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Abstract

	 Tamarind Kernel Powder (TKP) and its biosorbents that went through chemical modification 
are crucial for removing heavy metals from industrial effluents including Fe2+, Cd2+, Pb2+, Cu2+, Zn2+. 
TKP is a natural polymer that is fully non-toxic, biocompatible, and biodegradable and belongs to 
the group of natural gums. It has a matrix made of hydrophilic polysaccharides, which has been 
utilized for the generating chelating resins. The chelating resin, based on tamarind kernel powder 
and containing a 6-Amino hexanoic acid, has been created in the current work. FTIR, TGA, SEM, 
ion exchange capacity and other physicochemical characteristics were used to characterize the 
TAMHA resin. At different pH the preferences, the "Kd" values of these dangerous metal ions were 
also computed.
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Introduction

	 The presence of harmful heavy metal 
ions in wastewater pollution brought on by careless 
dumping is a worry for the environment on a global 
scale. The environment is negatively impacted by 
improper management of wastewater and waste 
products from the metal and metal restoring 
industries and represents an imminent threat to 
every form of life, including animals and people. 
Heavy metals toxicological effects, even at extremely 
minimal concentrations, pose a serious health threat 
to all creatures living, making heavy metal pollution 
an international issue. Heavy metals aggregate 

in soft tissues of the human body and may lead 
to many kinds of disorders, such as blindness, 
irritation, paralysis, neurological damage, liver 
and kidney damage, chronic respiratory illness, 
anemia, hepatitis, and nephritic syndrome1-3. 
Scientific community is compelled to search out the 
source of energy to feed with non-polluting nature4. 
If these heavy metals accumulate in substantial 
quantities in a food chain, they may be dangerous 
to an individual's health. There are a number of 
numerous forms of metal ions in the environment. 
Whereas some of these are hazardous, others are 
not. Industries release poisonous metal ions into 
the water. They enter the food chain of humans 
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through the environment. Once within our body, 
they interfere with basic functions and can sometimes 
have catastrophic consequences5. The separations of 
mixture of metal ions on GHBA resin on the basis of 
their distribution coefficient at various pH were also 
achieved using column chromatography6. The metal 
ions are relevant to development and Utilization of 
newly synthesized progress in polymer science7. Some 
of the contaminants that are exceedingly dangerous, 
poisonous, and toxic within the PPB (parts per 
billion) limit are lead, cadmium, chromium, especially 
hexavalent chromium; nickel, barium, cadmium; 
mercury; cobalt; vanadium; selenium; arsenic; grease 
and oils; etc.8. As a result of their natural surroundings 
resistance and endurance, the treatment of toxic metals 
is of particular significance9-10. Heavy metals can be 
removed from wastewater using a variety of methods, 
such as the use of ion exchange, adsorption, electro 
dialysis, lime treatment, chemical precipitation, the 
coagulation process and the process of precipitation 
photo catalytic processes, reduction, filtration through 
membranes (including the ultra-filtration process, 
Nano filtration, and reverse osmosis), and electro 
flotation procedures11-14. Many strategies have been 
researched recently in an effort to create more 
affordable and efficient adsorbents that comprise 
natural polymers. Among these, polysaccharides like 
starch15-17 chitin18-20 and tamarind kernel powder21-22 

are particularly noteworthy. Several innovative  
low-cost adsorbents can be made from natural 
materials, synthetic biopolymers, industrial residues, 
or waste from farming. They're referred to as bio 
sorbents. These substances can be utilized to make 
cheap sorbents for metal ion cleaning up. since they 
are highly effective, affordable, and renewable sources 
of biomass. The current work outlines the chemical 
modification of TKP resin's production and their use in 
detoxifying water bodies with toxic metal ions. There 
has been considerable usage of processes.

Object
	 TKP 6-aminohexazoic acid resin will be 
created and characterized using polysaccharide 
from natural sources and 6-aminohexazoic acid 
acting as a functional group. The resin will then be 
added to industrial waste and effluent to remove 
harmful metal ions. The goal of adopting TKP as 
the polysaccharide matrix in this case is to make 
use of its straightforward availability from farming 
products as well as practical and affordable methods 
for treating and decontaminating industrial effluent.

Materials and methods

Materials: Table 1
Table 1

S. No 	 Chemicals	 Specifications

  1	 Dioxane (AR) 	 Ases Chemical work, 
		  Jodhpur, Rajasthan
  2	 Hydrochloric acid	 Ases Chemical work, 
		  Jodhpur, Rajasthan
  3	 Sodium Hydroxide (NaOH) 	 Sarabhai Chemicals, 
		  Baroda, India
  4	 6-aminohexanoic acid	 Loba Chemie Pvt. Ltd, 
		  Mumbai
  5	 TKP	 Ases Chemical work, 
		  Jodhpur, Rajasthan
  6	 Epoxy chloropropane	 Sarabhai Chemicals, 
		  Baroda, India
  7	 Methanol	 Ases Chemical work, 
		  Jodhpur, Rajasthan

Methods
Preparation of epoxypropyl ether of 6-aminohexanoic 
acid
	 13.117 g (0.1 mol) of 6-aminohexanoic 
acid were added to a 200 mL round-bottom flask. 
After that, 9.25 g (0.1 mol) of epoxy chloropropane 
(epichlorohydrin) was then added, and a magnetic 
stirrer was used to constantly agitate the entire mixture 
for five hours at 60°C. To turn it alkaline, a 50% water-
based solution of sodium hydroxide in water was added 
drop by drop until the pH dropped to 8.5.

Synthesis of TKP derived TAMHA resin
	 Dioxane was introduced to a round-bottom 
flask containing 0.1 mol of TKP and swirled for five 
hours at 60°C. Afterwards, while stirring, a 50% 
sodium hydroxide (aqueous solution) was added 
during synthesis. Following this, epoxy propane 
ether of 6-aminohexanoic acid was added, and the 
reaction mixture was continually agitated for 4.5 
hours at 65 degrees Celsius before being allowed to 
settle overnight. To get rid of inorganic contaminants, 
the product was vacuum-filtered before being 
cleaned with 90% methyl alcohol and a few drops of 
inorganic acid (HCl). In the end, pure methanol was 
used to wash it. The yield of the 6-Aminohexanoic 
acid (TAMHA) resin was 162.2 g, and the end result 
was a free-flowing, light yellow powder. It was resin 
made by method of Singh et al.,23.

Adsorption method
	 Batch adsorption method was implemented 
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in order to remove heavy metal ions from wastewater 
from industries. TAMHA resin (0.1 mol.) was added 
to a 250 mL conical flask with a capacity of 100 mL 
of the established metal ion concentrations, which 
corresponded to 2 to 15 mg/L. Sodium bicarbonate 
and hydrochloric acid were used in the conventional 
way to modify the pH, and the mixture was stirred 
continually for the conceived equilibrium time of ninety 
minutes utilizing a magnetic stirrer. After the mixture 
reached equilibrium, it was filtered by Whatman-42 
paper filters, and an atomic absorption spectroscopy 
(Perkin-Elmer device 2380) was used to assess the 
filtrate. For the ions Pb2+, Cd2+, Fe2+, Cu2+ and Zn2+, 
plots of the corresponding calibration curves have 
been generated. The percentage of Pb2+, Cd2+, Fe2+, 
Cu2+ and Zn2+ adsorption on TAMHA resin as well as 
the Kd (distribution coefficient) values were derived.

Result and Discussions

Thermogravimetric analysis (TGA)
	 For determining the thermal degradation 
of resin, the model number Q 500 V 6.7 Build 203 
thermogravimetric instrument will frequently use. The 
resin sample was properly dried in a vacuum desiccator 
after being powdered to the same typical mesh size. For 
analysis, the boat was uniformly stocked. The model 
number Q 500 V 6.7 Build 203 thermo gravimetric 
analyzer is frequently used to measure the thermal 
decomposition of resin. After being ground into a 
powder with the same specified particle size, the 
resin sample was appropriately dried in a desiccator 
with a vacuum while the boat was continuously being 
prepared for analysis. Under a stationary atmosphere, 
the system was constantly warmed at a rate of 20°C/
min1 until it reached complete decomposition for the 
dynamics measurement. Up to 250°C, the TAMHA 
resin was found to be stable, but deterioration was 
shown to be quick after that. Fig. 1 showcases the 
TAMHA resin TGA graph.

Scanning Electron Microscopy (SEM)
	 Instruments made by Zeiss were used for 
SEM. The results of the SEM clearly show the uneven 
and porous surface of the resin. Comparatively 
speaking to TKP, synthetic resin has a more abrasive 
texture. SEM findings and adsorption observations 
of metal ions in effluent are in good agreement.  
Fig. 2 shows the micrographs of TAMHA resin that 
were so obtained. SEM images showing how voids 
have appeared in resins to the same proportion as the 

area of their surface on the surface of manufactured 
natural resin. Surfaces display structural variety and 
variability. The nature of the adsorbent is porous.

Fig. 1. TGA curve of TAMHA resin

Fig. 2a. SEM of TAMHA resin

Fig. 2b. SEM of TAMHA resin

Fig. 3. FTIR-Spectra TAMHA of resin
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Fig. 4. Graph between Kd and pH

Fig. 5. Graph of percentage of removed metal ions with pH

FTIR spectra of TAMHA resin
	 FTIR spectra of TAMHA resin were 
recorded on Agilent technologies FTIR instrument. 
Due to the stretching of the -OH molecule, the 
TAMHA resin's FTIR spectrum displays a broad 
band with a peak between 3600 and 3200 cm-1. The 
peak at 2922.2 cm-1 is caused by C-H stretching 
vibrations, the peak at 1625.1 cm-1 is caused by 
N-H bending vibrations, and the peak at 1401.51 
cm-1 is caused by C-H bending vibrations. A 

noticeable peak at 1006.10 cm-1 indicates the C-O 
stretching vibration.

Effect of pH on distribution coefficient (Kd)
	 The distr ibution's coefficient is the 
ratio of the substance's concentrations in all 
of i ts states—ionized and unionized—in a 
mixture of two immiscible states at equilibrium. 
These coeff icients represent the var iance 
in the compound's solubility between these 
two phases. Measurements for the 'Kd' are 
significantly impacted with the pH. Table 2 lists 
the variations in distribution coefficient (Kd) 
values of several metal ion with H+ ion. Based 
on the information gathered, the Kd values 
increase as the acidity of the aqueous solution 
declines, and the most suitable pH ranges  
are 5-8. TAMHA resin begins functioning when 
the pH reaches to a level where the strongest 
acidic ion exchange sites begin to interchange 
hydronium ions (H+) for metal ions. When any of 
the heavy metal ion adsorption on its functional 
group can form complexes synthesized guar 
gum diamino benzoic acid (GDABA) resin for 
elimination of hazardous waste metal ions 
from industrial effluents24. The relevant work 
was also conducted by various researchers 
exchange method25. The reduct ion in 'Kd' 
distribution coefficient values after the neutral 
and alkaline region maximum can be attributed 
to the complex growth of TAMHA resin with toxic 
metal ions. High distribution coefficient values 
suggest that the metal has been adsorbent Ly 
held by the resin.

Table 2: The significant features of industrial waste water 

Description 		 Visibility: Turbid, solution Color: Green, Odor: Unpleasant, pH: 4.8, 
				    Total hardness: 970

Metal ions	 Ca2+	 Mg2+	 Fe2+	 Cd2+	 Pb2+	 Cu2+	 Zn2+

Concentration mg/L	 175.4	 101.5	 3.12	 0.98	 1.14	 3.99	 5.82

Table 3: Metal ions distribution coefficient 
 
Metal ion distribution coefficient (Kd) Kd ×102

pH	 Fe2+	 Zn2+	 Cu2+	 Cd2+	 Pb2+

 2	 13.45	 13.18	 16.77	 11.77	 9.00
 3	 17.61	 15.75	 20.45	 14.50	 11.92
 4	 21.83	 19.10	 26.60	 19.69	 17.14
 5	 26.70	 23.83	 33.36	 26.29	 23.52
 6	 33.33	 33.75	 42.50	 47.64	 41.81
 7	 40.32	 31.57	 41.15	 34.54	 39.56
 8	 39.52	 30.13	 36.39	 30.83	 28.00

Table 4: Percentage of metal ions extracted 

pH	 Fe2+ (%)	 Zn2+ (%)	 Cu2+ (%)	 Cd2+ (%)	 Pb2+ (%)

 2	 57.37	 56.70	 62.65	 54.08	 47.36
 3	 63.78	 61.16	 67.16	 59.18	 54.38
 4	 68.58	 65.63	 72.68	 66.32	 63.15
 5	 72.75	 70.44	 76.94	 72.44	 70.17
 6	 76.92	 77.14	 80.95	 82.65	 80.70
 7	 80.12	 75.94	 80.45	 77.55	 79.82
 8	 79.80	 75.08	 78.44	 75.51	 73.68
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Elimination of metal ions from effluent of Steel 
Industry
	 Metal ion elimination through TAMHA resin 
necessitates prior complex synthesis. Since this 
impacts the metal ions' solubility, the opposite ion's 
concentration, and subsequent extraction of metal 
ions, the creation of metal-chelates is specifically 
influenced by the pH of the aqueous phase. Ions 
on the functional groups of the adsorbent and the 
degree to which it transforms during a reaction. The 
consequences of pH in the 2.0–8.0 range of pH on the 
development of complexes and metal ion separation 
from effluent were studied using HCl and NaOH. 
The largest percentage of the metal ions that were 
tested was eliminated at pH ranges of 5.0-8.0. The 
reported table makes it abundantly evident that as 
pH rises, the fraction of metal ions removed first rises 
and subsequently declines. This depicts how the pH 
of the solution influences the metal ions' selectivity. 
This results in the maximal elimination of harmful 
metal ions. The H+ ions of the TAMHA resin are rapidly 
exchanged with metal ion in an acidic solution.

Conclusion

	 At pH 6, the maximum adsorption of Pb2+, 
Cd2+, Cu2+, Zn2+ were noted, whereas the maximum 

Fe2+ was also noted at pH 7. The highest lead 
absorption has been determined at pH 6. TAMHA 
resin is currently thought to be one of the most 
promising methods for removing heavy metal ions 
because of its speed, price, and sustainability. By 
deploying different concentrations of HCl solution 
to effectively remove the metal ions from the 
adsorbed TAMHA resin, the resin could be washed 
with pure distilled water and acidic 10 times to 
regenerate it into its (H+) cationic exchanger state. 
The recently developed TAMHA resin is recyclable 
and hydrophilic, allowing for the safe disposal of old 
resins following effluent treatment without posing 
any environmental hazards. Therefore, our research 
shows that newly synthesized Industrial wastewater 
may be efficiently treated to remove problematic 
heavy metal ions utilizing TAMHA resin.
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