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ABSTRACT

 Newly synthesized resins are used for sustainable development with an eco-friendly nature. 
Extensive study on productivity and application aspects of these resin has attracted the attention 
of the scientific community. With this aim, the present work reports the newly synthesized mango 
seeds-based resin. The developed resins are useful for elimination of toxic heavy metal ions. A 
newly synthesized mango seed starch 6-amino hexanoic acid (MSSAHA) resin has been studied 
and found to have potential for elimination of industrial effluents. The influence of pH on adsorption 
has been studied. The newly synthesized MSSAHA resin was further diagnosed by SEM, TGA and 
FTIR spectral analysis. Metal ion distribution coefficient (Kd values at pH 7) for Fe2+, Zn2+, Cu2+, Cd2+ 

and Pb2+ are 86.66, 60.95, 69.42, 49.44 and 45.65, respectively. Metal ions removal from waste water 
for Fe2+, Zn2+, Cu2+, Cd2+ and Pb2+ are 89.65%, 85.90%, 87.40%, 83.17% and 82.03%, respectively. 
these Heavy metal ions have selectively separated by MSSAHA resin. The resin has been also 
examined for removal of Fe2+, Cd2+, Pb2+, Cu2+, Zn2+ in different solutions.
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INTRODUCTION

 Untreated industrial waste water contains 
toxic metal ions such as mercury, lead, chromium, 
cadmium, and arsenic that have been linked to either 
acute or chronic toxicities.1-3 Exploring novel active 
adsorbents as effective removal agents for hazardous 
metal ions that pose health risks to people and other 
organisms is urgently necessary. The numbers 
classical methods have been so far used to remove 

toxic heavy metals as solvent extraction4, precipitation 
and coprecipitation5, electrochemical reduction6, 
biosorption7, pre-concentration8 for the efficiency of 
the scientific method, researchers are very interested 
in heavy metal removal using various adsorbent resins. 

 Adsorbent that has been reported for their 
effective removal such as chitin9-10, chitosan11-12, 
cellulose13-15, commercially activated carbon16-17 

and guargum18-21. The starch-based resin has been 
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attracted by number of researchers for absorbance 
toxic metal ions from industrial waste, as starch is 
eco-friendly as well as cost effective22. Mango is 
one of the common fruits in Asia, Central and South 
America and Africa particularly. Average of 15 million 
t (MT) Mango in a year is produced in India23. Mango 
seed is reported as sustainable and potential source 
of starch24. The outcomes of study done by paying 
attention to enhance the results by selecting the 
particular compounds in innovation for noble work for 
their commercial viability25. Heavy metals present in 
water above the acceptable limit are severe hazards 
to livings and they are non-biodegradable in different 
environmental conditions. Therefore, it is urgent 
attention for adequate treatment and regulations26. 
Waste water pollution from hazardous heavy metals 
is regarded as effect on population growth27. The 
study explores synthesis and characterisation of 
cost-effective, co-friendly resin of mango seed 
starch-6-aminohexanoic acid and its adsorbent 
potency to extract toxic heavy metal ions from the 
industrial contaminants of Kushal Metals Industry 
present in Jodhpur, India, by batch method. It has 
also been investigated how pH affects the ability of 
hazardous heavy metal ions to bind to surfaces.

MATERIALS AND METHODS

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

et al.,28 A round-bottom flask was taken and 
it was filled with mango seed powder and a  
0.2 mol slurry was prepared by dissolving in dioxane. 
8.5 pH of solution was maintained by addition of 
15 mL of 40% sodium hydroxide (w/v) in above 
obtain slurry. The solution was shacked at 60°C. 
0.1 mol epoxy chloropropane was then added with 
continue shacking in solution. At 60°C temperature 
shacking was continued for 5 hours. Epoxypropyl 
ether of mango starch so obtained was then filtered 
under vacuum, methanol was used for washing 
and it was dried on filter paper.  This epoxypropyl 
ether Mango seed starch was treated with 0.1 mol 
6-aminohexanoic acid and the mixture was Shaked 
at the temperature of 60°C about 5 hours. This 
content was left for overnight. Next day it was filtered 
and methanol (90%) consisting 5 drops hydrochloric 
acid was employed for washing to remove inorganic 
contaminants. Pure methanol was further used for 
washing MSSAHA resin was obtained as yellowish-
brown powder that had yield of 208.7 gram. 

Table 1: Materials used for development and 
application of newly synthesized MSSAHA Resin 

Chemicals Specification

Dioxane (AR) Loba Chemie Pvt. Ltd. Mumbai, 
 India
Epichlorohydrin (AR) Molychem, Mumbai, India
6-aminohexanoic acid (AR) Sigma-Aldrich Chemie Gmbh, 
 Germany
Sodium Hydroxide (AR)  S.D. Fine Chem. Pvt. Ltd. Boisar
Methanol (AR) Loba Chemie Pvt. Ltd. Mumbai, 
 India
Hydrochloric Acid  Ases chemical works, Jodhpur, 
 India
Mango seed Powder Extracted from mango seed kernel
Pumpkin Powder Extracted from pumpkin pulp
Guargum Powder Sarabhai M. Chemicals, Baroda, 
 India

Methods for MSSAHA resin preparation
 Mango seed powder was extracted 
from mango seeds (Fig. 1a, and b). The dioxane, 
Hydrochloric acid and 6-aminohexanoic acid used 
were of high purity. The reported MSSAHA resin  
(Fig. 1c) was synthesized by method of Singh  

Fig. 1a. Mango seeds for development of 
newly synthesized MSSAHA resin 

Fig. 1b. Mango seeds for development of 
newly synthesized MSSAHA resin 

Fig. 1c. Newly synthesized MSSAHA resin 
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RESULTS AND DISCUSSION

Batch method
 Batch method was employed for 
determination of distribution coefficients (Kd) and 
for the analysis of metal ions percentage removal 
by resin. The pH of solution was adjusted using 
two buffers of KCl–HCl buffer and acetate buffer. 
A sample solution (100 mL) was taken to 250 
mL Erlenmeyer flask and pH was adjusted. After 
adjustment of pH of MSSAHA resin (100 mg) was 
taken in to the solution, this mixture was continuously 
shacked at 25°C temperature for about 2 h and 
equilibrium was attained. Whatman filter paper no. 
40 was used for filtration. The residue so obtained 
after filtration was then equilibrated with 4N HCl. 
This content was again filtered using whatman filter 
paper 42. Perkin-Elmer model (2380) AAS was 
employed for analysis of the contaminating metal 
ions present in the filtrate obtain as well as adsorbed 
on the residue. The calibration curves for Fe2+, Cd2+, 
Pb2+, Cu2+, Zn2+ ions were plotted. The calibration 
curves were obtained Filtrate to determine the 
concentrations of these metal ions present in 
the filtrate. Kd (distribution coefficient) values and 
percentage adsorption of Fe2+, Cd2+, Pb2+, Cu2+, Zn2+ 
on MSSAHA resin were calculated.

Thermo gravimetric analysis (TGA)
 TGA was performed for newly synthesized 
mango seed starch 6-amino hexanoic acid 
(MSSAHA) resin for elimination of toxic heavy metal 
ions from Industrial Effluents. Vacuum desiccator 
was used for drying and powdering MSSAHA resin. 
It was packed for analysis at fix heating rate of 
200C per minute in atmosphere of air. The thermo 
gram of MSSAHA resin was studied for thermal 
decomposition up to 4950C under inert conditions. 
Thermo gravimetric analyser TGA Model Q 500 V 6.7 
Build 203 was employed to determine the thermal 
behaviour of synthesized resin. Elements C, H, and 
O were determined in synthesized resin by Model 
Carlo Erba 1160 elemental analyser. Thermogram 
first breaks at 500C, where there is a 10% weight 
loss that is primarily caused by water desorption. 
At 1800C, there is a second breakdown and a 60% 
weight loss. At the third breakdown, which occurs at 
3500C, weaker bonds break down, causing weight 
loss of 10%. The thermogram of the MSSAHA resin 
is shown in Figure 2.

Fig. 2. TGA of the Mango Seed Starch-6-Aminohexanoic 
acid resin

Scanning Electron Microscopy (SEM)
 SEM was performed for newly synthesized 
mango seed starch 6-amino hexanoic acid (MSSAHA) 
resin for elimination of toxic heavy metal ions from 
Industrial Effluents. Porous and rough surface of 
resin was clearly revealed by the micrographs. 
SEM was carried out by Zeiss instrument. Uneven 
and porous surface of resin is clearly revealed by 
SEM results. Synthesized resin has more rough 
structure as compared to mango seed powder. 
SEM observations are in good agreement with 
adsorption observations of metal ions present in 
effluent. Micrographs so obtained of MSSAHA resin 
are represented in Figure 3.

Fig. 3. SEM analysis of the mango seed 
starch-6-aminohexanoic acid resin

Infrared spectroscopy (FTIR)
 FTIR spectral study was also performed 
for newly synthesized mango seed starch 6-amino 
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hexanoic acid (MSSAHA) resin for elimination of 
toxic heavy metal ions from Industrial Effluents. 
Characterisation of MSSAHA resin was carried out 
by FTIR instrument Perkin Elmer spectrum version 
10. 4. 00., and KBr pellets were used for sample 
preparation. Atomic absorption spectrometer 
Perkin-Elmer Model 2380 was employed to 
concentration analysis of Fe2+, Cd2+, Pb2+, Cu2+, 
Zn2+ ions in reference and industrial waste water. 
IR spectral study was done with Perkin Elmer 
spectrum version 10. 4. 00 instrument using KBr 
pellets. The MSSAHA resin's FTIR spectrum 
exhibits a wide band due to stretching of -OH 
causing peak between 3600 and 3200 cm-1. 
Stretching vibrations of C-H are responsible for 
the peak at 2923.14 cm-1, N-H bending vibrations 
are found responsible for the peak at 1563.31 cm-1, 
and C-H bending vibrations are responsible for the 
peak at 1357.31 cm-1. C-O stretching vibration is 
shown by a prominent peak at 1002.70 cm-1. FTIR 
of the MSSAHA resin is shown in Figure 4. 

Distribution coefficient (Kd)
 The adsorption potency of MSSAHA resin 
for Fe2+, Cd2+, Pb2+, Cu2+, Zn2+ ions from standard 

Fig. 4. FTIR of the mango seed starch-6-aminohexanoic 
acid resin

solution and industrial effluent of Kushal Metals 
Industry, Jodhpur was investigated under different 
conditions of pH. Characteristics features of effluent 
are represented by Table 1. By using the batch 
approach, Kd (distribution coefficient) values of 
metal ions has been calculated. Table 2 provides 
the Kd (distribution coefficients) values of metal ions 
from the effluent of the Kushal Metals Industry in 
Jodhpur. Table 3 displays the percentage of metal 
ion’s removal from effluents by the MSSAHA resin. 
Fig. 5, a graph between Kd and pH, illustrates the 
impact of pH on the of metal ions adsorption. The 
pH-dependent percentage of metal ion removal from 
effluents is shown in Figure 6.

Fig. 5. Graph between Kd and pH

Fig. 6. Graph of percentage of removed metal ions with pH

Table 1: The significant characteristics of industrial waste water of Kushal Metals Industry, Jodhpur 
Visibility: Turbid, solution Colour: Greenish blue, Odour: Unpleasant, pH: 6.1, Total hardness: 959

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

Concentration (in mg/L-1) 102.16 41.34 3.48 6.67 4.13 1.07 1.28

Table 2: Metal ion distribution coefficient (Kd) from Kushal Metals 
Industry wastewater, Jodhpur,   

Metal ion distribution coefficient (Kd) Kd ×102

pH Fe2+ Zn2+ Cu2+ Cd2+ Pb2+

 2 16.56 17.44 17.35 13.26 10.64
 3 20.52 21.02 22.51 16.09 13.70
 4 25.87 26.14 26.87 21.47 19.76
 5 31.42 33.88 33.47 28.21 25.55
 6 39.01 42.93 42.94 38.63 31.29
 7 86.66 60.95 69.42 49.44 45.65
 8 46.12 47.50 38.02 31.15 34.13
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Table 3: Percentage of metal ions removed from waste water of Kushal 
Metals Industry, Jodhpur

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

 2 62.35 63.56 63.43 57.00 51.56
 3 67.24 67.76 69.24 61.68 57.81
 4 72.12 73.31 72.88 68.22 66.40
 5 75.86 77.21 76.99 73.83 71.87
 6 79.59 81.10 81.11 79.43 75.78
 7 89.65 85.90 87.40 83.17 82.03
 8 82.18 82.60 79.17 75.70 77.34

CONCLUSION 

 The findings demonstrated that pH 7.0 
produced the greatest Kd (distribution coefficients) 
values for all metal ions under examined. The 
MSSAHA resin absorbed the most Fe(II) ion from the 
industrial wastewater. The pH has been discovered to 
have a significant impact on the metal ion distribution 
coefficient (Kd). The pH was shown to affect adsorption. 
It was discovered that MSSAHA resin works well 
as an adsorbent to take harmful metal ions out of 
industrial wastewater. At pH 7.0, the best outcomes 
were obtained. Therefore, MSSAHA resin is advised 
for treatment of effluents having harmful heavy metal 
ions. Rathore and Singh (2023) studied on guar gum 
diamino benzoic acid (GDABA) resin for elimination of 
hazardous waste metal ions from industrial effluents29. 
They have reported results on GDABA resin for the 
elimination of Pb2+, Cd2+ and Zn2+ ions from effluents 
of Steel Industries in Jodhpur, Rajasthan (India). 
Anju et al., (2023) studied on tamarind 2-gydroxy-2-
methyl butyric acid (THMBA) resin for elimination of 
hazardous metal ions from industrial effluents30. They 
have reported results on Tamarind kernel powder 
(TKP) for their good metal sorption properties and 
found to have potential for waste management. 
THMBA resin has been employed for the elimination 
of Zn2+, Pb2+, and Cd2+ ions in aqueous solution of 

effluents of arid region of, with special emphasis 
in and around Pali district. Due to its affordability, 
environmental friendliness, and efficiency, the removal 
of heavy metal ions with MSSAHA resin is currently 
regarded as one of the most promising techniques. 
According to the research, harmful metal ions such 
Fe2+, Cd2+, Pb2+, Cu2+, and Zn2+ may be selectively 
removed from industrial settings using MSSAHA 
resin. Additionally, it works well as an ion exchange 
for heavy metals like Fe, Cd, Pb, Cu, and Zn, among 
others. Because the newly created MSSAHA resin 
is hydrophilic and biodegradable, it may be simply 
disposed of after effluent treatment without causing 
any environmental issues. As a result, the current 
experiment demonstrates that newly synthesized 
MSSAHA Resin may be utilised to remove harmful 
heavy metal ions from industrial wastewater in an 
efficient manner.
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