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INTRODUCTION:

Today most of the countries are facing drinking water problems and conditi
severe especially in developing countries like India, and 70%

bacterial contamination of drinking water. India, as one of
world, is subjected to a large volume of sugar industrial was
molasses and distillery water are some of the major objecti
‘sugar industry and there have been extensive studies by seve
Disposal of Industrial Waste water on land or in natural
chemical and biological hazards, This ultimately creates heal
water for irrigation and drinking for longer time effects h
which may result in damaged or reduced mental and

damage to blood composition, lungs, kidneys and liver.Different treatment techniques such as
chemical precipitation, coagulation- precipitation, adsorption and ion exchange have been
developed to_remove heavy metals from contaminated water,
industry waste disposal®

ons are very
to 80% of the diseases are due to -

the major sugar producers of the
tes as well. Biogases, press mud,
onable wastes generated form the
ral workers on remediation thereof.

streams and lakes causes physical,
th problems. the use of such polluted
uman bodies tend to bioaccumulation,
central nervous function, and permanent

generated in the process of sugar
.Coagulation-floceulation and chemical precipitation are perhaps the

most widely used, however they both have the drawbacks of difficult sludge disposal and more
importantly the diminished effectiveness when treating water with low heavy metal levels®,
Membrane filtration and reverse 0smosis were also reported®,

. However, these methods usually involve expensive mate
Other methods such as electro dialysis,

have also been investigated however th

rials and high operation costs,
membrane electrolysis and electrochemical precipitation

eir applications have been limited due to the high energy
consumption’.On the other hand, as a cost effective method ion ex

change process normally
involve low-cost materials and convenient operations,

and they have been proved to be very
effective for removing contaminants from water and increase the water quality®'0, Moreover, ion

exchange is particular effective for treating water with low concentration of heavy metals which is
very common in practice®.Natural zeolites as well as synthesized zeolites were

used in a wide
range of environmental applications'"'?

, including water purification, with the emphasis on the
ammonia and heavy metal removal, removal of radioactive Cs and Sr

from low-level waste
streams of nuclear installations,

and recently also for the removal of organic pollutants™ ¥, Jike
hydro chlorofluorocarbons (HCFCs) and petroleum products from water.They can be used as

barriers to contaminant migration or as binders in waste solidification systems
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zeolites was initially reported by Grandjean in 1910 and later studied by Mc Bain in 1926, the
notion of zeolites as *‘molecular sieves" was introduced by Mc Bain in 1932 to describe the size
selectivity of zeolites during molecular adsorption'”

The use of fly ash prepared zeolite materials for the environmental protection is
stimulated by good physico-chemical properties, e.g. selective sorption, by non- toxic nature,
availability and low cost. A great deal of research on natural zeolites has been focused on the
most commonly occurring types, especially clinoptilolite, mordent and chabazite.
EXPERIMENTAL:

Waste water treatment using HY and HZSM-5 zeolites:

Treatment of waste water by using the Batch ion exchange method (as described in the Chapter
1) with synthesized zeolites HY (Si/Al =5.1) and HZSM- 5(Si/Al = 33) is used in this section™>*.
In order to achieve the greatest efficiency of the process and to optimize the degree of removal of
contamination during the application of the sorbent material for waste water treatment,

The samples of sugar industry waste water, polluted Pandu lake water near to by NDSF and four
side bore well water of different locations along the effluent stream of NDSF of the Bodhan town
were collected. Water samples were collected from these areas and were analyzed for the
various parameters like pH, EC, COD, TDS, hardness and bacterial count. Then water samples
were treated with zeolite material by conventional ion exchange method and again analyzed for
the comparison. pH of each sample was determined by using ELICO LI 612-pH Analyzer while
electric conductivity was measured by using water quality checker model ELICO CM 183 EC —
TDS Analyzer. All the reagents used in this investigation were of analytical grade. Laboratory
incubator/inculation chamber was used for maintaining different incubation temperature,

Double distilled water was used for reagent preparauon and dilution etc. All the glassware’s
were of Borosil Grade-A.

Effect of type of zeolite adsorbate during the ion exchange:

In the first set of adsorption tests, different types of zeolite adsorbate such as HY (Si/Al=5.1)
and HZSM-5 (Si/Al=33) synthesized from fly ash were used to test the degree of removal of
contamination.

A fixed amount of solid to liquid ratio of adsorbent and simulated effluent were used to
determine the type of zeolite required for optimum removal of metals from the solution. To

the 100 ml of contaminated water (5 g/lO FEhsgmount of zeolite HY or HZSM-5 were
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added and kept for the reflex at the temperature 60 °C with continuous magnetic stirring for 6
hrs. After the reflex the sample was cooled down to the room temperature and filtered before
investigation of the various parameters.

The effects on adsorption of the solid to liquid ratio during the ion exchange

In the second set of adsorption tests, different solid to liquid ratio (1, 2, 3 and 5 g/100 mL) of
adsorbent (zeolite HY or zeolite HZSM-5) and simulated waste water were tested to determine
the mass of zeolite required for optimum removal of metals

from the solution. Same ion exchange technique was adopted to treat contaminated water
sample before investigation.

The effects of duration of ion exchange:

The third set of adsorption tests was carried out at different times (i.e. 60 minutes, 90 minutes,
120 minutes, and 180 minutes) intervals in order to evaluate the time dependence of adsorption
using the simulated effluent. During the ion exchange a fixed amount of solid to liquid ratio of
adsorbent (i.e. 5 g/100 mL) and simulated waste water was taken. Same ion exchange technique

was adopted to treat contaminated water sample before investigation.

RESULTS AND DISCUSSIONS:

Water purifications are based on the unique cation-exchange behavior of zeolites through which
dissolved cations are removed from water by exchanging with cations on a zeolites exchange
sites. Zeolites with high exchange capacities (high charge densities) can easily strip the
hydration shell of a water-cation complex. Inside the zeolite pore apertures water molecules and
charge balancing mono- and divalent cations, such as Na’, Ca™ and Mg™ can be found. The
negative charge of the framework, caused by the replacement of Si'* with A, is
compensated by these small cations. Larger cations are partially or completely excluded by the
zeolite pore size, whereas smaller species can be exchanged or sorbed.

The ready exchangeability, and relatively innocuous nature of the charge-balancing
cations, renders them particularly suitable for the removal of undesirable species (particularly
metal ions) from wastewaters. An equally important parameter of zeolites is the Si/Al ratio. It is
responsible for their thermal and hydrothermal stability, as well as their acidity and relative
hydrophobicity. The specification of this ratio also gives the zeolite species its significance in

environmental protection. A low Si/Al ratio is indicative of an increased number of terminal
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Figure 3.1 : Variation of the parameters such as Turbidity, EC, TDS, BOD, and COD, of
Effluent samples of the NDSF with HY and HZSM-5 Zeolite adsorbent treatment.

HY zeolite used for ion exchange in this work shown good results when compare to the HZSM-
5. This may be due to the high adsorptive behavior of the HY zeolite over HZSM-5 which
basically depends on the surface area of the zeolite. These results are promising for the use of
fly ash prepared HY zeolite over commercially available synthetic zeolites to treat contaminated
ground water and industrial waste effluents, since these materials possess the high capacity for
cation exchange, anion sorption and acid hydrolysis of organic contaminants. The higher
aluminum content of HY, higher kinetics of ion exchange were important factor governing the

improved performance of this zeolite relative to the HZSM-5 zeolite with higher Si/Al ratio.
The effects on adsorption of the solid to liquid ratio:

Different solid to liquid ratio (1, 2, 3 and 5 g/100 mL) of adsorbent (zeolite HY or HZSM-
5) and simulated waste water were tested to determine the mass of zeolite required for
optimum removal of contamination from the waste water sample. Same ion exchange technique
was adopted to treat contaminated water sample before investigation of the various parameters.
Table 3.3 (a and b) shows the effect of increasing adsorbent dose in quality improvement of

waste water with the HZSM-5 and HY adsorbate respectively.

Form the observations the pH value of waste collected from sugar industry was found to be

more acidic (i.e. pH = 3.00) and was very low when compare to the permissible limits of pH for
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Irrigation, after treatment even with 1 g/ 100 m L of zeolite adsorbent the pH enhanced to 5.55
in case of HY zeolite adsorbent and 4.5 in case of HZSM-5 zeolite adsorbent but as the amount
of zeolite adsorbate in exchange solution increases the pH value enhanced to 6.88 in case of
HY with 5 g / 100 m L and in case of HZSM-5 with 5 g/ 100 m L it will be 6.02 which is with
in the permissible limits. The same trend is shown in the other parameters also.
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exchange in quality improvement of waste water. The pH value of NDSFeffluent As the
adsorbent dose in exchange solution increases the EC will be reduced from 6017 to 722 pm cm -

I in case of HY and 6017 to 754 um cm -lin case of HZSM- 5, TDS will be reduced from
3887 to 511 mgL™" for HY treatment and 3887 to 517 mgL'in case of HZSM-5 treatment, TH
will be reduced from 716 to 223 mgL™ with the HY and 716 to 246 mgL™" with the HZSM-5
treatment. As the adsorbent dose increases in exchange solution tremendous decrease in the

hazardous metals such as Arsenic, Lead, and Cadmium was examined.

From the observations a dosage of 2g/100 mL of adsorbate will enhance water quality to 90-
95%. As the dosage of adsorbate in exchange solution increascs water quality enhances to above

95-99%. A dosage of 5g/100 mL has given maximum enhancement. At 5g/100 mL all the
parameters reached to the permissible limits of the water quality.
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Effect of duration of ion exchange process:

The ion exchange was carried out at different time intervals contact of the waste water and
zeolite adsorbent (i.e. 60 minutes, 90 minutes, 120 minutes, and 180 minutes) in order to
evaluate the time dependence of adsorption using the simulated waste water. A fixed amount of
solid to liquid ratio of HY or HZSM-5 zeolite adsorbent (i.e. 5 g/100 mL) and simulated waste
water was taken for ion exchange for different contact time intervals.

Conclusion :

Effect on the adsorptive behavior of modified zeolites prepared from coal fly ash in
treatment of effluent water is studied. Treatment of sugar industrial waste water by using the
ion exchange method with fly ash synthesized zeolite HY (Si/Al =5.1) and zeolite HZSM-5
(Si/Al = 33) was performed. In order to achieve the greatest efficiency of the process and to
optimize the degree of removal of contamination during the application of the sorbent
material for waste water treatment, Effect of type of zeolite adsorbate, the effects of adsorption

of the solid to liquid ratio, and effect Contact time were investigated.

Form the observations the sugar industrial waste water was found to be strongly acidic
with elevated levels of toxic metals. The pH value of the NDSF effluent sample is 3.74 and
was very low when compare to the permissible limits of pH for potable and Irrigation. The
PH value of NDSF effluent samples was enhanced to 4.34 when treated the waste water with
HZSM-5 zeolite adsorbent and 5.54 when treated with HY zeolite adsorbent, these values
were very close to the permissible limits and the water can be used for irrigation purpose.
After treatment with HY zeolite the samples were reanalyzed, and it is observed that the
values of hardness decrease to the permissible limit. The variations in EC reduces from
13050 to 6027 pm cm™, TDS varies from 7830 to 3616 mgL™" after treatment with HY zeolite
adsorbent. The same trend is observed with HZSM-5treatment also. HY zeolite used for ion

exchange in this work shown good results when compare to the HZSM-5.
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