.

Table 2 represents the data for Freundlich and Langmuir
adsorption isotherms along with percent removal of BOD
contributing components from Sugar Industry waste water. A
considerable decrease in BOD content per gram of adsorbent
with increasing concentration of adsorbent was observed.
The removal of BOD contributing components is found to
decrease from 28 mg/gm to 1.40 mg/gm with increasing
amount of Zeolite from 5gm/L to 200gm/L. The percent
removal of BOD increases up to 30.77%.
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Table 1. The effect of different dosages of Zeolite on various physico-chemical characteristic of the combined Waste Water Sugar Industry.
Parameter Untreated 5 gm/L 10 gm/L 40 gm/L 80 gm/L 120 gm/L 160 gm/L 200 gm/L
pH 6.61 8.17 8.17 8.17 8.17 8.17 8.17 8.17
Conductance (m mho) 1.659 2.21 2.21 2.21 2.21 245 2.70 2.95
COD (mg/L) 1529.01 1461.05 1427.07 1291.16 1189.23 1121.27 1121.27 1121.27
BOD (mg/L) 910 770 744 713 682 669.6 630 630
Alkalinity (mg/L) 975 975 975 975 975 975 975 975
Hardness (mg/L) 800 925 925 925 825 775 775 775
Chloride (mg/L) 112.465 124.961 137.457 187.442 199.938 237.426 274.936 337.395

Table 2. Freundlich and Langmuir adsorption isotherm parameters for BOD contributing components and percent removal of BOD from sugar industry waste
water onto Zeolite.

Removal

No id(:),:.l/)i;lt cone lé:fn?gl,cL) X =Cy-Ceq E‘:ng;‘g/ $) f,j:m"va' logC,,  logx/m 1/Cqx10° 1/qex10?
(mg/L)

1 0 910 2.9590 1.0989

2 5 770 140 28 15.38 2.8864 1.4471 12987 3.5714
3 10 744 166 16.6 18.24 2.8716 12201 13441 6.0241
4 40 713 197 4.925 21.64 2.8531 0.6924 1.4025 20.3045
5 80 682 228 2.85 25.05 2.8338 0.4548 1.4662 35.0877
6 120 669.6 240.4 2.003 26.42 2.8258 0.3017 1.4934 49.9251
7 160 630 280 1.75 30.77 27993 0.2430 1.5873 57.1428
8 200 630 280 1.40 30.77 2.7993 0.1461 15873 71.4285

Adsorbent: Zeolite; Room temperature: 26+1°C; Specific
Surface Area: 2762.47 Cm?/ gm; Contact duration: 24 Hours.

The logarithmic values of equilibrium concentration (C.q)
and removal per unit weight (x/m) were given in table which
were used for the explanation of Freundlich adsorption
isotherm model and plot whereas the inverse values needed
for Langmuir isotherm model.

Table 2 represents the data for Freundlich and Langmuir
adsorption isotherms along with percent removal for BOD
onto Zeolite. This information is used to prove the adsorption
isotherm model and from that the Adsorption intensity,

Adsorption energy and Adsorption capacity can be calculated.

The percent removal of BOD seems to be increased with
increase in dose of adsorbent. The logarithmic and inverse
values of Cq and x/m are used for plot of isotherm.

The logarithmic value of equilibrium concentration and
removal per unit weight gives the linear plot for BOD by
Zeolite confirms the applicability of Freundlich adsorption
isotherm. It is the most widely used mathematical description
of adsorption in aqueous systems. The equation is an
empirical expression that covers the heterogeneity of the
surface and exponential distribution of sites and their
energies. With the purpose of linearization the equation is
represented in logarithmic form as

log x/m =log K + 1/nlog C¢q

The plot of log C,q versus log x/m gives straight line with a
slope of 1/n and log K is the intercept of log x/m at log C.,=
0 which indicates that Freundlich adsorption isotherm model
is applicable.

The same table shows the Langmuir adsorption isotherm for
BOD by Zeolite. Langmuir isotherm is a plot of the amount
of impurity adsorbed by Zeolite against the amount of
impurity that remains in solution. It is a preliminary test to
check the efficiency of particular material.

This mode of action can be explained on the basis of
Langmuir’s model, i.e. ‘Ideal localized monolayer model’
according to which:

1. The molecules are adsorbed at definite sites on the surface
of the adsorbent.

2. Each site
(monolayer).

can accommodate only one molecule

3. The area of each site is a fixed quantity determine solely
by the geometry of the surface.

4. The adsorption energy is the same at all the sites.

Such behavior on the basis of kinetic consideration,
presuming that the adsorbed molecules cannot migrate across
the surface interacts with other neighboring molecules can be
mathematically expressed as under:

1/9e = 1/6¢b x 1/Ceq + 1/6,
Where,

de = amount of solute adsorbed per unit weight of
adsorbent(mg/gm)

= X/m ie. x is amount of adsorbate adsorbed (mg/L)
m=weight of adsorbent (gm/L)

Ceq = equilibrium concentration of the solute (mg/L)
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O = Langmuir constant related to adsorption capacity
(mg/gm)
b = Langmuir constant related to adsorption energy (L/mg)

Figure 1 represents the plot of log C.q Vs log x/m (BOD) for
zeolite. The straight line nature of the plot corresponds to
slope 1/n and intercept K. 1/n is related to adsorption
intensity whose value is 4.7642 for COD while intercept K
on Y-axis related to adsorption capacity is found to be 0.068

Plot of log C.q versus log x/m is a straight line in nature,
presented in figure 1 suggests the applicability of this
isotherm and indicate monolayer coverage of the adsorbate
on the outer surface of the adsorbent. The steep slope
indicates high adsorptive intensity at high equilibrium
concentration that rapidly diminished at lower equilibrium
concentration covered by the isotherm. As Freundlich
equation indicates the adsorptive capacity x/m is a function
of the equilibrium concentration of the solute. Therefore,
higher capacity is obtained at higher
concentrations.

equilibrium

log x'm

279 281 283 285 287 289 291
log Ceq

Figure 1. Freundlich adsorption isotherm for BOD contributing component
onto Zeolite.
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Figure 2. Langmuir adsorption isotherm for BOD contributing component
on to Zeolite.

Fig. 2 represents the plot of Langmuir parameters viz, 1/C¢q X
10° and 1/q. x 10°. The nature of the curve for BOD onto
zeolite from sugar industry is linear however the intercept on
X-axis related to adsorption energy (L/mg) i.e. b x 10%is 1.31
L/mg for BOD exerting components. These values can be

used to calculate the adsorption capacity O, i.e 39.048
(mg/gm).

The plot of Langmuir adsorption isotherm for BOD
contributing components onto zeolite presented in fig. 2 is a
straight line in nature which confirms the applicability of the
Langmuir model and also the monolayer coverage. The
Langmuir constant ©, in mg/gm related to adsorption
capacity indicate availability of more surface active region
onto adsorbent site and b x 10° L/mg related to adsorption
energy in terms of x/m is a characteristic of the system.

4. Conclusion

In the present study we have successfully used zeolite with
specific surface area of 2762.47cm’*/gm for removal of
biochemical oxygen demand from the combined waste water
of sugar industry. Following results are obtained. (1)

i The maximum BOD removal is found at 160gm/L of
zeolite concentration i.e. 30.77% from the combined waste
water (2)

ii With increasing amount of Zeolite there found dramatic
increase in chloride content (3)

iii At room temperature Zeolite works as an adsorbent and
follow Freundlich and Langmuir isotherm models. The
results give straight line which confirms the applicability
of isotherm

iv The Freundlich constant K an intercept on X axis is related
to adsorption capacity is found to be 0.068 while the slope
1/n is related to adsorption intensity is found to be 4.7642.

The straight line of the Langmuir plot gives intercept on Y
axis called b x 10’ L/mg i.e. adsorption energy is 1.31 L/mg
and the calculated adsorption capacity ©, mg/gm is 39.048.
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