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ABSTRACT

The newly synthesized Tamarind 2-Hydroxy-2-Methyl Butyric Acid (THMBA) resin for
elimination of hazardous waste metal ions was developed from industrial effluents. The Tamarind
kernel powder (TKP) has been studied for their good metal sorption properties and found to have
potential for waste management. In the laboratory, chemically produced Tamarind-2-hydroxy-2-
methyl butyric acid (THMBA) resin derivative has been employed for the elimination of Zn?, Pb#,
and Cd?*ions in aqueous solution of effluents of arid region of Rajasthan, with special emphasis in
and around Pali district. These groups of ion exchanger constitute new category of newly reformed
ion exchange resin for the retraction of ions of harmful metal. It was further diagnosed by computing
thermal and FT-IR spectral analysis, ion exchange capacity etc. The estimation of ‘K’ values of these
unsafe metal ions was also done at various values of pH.

Keyword: Waste water, Tamarind kernel powder (TKP), Adsorption, Pollutant, adsorbents,
Arid region, Textiles Effluents, Tamarind Hydroxy Methyl Butyric Acid.

INTRODUCTION

The water quality parameters of arid region
of Pali district were studied. Ground water is the
major source of drinking water and over 93% of
the drinking water demand is met by groundwater
in said area of Pali district. The water quality of
this area is not having those standards which are
recommended by the WHO. Discharge of urban,

industrial and agricultural wastes have increased
the quantum of various hazardous chemicals that
entered in water. Without the knowledge of water
chemistry, it is difficult to understand the biological
phenomenon. The chemistry of water much reveals
about metabolism of the ecosystem and explains the
general hydro-biological interrelationship'2 domestic
wastes®* water quality®. Inorganic or organic ion
exchange materials provide a way to polysaccharide®
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natural polymers?, chitosan® sulphate groups®°
and physical appearance''. The relevant work
was also conducted by various researchers
exchange method' oxidation processes'®',
chemical techniques’®, solvent extraction'®. Garg
and Seth'” were also studied about characteristics
of ground water samples (GWS) from the some
bore wells and dug wells of different locations of Pali
district in Rajasthan and found remarkable result of
ground water. The discussed methods employed
to develop versatile guar gum-based adsorbent's,
solvent extraction'®, precipitation®, hazardous metal
ions?2* Guar gum?2-26,

Nature and objective of the present study

The objectives of this study are to
investigate and evaluate various hazardous metal
ions present in rural area of Pali district (Arid region
of Western Rajasthan), and to develop newly
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synthesized Tamarind 2-Hydroxy-2-Methyl Butyric
Acid (THMBA) resin for elimination of hazardous
metal ions from industrial effluents. The purpose
of using Tamarind here as the polysaccharide
matrix and its easy availability from agricultural
resources and effective and low-cost procedures
of handling and decontamination of industrial
wastewater. The study about the newly synthesized
resin from tamarind kernel powder (TKP) has been
sustainable application. Tamarind-2-Hydroxy-2-
Methyl Butyric Acid resin (Newly developed resin,
namely THMBA resin) has application to elimination
of hazardous metal ions.

MATERIAL AND METHODS
Materials

The chemicals used in the synthesis of
resin are tabulated in Table 1.

Table 1: Materials used for synthesis Tamarind 2- Hydroxy-2-Methyl Butyric Acid
(THMBA) Resin

S. No Chemical Specification
1 Tamarind Kernel Powder (TKP) Sarabhai M, Chemicals Baroda, INDIA
2 2- Hdroxy-2-Methyl Butyric Acid (AR) Sigma Aldrich Chemicals Private Ltd, Mumbai
3 Hydrochloric Acid (AR) Sarabhai M, Chemicals Baroda, INDIA
4 Epichlorohydrin (AR) Loba Chemie Pvt. Ltd, Mumbai
5 Methanol (AR) E Merk. Bombay, India
6 Sodium Hydroxide (AR) Sarabhai M, Chemicals Baroda, INDIA
7 Dioxane (AR) SD Fine chem. Pvt. Ltd. Boisar

Synthesis of Tamarind 2-Hydroxy-2-Methyl
Butyric Acid (THMBA) Resin

The procedure followed to synthesize
THMBA resin is as follows:

Epoxy propyl ether of 2-Hydroxy 2-Methyl Butyric
acid Preparation

The solution of 2-Hydroxy 2-Methyl Butyric
acid, NaOH, and epichlorohydrin in double distilled
water followed by 1.18 g of 2-Hydroxy-2-Methyl
Butyric Acid (0.01 M) in methanol in a round bottom
flask and 4.0 mL of NaOH (0.1M), and mixed
all solutions, then after addition of 9.30 mL
(0.10 M) of epichlorohydrin to the alkaline mixture
with continuous stirring on a magnetic stirrer for
about 4 h at temperature 60-65°C.

Tamarind 2-Hydroxy-2-Methyl Butyric Acid Resin
(THMBA Resin) Preparation

After preparation of epoxy ether compound,
162 g of Tamarind kernel power (TKP) (0.5 moles)

was mixed with dioxane and then it was allowed
to react with the prepared epoxy propyl ether of
2-Hydroxy-2-Methyl Butyric Acid. It was continuous
stirring for next 4 hours at 60-65°C temperature. This
reaction mixture was kept for 24 hours. The resultant
product was first filtered under vacuum then it was
followed by washing with 70% methanol and HCI to
neutralize 6.0 g NaOH and to eliminate inorganic
contaminants and then dried. The yield of Tamarind
2-Hydroxy-2-Methyl Butyric Acid Resin (THMBA
Resin) was 42.6 gram.

Stock Solutions Preparation of Metal lons
Zinc Acetate Zn(ll)

2.324 g of zinc acetate (Zn(CH,COO0),) was
dissolved in a 2.5 mL of acetic acid and volume was
make up by doble distilled water to 1000 volumetric
flask to give 1000 ppm zinc solution.

Lead Nitrate pb(ll)
In a 1000 mL volumetric flask, 2.3247 g of
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lead nitrate was added to 1.5 mL of diluted sulphuric
acid. The total volume of solution was made 1000
mL by pouring doble distilled water to the solution
in volumetric flask.

Cadmium Sulphate Cd(ll)

1.231 g of CdSO,H,0 was dissolved in
2.0 mL concentrate sulphuric acid and the volume
was raised up to mark in 1000 mL volumetric and
the volume was raised up by addition of double
distilled to mark in 1000 mL volumetric flask to give
1000 ppm Cadmium solution.

Determination of distribution coefficient by batch
method

The value of molar distribution coefficient
‘K, of various metals like, Zn(ll), Cd(ll) and Pb(Il)
which shows sound adsorption on different chelating
resins were done by using batch method. Weighed
amount of various chelating resins i.e., Tamarind
2-Hydroxy-2-Methyl Butyric Acid Resin (THMBA
Resin) was taken in a glass stopper conical flask,
which was having 1 mL of 1000 ppm metal solution
analogous to 1 mg metal ions. In it, suitable buffers of
known volume were taken for pH adjustments. After
this the contents of conical flasks were then allowed
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to stir on a magnetic stirrer and then equilibrated.
The two phases obtained on equilibration were then
separated by using Whatman 42 filter paper and a
portion of filtrate obtained was examined for the
concentration of metal in ions.

Calibration curves were plotted for various
metals, through the examination of standard solution
series of metal ions with the help of atomic absorption
spectrophotometer. Air acetylene flame and different
wavelength of main resonance line were used for the
estimation of various metals. The values of different
wavelengths taken with the help of corresponding
calibration curves for different ions the concentration
of metal ions in filtrates were determined. And
then the respective distribution coefficients were
calculated by the using the following formula.

Amount of metalionin 'resmngﬂ

— m
K= .. solutil .
Amount of metal ion m%lo f solution

ofdry resin

Buffers of pH 2-8 were prepared by adding
appropriate amounts of 0.2M acetic acid and 0.2M
sodium acetate in different conical flasks.

Determination of distribution coefficient ‘k, for
Zn(ll), Pb(ll) and Cd(ll)

Table 2: Absorbance for Standard Solutions of Zn, Pb, and Cd Solution Calibration Curves are
given in Fig. 4,5 and 6

S. No For Zn, For Pb For Cd
Concentration in ppm Absorbance Concentration in ppm Absorbance Concentration in ppm  Absorbance
1 1 0.034 1 0.030 2 0.006
2 2 0.063 2 0.072 3 0.143
3 4 0.113 4 0.143 5 0.264
4 6 0.165 6 0.217 7 0.381
5 8 0.218 8 0.299 9 0.487
6 10 0.272 10 0.372 11 0.585
7 12 0.328 12 0.456 12 0.604
8 14 0.384 14 0.530 13 0.643
9 16 0.445 16 0.613 15 0.662

Different amounts of 0.2M acetic acid and
0.2M sodium acetate were taken in a glass stopper
conical flask to obtain solutions of desired pH i.e.,
2-7.Similarly, to obtain the pH of 8 suitable amount
of 0.2M NH,OH and 0.2M NH,CI were mixed.
In each flask containing different pH solutions,
0.085 g of dry resin (THMBA) and 1 mL of 1000
ppm Zn(ll) solution were added. These contents
were allowed to mix completely on a magnetic
stirrer and then filtered. The resulting filtrates

were examined for zinc, lead and cadmium. The
results obtained were summarised in the given
Table 3.

Inference

The value of distribution coefficient for Zn(ll)
on THMBA resin was maximum at pH 6 and other
pH from 2 to 8, shows good absorption on THMBA.
From the resin, metal ions can be eluted by HCI
having pH below 2.0.
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Table 3: Distribution coefficient ‘K’ for Zn(ll), Pb(ll) and Cd(ll) for Thmba resin

For Zn For Pb For Cd
PH ‘K, for Zn %Adsorption K, for Pb %Adsorption K, for Cd %Adsorption
of Zn(ll) by resin of Pb(ll) by resin of Cd(ll) by resin
2 345.61 47.08 499.00 42.20 67.28 7.532
3 449.54 2.26 865.30 53.71 69.70 7.847
4 1045.93 69.14 1644.13 65.87 79.16 9.016
5 4759.80 89.89 3650.53 787.20 88.17 10.146
6 5950.34 1.58 1821.48 67.82 77.94 8.864
7 1977.76 80.25 408.45 53.31 69.37 8.795
8 1816.34 78.73 253.49 42.41 68.72 8.714

Resin Characterization

The characteristics of newly produced
Tamarind resin was researched and analysed.
Various analyses and determinations were used
to investigate the characteristics of these resins.
Diverse methods, such as I.R. spectra, pH titration,
and sulphur and nitrogen content measurement,
were used to validate the synthesis of various
derivatives. The Shimadzu 8300 was used to do
FTIR spectral investigation on all of the newly
developed resins.

FTIR Characterisation of Tamarind 2-Hydroxy-2-
Methyl Butyric Acid Resin (THMBA Resin)

FTIR spectrum studies of THMBA resin
shows peculiar peaks at 3239.1 cm™, 1010.1 cm™,
1211.4 cm™, 1558 cm™ for NH, group, C-O-C
stretching, -C-O stretching and C=0 stretching
respectively. A peak at 2881 cm, shows the
presence of CH and CH, stretching for aliphatic
groups, a peak for C=C conjugated group has
been observed at 2322.1 cm', polysaccharides
generally show peaks in the range of 3200 to 3600
cm, region. Fig. 2 shows the FTIR spectrum of
THMBA resin.

Fig. 1. Tamarind (Tamarindus indica)

Fig. 2. Tamarind specifications: Tamarind Kernel
and Tamarind Kernel Powder
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Fig. 3. FTIR Characterization of Tamarind
2-Hydroxy-2-Methyl Butyric Acid (THMBA) Resin

Fig. 4. Scanning electron micropy (SEM) Images of
Tamarind-2-Hydroxy-2-Methyl Butyric Acid (THMBA) resin
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CONCLUSION

Maximum adsorption of Metal ion was
observed at different pH levels of maximum
adsorption. So, the segregation of these metal
ions from others can be done at pH2 and 10. All
observed results are reported for the development
and application of newly synthesized Tamarind-2-
Hydroxy-2-Methyl Butyric Acid (THMBA Resin)
resin for elimination of hazardous waste metal ions.
Tamarind-2-Hydroxy-2-Methyl Butyric Acid Resin
(THMBA Resin) resin is profoundly selective for
the elimination of hazardous metal ions from the
industrial waste. On studying the results obtained,
it can be inferred that with increasing pH, the ‘K
values are variable for different metal ions. The
Table 2,3, and Fig. 3-8 shows the development
and application of newly synthesized Tamarind-
2-Hydroxy-2-Methyl Butyric Acid Resin (THMBA
Resin) resin for elimination of hazardous waste
metal ions. The trend of values of equilibrium
dissociation constant (‘K;) at the corresponding
pH values where maximum adsorption of metal
ion takes place on newly synthesized Tamarind
2-Hydroxy-2-Methyl Butyric Acid Resin (THMBA
Resin) resin as mentioned.
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