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Abstract: The present paper reports the modification of guar gum through the grafting of 2-acrylamidoglycolic acid by free 

radical polymerization using an efficient potassium peroxydiphosphate/thioacetamide redox system in nitrogen atmosphere. 

The reaction conditions for maximum grafting have been optimized by varying the reaction variables including the 

concentration of 2-acrylamidoglycolic acid (5.3×10
-2

 mol dm
-3

), potassium peroxydiphosphate (1.2×10
-2

 mol dm
-3

), 

thioacetamide (TA) (2×10
-3

 mol dm
-3

), sulphuric acid (4×10
-3

 mol dm
-3

), guar gum (1 g dm
−3

) along with time duration (150 

min) and temperature (35°C). Water swelling capacity and flocculation and studies of synthesized graft copolymer have been 

performed with respect to the parent polymer. The graft copolymer has been characterized by Fourier transform infrared 

spectroscopy and thermogravimetric analysis. 
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1. Introduction 

Modification of natural polymers by grafting has drawn 

much attention in recent years [1-5]. Guar gum (GG) is 

derived from the seeds of guar plant Cyanaposis 

tetragonolobus (Leguminosae); it is a natural nonionic 

branched polymer with β-D-mannopyranosyl units linked 1–

4 with single membered α-D-galactopyranosyl units 

occurring as side branches. GG and their derivatives have 

been used in many areas (e.g. thickening agent, ion exchange 

resin and suspending agent etc.). It forms colloidal 

dispersions with water at room temperature and imparts 

extraordinary viscosity, because of this property, native guar 

gum as well as its derivatives are commercially imparting 

and find use in such diverse applications like oil well drilling, 

paper and textile sizing, as a binding agent for explosives, 

and is widely used in food industry [6]. Guar gum cross-

linked with borax was investigated for water retention 

applications [7]. Although guar gum has wide industrial 

applications, it suffers from some draw backs like 

biodegradability [8], which limits its uses considerably. 

These drawbacks can be improved through the grafting of 

vinyl monomer, which imparts new properties to the 

polymeric backbone. Grafting provides an efficient route not 

only removing the drawback but also improving its properties 

towards swelling and flocculation. Up to date many 

investigations have been carried out in view of preparing 

biopolymer-base advanced materials, but reports on grafting 

onto the guar gum are scantily available in the light of its 

versatile applications. This work is carried out with an aim to 

tailor guar gum based hybrid material by grafting of 2-

acrylamidoglycolic acid, which is hydrophilic and 

biocompatible in nature [9-10]. 2-Acrylamidoglycolic acid 

(AGA) refers to a class of acrylamides containing –OH,–

COOH and –CONH– functional groups that shows excellent 

selectivity in separating apatite from siliceous gangue [11]. A 

number of copolymers have also been recognized to have 

ability to respond to several stimuli [12] and to recover metal 

ions [13-14]. Taking in mind all of these fascinating 

applications of acrylamidoglycolic acid (AGA) and guar 
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gum, an attempt has been made to graft acrylamidoglycolic 

acid (AGA) onto guar gum. The resulting graft copolymer 

shows better enhancement in the properties towards water-

swelling capacity, and flocculation than initial polymer. 

2. Experimental 

2.1. Materials 

Guar gum (Sigma-Aldrich, U. S. A.), 2-

Acrylamidoglycollic acid (Sigma), Potassium 

Peroxymonosulphate (Sigma), sulphuric acid (E. Merck) and 

Thioacetamide (E. Merck) were purchased and used as such. 

All the solutions were prepared in deionized water. For the 

flocculation and coking coals were received from steel plant 

Bokaro, India.  

2.2. Procedure for Graft Copolymerization 

The calculated amount of GG, AGA, TA, sulphuric acid 

has been added to three neck reactor at a fix temperature and 

a slow stream of nitrogen gas is passed. After 30 min., a 

known amount of deoxygenated PMS solution is added to 

initiate the reaction. After desired time period, the reaction 

was stopped by letting air into the reactor. The grafted sample 

has been precipitated by pouring it in to water/methanol 

mixture (ratio 1:5). The obtained grafted part has been 

filtered, dried and weighed. Further, the homopolymer can be 

prepared by the procedure of my previous published research 

paper [15].  

3. Results and Discussion 

The graft copolymer has been characterized as reported in 

the literature [16-17]. 

Grafting ratio (%G) = 100  
substrate ofWeight 

polymer  Grafted ×        (1) 

Grafting efficiency (%E) =  100    
formedPolymer 

graftin Polymer  ×       (2) 

Homopolymer (%H) = 100 – % Grafting efficiency        (3) 

3.1. Characterization of Graft Copolymer  

(GG -g- 2-Acrylamidoglycolic Acid) 

The IR spectra of guar gum and grafted samples have been 

recorded with JASCO FT/ IR-5300 model in the range 500 to 

4000 cm
-1

. The thermal stability of the films was investigated 

using a thermal analyzer instrument (TGA 4000 Perkin 

Elmer) from 35°C to 850°C under a nitrogen atmosphere at a 

heating rate of 20°C/min.  

3.2. Determination of Optimum Grafting Conditions 

The optimum reaction conditions for maximum percentage 

of GG-g-2-acrylamidoglycolic acid by using 

PMS/thioacetamide redox system in the presence of 

hydrogen ion (H
+
) have determined. 

3.3. Effect of [Thioacetamide], [Peroxymonosulphate] and 

[2-Acrylamidoglycolic Acid] Concentration 

The variation of thioacetamide (TA) concentration from 

0.4×10-3 to 3.6×10-3 mol dm-3 reveals that of grafting ratio and 

efficiency increase on increasing the thioacetamide 

concentration up to 2.0× 10-3 mol dm-3 due to availability of 

more primary free radicals ( •• = SRR 1  and −•
4

SO ), which is 

formed due to reduction of peroxymonosulphate by 

thioacetamide [18]. However, on further increasing the 

concentration of thioacetamide from 2×10-3 to 3.6×10-3 mol 

dm-3, the decrement in grafting parameters has been found 

which is probably due to premature termination of 2-

acrylamidoglycolic acid radicals giving rise to the formation of 

more homopolymer. The results are represented by Table 1. 

Table 1. Effect of Variation in Used Chemicals on Grafting Parameters. 

Chemicals Variation in data %G %E %H 

[TA]×103 

(mol dm-3) 

0.4 168.0 60.87 39.13 

1.2 195.0 62.71 37.29 

2.0 216.8 64.37 35.63 

2.8 175.0 57.80 42.20 

3.6 130.0 51.92 48.08 

[PMS]×102 

(mol dm-3) 

0.4 130.0 51.18 48.82 

0.8 180.0 59.02 40.98 

1.2 216.8 64.37 35.63 

1.6 160.0 56.94 43.06 

2.0 110.0 47.29 52.71 

[AGA]×102 

(mol dm-3) 

2.7 145.0 32.39 67.61 

4.0 190.0  60.90 39.10 

5.3 216.8   64.37 35.63 

6.7 125.0  51.44 48.56 

8.0 95.0  42.22 57.78  

[TA] = 2×10-3 mol dm-3, [GG] = 1 gm dm-3, [AGA] = 5.3×10-2 mol dm-3, 

[H+] = 4×10-3 mol dm-3, [PMS] = 1.2×10-2 mol dm-3, Time = 2.5 h, 

Temp=35°C 

The effect of peroxymonosulphate ion concentration on 

grafting reaction has been studied and the results were 

summarized in Table 1. It was observed that grafting ratio, 

and efficiency were increased on increasing throughout the 

cited range i.e. from 0.4×10
-2

 to1.2 × 10
-3

 mol dm
-3

. This 

behavior might be attributed due to progressive reduction of 

PMS by thioacetamide producing primary free radicals, 

which attack the guar gum molecules creating more active 

sites, to which monomer addition takes place. 

The effect of concentration of 2-acrylamidoglycolic acid 

on grafting parameters has been investigated by varying the 

concentration of 2-acrylamidoglycolic acid (AGA) from 

2.7×10
-2

 to 8.0×10
-2

 mol dm
-3

. It has been observed that 

grafting ratio and efficiency increase on increasing the 

concentration up to 5.3 × 10
-2

 mol dm
-3

 and thereafter, 

grafting parameters decrease (Table 1). However the 

formation of homopolymer shows a reverse trend with 

respect to grafting efficiency. This behavior is attributed to 

accumulation of monomer molecules at close proximity of 

polymeric backbone. The monomer molecules, which are at 

the immediate vicinity of reaction sites, become acceptors of 
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guar gum macro radicals resulting in chain initiation and 

thereafter themselves become free radical donor to the 

neighboring molecules leading lower of termination. But on 

further increasing the concentration of 2-acrylamidoglycolic 

acid, the grafting parameters decrease due to formation of 

more homopolymer. 

Furthermore, the used guar gum and sulphuric acid 

concentration in are 1 gm dm
-3

 and 4×10
-3

 mol dm
-3

, 

respectively. The optimum time and temperature for 

graftcopolymerization are 150 min. and 35°C, respectively. 

3.4. Evidence of Grafting 

The grafting of 2-acrylamidoglycolic acid on guar gum has 

been confirmed by FTIR and TGA. 

3.5. IR Spectroscopy 

IR spectra of guar gum [19] have been recorded in the 

range of 500-4000 cm
-1

. IR spectrum of guar gum (Figure 1) 

shows characteristic absorption bands arising from OH 

stretching (broad) near 3019.97 cm
−1

. On comparing the 

spectra of both, guar gum and its graft copolymer, GG-g-

AGA (Figure 2) shows a sharp band at 3462 cm
−1

. The 

sharpness of band indicates the participation of hydroxyl 

groups in chemical reaction. The graft copolymerization is 

further confirmed by characteristic absorption band of amide 

I at 1670 cm
−1 

due to C=O stretching vibration, and at 1390 

cm
−1

 due to–CN stretching vibration of AGA molecule, 

respectively. The appearance of additional peaks in spectrum 

of graft copolymer and shifting of -OH stretching vibration 

appeared in the spectrum of guar gum from the spectrum of 

guar gum -g-2-acrylamidoglycolic acid showed that grafting 

might have taken place on OH sites of guar gum. 

 

Figure 1. IR spectrum of guar gum-g-poly 2-Acrylamidoglycolic acid. 

 

Figure 2. Thermogravimetric trace of guar gum-g-poly 2-Acrylamidoglycolic acid. 
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3.6. Thermogravimetric Analysis 

The integral procedure decomposition temperature (IPDT) 

proposed by Doyle [20] has been correlated the volatile parts 

of polymeric materials and used for estimating the inherent 

thermal stability of polymeric materials [21-22]. The IPDT 

value were calculated by using our recent published research 

paper [23]. The detailed explanation of thermogravimetric 

analysis (TGA) behavior of guar gum has been interpreted in 

our previous published papers [24]. The integral procedural 

decomposition temperature (IPDT) is 447°C. Tmax, the 

temperature at which maximum degradation occurred, is 

300°C and final decomposition temperature (FDT) has been 

observed at about 385°C. 

The degradation of GG-g-AGA shows three step 

degradations. It has been found that degradation of GG-g-

AGA starts at about 100°C temperature (Figure 2). The rate 

of weight loss increases with increase in temperature from 

110°C to 155°C and thereafter decreases and attains 

maximum at about 450°C. First, second and third Tmax has 

been found at 181°C, 240°C and 305°C, respectively. The 

integral procedural decomposition (IPDT) and final 

decomposition temperature (FDT) have been found at about 

549.62°C and 500°C respectively. The above results 

confirmed that GG-g-AGA is more thermally stable than guar 

gum on the basis of their respective IPDT value.  

3.7. Swelling Studies 

The graftcopolymer (GG-g-AGA) samples (0.10 g) were 

put into a weighed teabag and immersed in 100 mL distilled 

water and allowed to soak for 24 h at room temperature. The 

equilibrated swollen sample was allowed to drain by 

removing the teabag from water and hanging until no drop 

drained (~2h). The bag was then weighed to determine the 

weight of the swollen sample. The absorbency (equilibrium 

swelling) was calculated using the following equation [25-

27]: 

Absorbency = (Ws-Wd)/Wd                         (4) 

Where Ws and Wd are the weights of the swollen and the 

dry sample, respectively. So, absorbency was calculated as 

grams of water per gram of graftcopolymer (g/g). The 

accuracy of the measurements was ±3%. 

Table 2. Swelling Capacity of Graftcopolymers. 

Sample code [AGA]×102 mol dm-3 %G PS SR 

A 2.6 145.0 150 1.50 

B 4.0 190.0 180 1.80 

C 5.3 216.8 220 2.20 

D 6.6 125.0 120 1.20 

E 8.0 95.0 110 1.10 

A,B,C,D,E indicates the sample of graft copoymer (GG-g-AGA) 
**Swelling capacity of graft copoymer (GG-g-AGA) 

[TA] = 2×10-3 mol dm-3, [GG] = 1 g dm-3, [AGA] = 5.3×10-2 mol dm-3, [H+] 

= 4×10-3 mol dm-3, [PMS] = 1.2×10-2 mol dm-3, Time = 2.5 h Temp = 35°C 

The results of swelling studies reveal that swelling of graft 

copolymer is dependent upon percent grafting. The 

dependence of the swelling capacity of graftcopolymers on 2-

acrylamidoglycollic acid (AGA) concentration is illustrated 

in Table 2. In graftcopolymer, after water absorbency, with 

increase in the AGA concentration their swelling capacity 

increased, reaching the maximum value of swelling capacity. 

The increase in swelling capacity may originate from the 

greater availability of monomer molecules in the vicinity of 

the chain propagating sites of guar gum radicals. It has been 

observed that a maximum percent swelling of 220% is 

obtained when grafting ratio is 216.8%.  

3.8. Flocculation Study 

The flocculation performance of Guar Gum is GG-g-AGA 

has been studied by Jar test method. The beaker was placed 

on flocculator dipping the stirrer blade in the suspension. 

Under a low stirring condition, required quantity of polymer 

solution was added to beaker to make predetermined dose 

with respect of suspension volume. After the addition of 

polymer solution, the suspension was stirred at 250 RPM for 

15min. The flocs were allowed to settle down for 30 minutes. 

Clean supernatant liquid was drawn from a depth of 1.0 cm 

and its turbidity was measured using a digital nephelometer 

(digital nephelometer model 341 (EI) supplied by ISO-TECH 

SYSTEM) to express the turbidity in nephelometric unit 

(NTU). A comparison of flocculation efficiency of guar gum 

is GG-g-AGA are shown in Figure 3. 

 

Figure 3. Effect of polymer dosage on turbidity for coking coal. 

Plots of supernatant turbidity versus polymer (Guar Gum 

are GG-g-AGA) dosage for coking is given in Figure 3. It 

has been found that graft copolymer (GG-g-AGA) shows 

better performance (lesser turbidity over lowest polymer 

dose) than guar gum. This could be explained due to the 

fact that in graft copolymer, the dangling longer poly-PAGA 

chains have better approachability to the contaminant [28-

29]. 
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4. Conclusion 

The thermal data shows that the synthesized graft 

copolymer is thermally more stable than guar gum. The 

synthesized graft copolymer i.e. GG-g- AGA shows better 

results for swelling and flocculating properties in comparison 

to guar gum, this could be interpreted that graft copolymer 

shows the enhancement in these properties. The 

spectroscopic data confirm that the grafting of AGA might 

have taken place at hydroxyl group, which is supported by a 

tentative mechanism suggested for grafting. The thermal 

analysis data shows that graft copolymer, a hybrid material in 

which properties of monomer is added by grafting, could be 

exploited very well industrially. 
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