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ABSTRACT

 Natural Guar gum based resin which containing 6-amino caproic acid as a functional 
group has been synthesized. This modified ion exchange resin was used for removal of toxic metal 
ions from synthetic waste water using the principle of ion exchange mechanism. GACA resin was 
used for removal of ZnII) and Co(II) metal ions from aqueous solution containing these metal ions.  
Zn(II) ion show maximum adsorption and Kd value at pH 5 while Co(II) show at pH 6. Zn(II) show 
maximum adsorption on GACA resin is 81.34% and for Co(II) is 73.3% which is good result.
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INTRODUCTION 

 Both natural and manmade processes 
could have contributed to the presence of these 
heavy metals on the water's surface. Natural 
activities include the weathering of metal-containing 
rocks, volcanic eruptions, forest fires, and naturally 
occurring weathering processes. As a result of 
these actions, metal enters the various ecosystems. 
Heavy metals can exist in a variety of states, 
including sulphides, hydroxides, oxides, sulphides, 
phosphates, and silicates1,2.

 The massive accumulation of heavy metals 
in the water is mostly caused by human and natural 

action. The wet and dry deposition of atmospheric 
salts, contact between water and rock, and water-soil 
interaction are other natural causes of heavy metal 
pollution of water.

 As a response of r ising petroleum 
product prices, polysaccharide matrix has been 
employed to make inexpensive, easily disposed of 
chelating cation or anion exchange resins. Due to its 
hydrophilicity, which makes the functional groups of 
the polysaccharide-based resin readily accessible 
even to macromolecules in solution, DEAE-cellulose 
has been used extensively for the removal of transition 
metal ion residues3,4. Guar gum derivatives are ideal 
candidates for removing heavy metal ions from 
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the effluents of the non-ferrous and ferrous metal 
industries. Mineral industry use of commercially 
available polysaccharide derivatives is growing5.

 Starch and cellulose can be used to 
make them in huge quantities6–9. Guar an and its 
derivatives are appropriate materials to be used 
as flocculants since they are more hydrophilic than 
cellulose and can be used as ion exchangers, 
chelating agents, coagulation factors, modifiers, 
thickening agents, and viscosity builders as well 
as depressors. Cobalt(II) and zinc(II) metal ions 
have been removed from aqueous solutions using 
polysaccharide10.

 The objective of this work was to synthesize 
and characterize a brand-new resin based on Guar 
gum. By utilizing Guar gum 6-amino caproic acid 
(GACA), toxic heavy metal ions can be extracted 
from contaminated aqueous solution or industrial 
waste water11,12.

Chemical structure of Guar gum
 According to a Reuter's article, India 
allegedly has an 80% market share for guar goods 
worldwide. In the 2007–2008 fiscal years, which 
concluded in March 2008, India exported guar 
products valued11 billion rupees. In terms of global 
trade, Pakistan behind India. Industrial Guar gum, 
the most prevalent guar product, accounts for around 
45% of total demand13.

 The sugars galactose and mannose are 
the basic building blocks of Guar gum, a polymer. 
Mannose residues are 1, 6-linked to galactose 
residues every other mannose in a linear chain, 
forming short side-branches14.

round bottom flask to begin the synthesis of GACA 
resin based on Guar gum polysaccharide matrix. The 
aforementioned solution was then mixed with 9.25 
g (0.1 mole) of epichlorohydrin while being agitated 
for 4 h on a magnetic stirrer. Then, we added 4 g of 
NaOH (0.1mole) dissolved in the barest minimum of 
water to the reaction mixture, agitated it for 5 h on a 
magnetic stirrer, and let it alone whole night.

 In the second phase of the synthesis, 81 g 
of Guar gum powder (0.5 mole) was put to a round 
bottom flask containing dioxane, and then 4 g of a 
NaOH solution (0.1 mole) was added. The mixture 
was agitated on a magnetic stirrer at 65 degrees 
Celsius. Then, the mixture from the first phase of the 
reaction was added, and it was agitated constantly 
for 4.5 h at 65 degrees Celsius. Following an initial 
wash in methanol, surplus alkali is neutralized by 
adding a few drops of hydrochloric acid. At last, pure 
methanol was used to clean it.  

 Synthesized resin of 6-amino caproic acid 
(GACA) was filtered and dried. Finally dry resin was 
weight on balance machine and noted the yield. The 
yield of GACA resin was obtained 114.8 g. Fig. 2.10 
shows the reaction scheme of GACA resin.

Fig. 1. Chemical structure of Guar gum

Methodology 
Guargum 6-amino caproic acid (GACA) resin 
synthesis
 First, 13.11 g (0.1mole) of 6-amino caproic 
acid was dissolved in minimal methanol in a 250 mL 

Fig. 2. The chemical scheme for the synthesis of GACA resin

pH Titration 
 Batch-based pH titration for Guar gum 
derivatives. Hydrogen ions were produced from the 
Guar gum byproduct. After rinsing the resins in water 
to neutralise the acid, they were dried at 60 degrees 
Celsius for 12 hours. We used a 0.1 g portion to fill 
8-9 separate flasks with resins. Each flask was given 
increasingly smaller amounts of a 1 N NaCl solution, 
then progressively higher amounts of a 0.1 N NaOH 
solution. Each flask was then continuously supplied 
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with deionized water to maintain the solution volume 
to resin weight ratio i.e. 25 mL of solution for 0.1 g of 
resin. When the solution's pH level was steady, the 

magnetic stirrer was used to re-establish equilibrium 
in the hermetically sealed flask. The shown pH 
titration curves may be found in the table’s below.15

Table 1: pH titration of guar gum 6-aminocaproic acid (GACA) resin at optimum condition

Flask No. Vol. of 1M NaCl in mL Vol. of 0.1N NaOH in mL Vol. of deionized water Final pH

      1 1.8 0.0 23.2 4.4
      2 1.6 0.4 23.0 5.4
      3 1.4 0.8 22.8 6.7
      4 1.2 1.2 22.6 7.9
      5 1.0 1.6 22.4 8.11
      6 0.8 2.0 22.2 9
      7 0.6 2.4 22.0 10.01
      8 0.4 2.8 21.8 10.89
      9 0.2 3.2 21.6 11.23
     10 0.00 3.6 21.4 12.22

Fig. 3. pH Titration curve of GACA resin

Ion exchnage capacity of GACA resin
 The total ion exchange capacity of the 
resin was determined using the method described 
below. The capacity of the resin was determined 
using a back titration method. One gram of resin 
was added to a one liter Erlenmeyer flask containing 
200 milliliters of 0.05N NaOH and 5 milliliters of 5% 
NaCI solution. After mixing, we let the mixture alone 
for the night. With phenolphthalein as the indicator,  
a 25 mL aliquot of the supernatant solution was back-
titrated with 0.05 N HCI. The following equation is used 
to calculate total ion exchange capacity16,17 [Q (Meq/g)]:

Q (Meq/g)=                                                 

V1 is vol. of 0.05N NaOH (mL)
V2 is Vol. of 0.05N HCl (mL)
M is Weight of dry resin (g)

Q (Meq/g)   =    (0.05x200)-8(0.05x12.22)/0.89
                   =    (10-8(0.611)/0.89
                   =    (10-4.88)/0.89
                   =   5.12/0.89
                   =    5.75

Ftir characterization of GACA resin
 The varied pecks at distinct regions of the 
GACA resin's FTIR examination give suggestions 
about the functional groups in the synthesized resin. 
The peak found at 2113.4 cm-1 owing to amino group, 
1994 cm-1, and 1833.9 cm-1 due to symmetrical and 
asymmetrical stretching. Peaks discovered at 3220. 
4 cm-1 and 2922.2 cm-1 due to the carboxylic groups.

Fig. 4. FTIR of GACA resin

Sem characterization
 According to SEM micrographs of the 
resin's surface, activated charcoal is discovered 
to contain cavities that are exactly the same size 
as their surface area (see Fig. 5). Surfaces are 
heterogeneous and have a vast variety of structures. 
Permeable describes the real adsorbent.

Fig. 5. SEM of GACA resin
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Determination of distribution coefficient 
Chelation on a GACA resin of zinc and cobalt 
metal ion 
 Assor ted amounts of 0.2 M acetic 
acid and 0.2 M sodium acetate were poured to 
various glass stoppered conical flasks to achieve 

the desired pH range of 2 to 7. Each flask had 
0.2 M NH4OH and 0.2 M NH4Cl added to get 
the pH up to the needed 8. After swirling with 
magnets for one hour, the liquid was filtered19. 
The concentration of filtrates was determined 
by AAS for metal ions. 

Table 2: Distribution coefficient of Zinc metal ion on GACA resin 

pH Absorbance Concentration of Zn Amount of Zn ion Amount of Zn Kd %adsorption of Zn ion Metal exchange
  ion in filtrate in ppm in solution in mg in resin in mg  by synthesized resin capacity (Mg/g)

 2 1.13 7.1 0.2645 0.7355 1855.67 73.55 10.67
 3 1.35 6.9 0.2478 0.7522 1988.67 75.22 10.87
 4 1.33 6.5 0.2456 0.7544 3006.78 75.85 10.99
 5  0.11 4.8 0.1866 0.8134 3244.33 81.34 11.23
 6 1.15 4.5 0.2344 0.7656 2876.89 76.56 11.11
 7 1.09 4.1 0.2244 0.7756 2134.67 77.56 10.77
 8 1.25 4.5 0.2345 0.7655 1933.89 76.55 10.11

Inference: The highest value of distribution coefficient of Zn(II) metal ion on GACA resin was obtained at pH 5. At other pH range from 
2-8 Zinc metal ion shows good adsorption on GACA resin, from the GACA resin zinc metal ion can be eluted by 0.05N HCl

Table 3: Determination of distribution coefficient of cobalt metal ion on GACA resin

pH Absorbance Concentration of Co Amount of Co ion Amount of Co ion Kd % adsorption of Co metal Metal exchange)
  ion in filterate in ppm in solution in mg on resin in mg  ion on synthesized resin capacity (mg/g

 2 0.987 13.21 0.5977 0.4023 678.98 40.23 5.44
 3 0.999 9.99 0.5445 0.4555 1122.67 45.55 6.54
 4 1.678 7.98 0.5213 0.4787 1234.76 47.87 7.34
 5 1.769 6.89 0.3355 0.6645 1667.77 66.45 7.88
 6 0.222 5.45 0.2667 0.7333 2544.45 73.33 10.33
 7 0.342 7.23 0.2989 0.7011 2333.44 70.11 6.45
 8 0.543 7.11 0.3411 0.6589 2198.90 65.89 6.33

Inference: The highest value of distribution coefficient of Ni(II) metal ion on GACA resin was obtained at pH 6. At other pH range from 
2-8 nickel metal ion shows good adsorption on GACA resin, from the GACA resin nickel metal ion can be eluted by 1.0 N HCl.

Table 4: Maximum %adsorption was found 
of zinc and cobalt metal ions by GACA 

resin at optimum conditions

Metal ion %adsorption on GACA resin

   Zn(II) 81.34
  Co(II) 73.3

Fig. 6 Adsorption in % of zinc and cobalt metal ion by 
GACA resin

Table 5: kd values of zinc and 
cobalt metal ions by GACA resin

Metal ions Kd value

   Zn(II) 3244.33
   Co(II) 2544.45

RESULTS AND DISCUSSIONS

 When it comes to cleaning up polluted water 
and industrial waste, GACA resin is second to none 
in terms of selectivity. The data suggest that, when 
pH rises, kd values initially rise and subsequently 
fall. Here, we determined Kd for the adsorption of 
Zn(II) and Co(II) metal ions on GACA resin, which is 
the molar distribution coefficient. Co(II) ions exhibit 
maximum adsorption and Kd values on caproic acid 
(GACA) resin at pH 6, while Zn(II) ion does so at  
pH 5. Its mean that cobalt metal ion can be separated 
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from others metal ions at pH 6 while zinc metal ion 
can be separated from others metal ion on pH 5.

 This sequence demonstrates the rising 
order of Kd and adsorption of ionized metals on 
caproic acid (GACA) resin is Co(II)<Zn(II).Thus zinc 
metal ion show maximum 81.34% and cobalt ion 
is 73.35 on GACA resin. Ion exchange capacity of 
GACA resin found 5.75Meq/g.

 Adsorption of metals from water is strongly 
correlated with pH. The competition between H+ ions 
and metal ions for adsorption sites increases at low 
pH. At a pH of 5 or 6, adsorption is at its peak and 
decreases with increasing pH. Absorption of free 
metal ions is pH-dependent. Metal ion accumulation 
on GACA resin increased when the pH range 
expanded from 2.0 to 8.0.

 There are many factors which effect the 
results are as followings. 

 Temperature One of the most important 
factors influencing metal ion adsorption on resin. 
As the temperature rises, less metal ions are able to 
bind to resin. 30°C to 80°C is the temperature range 
used for the GACA resin treatment process.

 The agitation speed was increased from  
0 to 150 rpm; more metal ions were retained on the 
produced samples modified GACA resin. This is due 
to the fact that increasing agitation speed promotes 
metal ion migration to the surface of the adsorbents
It was found that the optimum contact time for 
GACA resin was 220 min with adsorption of metal 
ions increasing with contact time from 45 min to 
220 minutes. 

 Finally, we can say that resins based on 
naturally modified polysaccharides are superior for 
separating and recovering metal ions from effluent 
water from industrial processes.
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