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Abstract  The graft copolymerization of N,N-dimethylacrylamide onto alginate by free radical polymerization using 
potassium peroxymonosulphate-sarbose as a redox pair in an inert atmosphere was investigated. The reaction conditions for 
maximum grafting have been optimized by varying the reaction variables, including the concentration of                           
N,N-dimethylacrylamide (7 × 10−2 mol/L to 23 × 10−2 mol/L), potassium peroxymonosulphate (2 × 10−3 mol/L to                 
18 × 10−3 mol/L), sarbose (0.4 × 10−3 mol/L to 3.4 × 10−3 mol/L), sulphuric acid (1 × 10−3 mol/L to 8 × 10−3 mol/L) and 
alginic acid (0.4 g/L to 1.8 g/L) along with time duration (60 min to 180 min) and temperature (25°C to 45°C). Water 
swelling capacity, metal ion sorption and flocculation studies of the synthesized graft copolymer have been performed. The 
graft copolymer has been characterized by FTIR spectroscopy and thermogravimetric analysis. 
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INTRODUCTION 

Considerable interests have shown on chemical modification of natural polymers for imparting desirable 
properties. The graft copolymerization of vinyl monomers onto natural polysaccharides has received widespread 
attention in recent years[1−3]. In our laboratory, by the process of grafting, physical and chemical properties of 
synthetic monomers are superimposed onto the properties of different natural polymers using redox system[4, 5]. 
Recently few reports are available about the graft copolymers of alginate[6−9]. In recent studies, alginate has been 
chosen as a backbone, which is one of the nontoxic sulphated polysaccharide. Chemically, it is an unbranched 
copolymer with homopolymeric blocks of β-1,4-linked D-mannuronic acid and α-1,4-linked L-glucuronic acid, 
covalently linked together[10]. Algin or alginate is a gelatinous substance produced by brown algae and is used in 
a wide range of food, leather, pharmaceutical and industrial applications. Because it is one of the few 
hydrocolloids that are capable of both thickening and gelling water, alginate offers many useful properties, 
including viscosity control, improved freeze-thaw stability, film formation, rheology control and more[11]. 
Alginate has many useful properties and is very user-friendly and consumer-friendly because it is renewable, 
biodegradable, vegetable and not animal in origin and wholly safe by all known tests[12]. However, it is prone to 
enzymatic degradation and suffers from limitations in fabrication, which limit its application in some fields, for 
example, in controlled-release technology[13]. Although alginate has wide range of uses and applications, it 
suffers from certain drawback like biodegradability, which limits its uses considerably. Poly(N,N-
dimethylacrylamide) (PDMAM) is being used in many fields due to its remarkable properties such as water 
solubility and biocompatibility[14]. Homo- and co-polymers of DMAM have been applied in various fields such 
as oil recovery[15], slow release of drug[16]. N,N-dimethylacrylamide has been chosen as a hydrophilic vinyl 
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monomer to synthesize a new polymeric material i.e. alginate-g-poly(N,N-dimethylacrylamide) (AG-g-
PDMAM) in order to remove not only drawback but also to increase the properties of alginate like swellability, 
metal ion uptake and flocculation thereby increasing its potential applications. The synthesized AG-g-PDMAM 
may be used as superabsorbent, coating materials and flocculant to remove impurities from coal mine waste 
water. 

EXPERIMENTAL 

Materials 
N,N-dimethylacrylamide (DMAM) (Aldrich) was distilled under reduced pressure at 1.99 × 103 Pa and 55°C and 
only the middle fraction was used. Sodium alginate (AG) was purchased from Sigma (U.S.A.). Potassium 
peroxymonosulphate (PMS, Sigma) and Sarbose (E. Merck) were used as received. For maintaining hydrogen 
ion concentration sulphuric acid (E. Merck) was used, and all the solutions were prepared in triple distilled 
water. The other chemicals used were of analytical grade. 

Procedure for Graft Copolymerization 
For each experiment alginate solution has been prepared by addition of weighed amount of alginate into a 
reactor containing triple distilled water with rapid stirring. The calculated amount of DMAM, sarbose and 
sulphuric acid solutions were added to the reactor at constant temperature and a slow stream of pure nitrogen 
was passed. After 30 min, a known amount of deoxygenated PMS solution was added to initiate the reaction. 
The experiments were done in pure nitrogen gas. After desired time period, the reaction was stopped by letting 
air into the reactor. The grafted sample was precipitated by pouring it into water/methanol mixture (1:5, V/V). 
The grafted sample was separated by filtration, dried and weighed. 

Separation of Homopolymer 
The filtrate has been concentrated by distillation under reduced pressure in the presence of a little amount 
hydroquinone. The PDMAM was precipitated by pouring concentrated filtrate into pure methanol. The PDMAM 
thus obtained, was separated, dried and weighed. 

Estimation of Grafting Parameters 
The graft copolymer was characterized by the following parameters[17] 

 Grafting ratio (G, %) = 100  
substrate ofWeight 

polymer Grafted
×  

 Add on (A, %) = 100  
copolymerGraft 

polymer Synthetic
×  

 Conversion (C, %) = 100
chargedMonomer 
formedPolymer 

×  

 Grafting efficiency (E, %) = 100    
formedPolymer 

graftin Polymer 
×  

 Homopolymer (H, %) = 100 − Grafting efficiency (%) 

Swelling 
The preweighed graft copolymer samples (0.02 g) were immersed in 20 mL of triple distilled water and kept 
undisturbed for 10 h at room temperature until equilibrium swelling was reached. The swollen samples were 
then removed from triple distilled water, quickly wiped with filter paper to remove droplets on the surface and 
weighed. The percent swelling (Ps) and swelling ratio (Sr) were calculated by using the following expressions[18].  
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Metal Ion Sorption Test 
0.02 g of graft copolymer was put in 10 mL of metal ion solution of known concentration, and kept for 24 h. 
The strength of sorbed metal ion has been determined by titrating the remaining metal ions. The results of 
sorption behavior of alginate and its grafted polymer with DMAM were determined in terms of different 
parameters[19] i.e. percent ion uptake (Pu), partition coefficient (Kd) and retention capacity (Qr). 

 Percent uptake (Pu) = 100    
feedin ion  metal ofAmount 
polymer in theion  metal ofAmount 

×  

 Partition coefficient (Kd) = 
polymerdry  ofWeight 

(mL)solution  of Volume
solution in theleft ion  metal ofAmount 

polymer in theion  metal ofAmount 
×  

 Retention capacity (Qr) = 
(g)polymer dry  ofWeight 

Eq.) (m.polymer  in theion  metal ofAmount  

Flocculation 
In a 1.0 L beaker, 200 mL of 1 wt% coal suspension (in water) was added. 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 a constant speed for 15 min. The flocs were allowed to settle 
down for half an hour. 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 (N.T.U.). 

Method of Characterization of Graft Copolymer AG-g-PDMAM  

IR spectroscopy 
The IR spectra of alginate and grafted samples were recorded with a JASCO FT/IR-5300 model in the range   
500 cm−1 to 4000 cm−1. 

Thermogravimetric analysis 
The thermograms were recorded on a NETZSCH-STA 409C/CD thermal analyzer from 0°C to 1400°C 
temperature range and with a heating rate of 15 K/min in nitrogen atmosphere.  

RESULTS AND DISCUSSION 

Effect of Concentration of PMS 
The effect of perxoymonosulphate concentration on graft copolymerization of DMAM onto alginate has been 
studied by varying the concentration of PMS from 2 × 10−3 mol/L to 18 × 10−3 mol/L and results are summarized 
in Table 1. The grafting ratio, add on, conversion, efficiency and rate of grafting were found to increase with 
increasing the concentration of PMS from 2.0 × 10−3 mol/L to 10.0 × 10−3 mol/L and homopolymer decreased but 
beyond 10.0 × 10−3 mol /L, the grafting parameters decreased and homopolymer increased. The increment in 
grafting parameters might be due to the progressive reduction of PMS by sarbose, which produces primary free 
radicals (R•)[20] and these primary free radicals generate more active sites on the alginate polymeric backbone, to 
which monomer addition takes place. The decrement in grafting parameters at higher concentrations of PMS, 
might be attributed to the premature termination of the growing grafted chains. 
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Effect of Concentration of Sarbose  
The variation of concentration of sarbose from 0.4 × 10−3 mol/L to 3.4 × 10−3 mol/L reveals that the grafting 
ratio, add on, conversion and efficiency increase with increasing the sarbose concentration up to                       
2.6 × 10−3 mol/L due to availability of more primary free radicals[21], which might be formed due to reduction of 
PMS by sarbose. However, on further increasing the concentration of sarbose from 2.6 × 10−3 mol/L to            
3.4 × 10−3 mol/L, the decrement in grafting parameters is found which is probably due to premature termination 
of DMAM radicals which causes more homopolymer. The results are presented in Fig. 1. 

 
Table 1. Effect of concentration of PMS on graft copolymerization 

[PMS] × 103 (mol/L) G (%) E (%) A (%) C (%) H (%) 
2 
6 

10 
14 
18 

160 
178 
188 
176 
162 

56.2 
58.6 
65.3 
56.9 
57.8 

61.5 
64.0 
65.3 
61.5 
61.8 

12.4 
13.7 
14.3 
12.2 
12.1 

43.8 
41.4 
34.7 
43.1 
42.2 

[AG] =  1.0 g/L, [Sarbose] = 1.8 × 10−3 mol/L, [DMA] = 15 × 10−2 mol/L, [H+] = 4 × 10−3 mol/L; 

Temperature = 35°C; Time = 120 min 
 

 
Fig. 1  Effect of concentration of sarbose on graft copolymerization 
[AG] = 1.0 g/L, [PMS] = 10 × 10−3 mol/L, [DMAM] = 15 × 10−2 mol/L, [H+] = 4 × 10−3 mol/L; 
Temp. = 35°C, Time = 120 min 

Effect of Concentration of Alginate 
The effect of concentration of alginate (from 0.4 g/L to 1.8 g/L) on grafting parameters was studied. It is 
observed that the grafting parameters increase continuously with increasing the concentration of alginate      
(Fig. 2), this may be due to the great availability of grafting site at alginate backbones. 

 

 
Fig. 2  Effect of concentration of alginate on graft copolymerization 
[PMS] = 10 × 10−3 mol/L, [DMAM] = 15 × 10−2 mol/L, [H+] = 4 × 10−3 mol/L, 
[Sarbose] = 1.8 × 10−3 mol/L; Temp. = 35°C; Time = 120 min 
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Effect of Concentration of Hydrogen Ion 
The concentration of hydrogen ion plays an important role during the reaction. The effect of hydrogen ion 
concentration was studied by varying the concentration from 1.0 × 10−3 mol/L to 8.0 × 10−3 mol/L. The results 
are given in Table 2 and found that grafting ratio, add on, conversion and efficiency increase, but on further 
increasing the concentration of [H+] ions beyond 6.0 × 10−3 mol/L, the grafting parameters decrease while 
homopolymer increases. It could be explained by the following reason: On increasing the hydrogen ion 
concentration, the formation of inactive species (H2SO5) increases due to which the concentration of −

5HSO  
decreases resulting in production of less free radicals, thereby decreasing the grafting parameters. 

 525 SOHHHSO ⎯→⎯+ +−  

Table 2. Effect of concentration of hydrogen ion on graft copolymerization 
[H+] × 103 (mol/L) G (%) E (%) A (%) C (%) H (%) 

1 
2 
4 
6 
8 

175 
180 
188 
252 
220 

59.7 
60.5 
65.3 
67.6 
64.1 

63.6 
64.3 
65.3 
71.6 
68.8 

13 
13.3 
14.3 
18.4 
16.3 

40.3 
39.6 
34.7 
32.5 
35.9 

[AG] = 1.0 g/L, [PMS] = 10 × 10−3 mol/L, [DMA] = 15 × 10−2 mol/L, [Sarbose] = 1.8 × 10−3 mol/L;  
Temperature = 35°C; Time = 120 min 

Effect of Concentration of DMAM 
The effect of concentration of DMAM on grafting parameters was investigated by varying the concentration 
of DMAM from 7.0 × 10−2 mol/L to 23.0 × 10−2 mol/L and results are presented in Fig. 3. It has been observed 
that grafting ratio, add on and efficiency increase with increasing the concentration up to 19 × 10−2 mol/L and 
thereafter, the grafting parameters decrease. 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 backbones. The monomer molecules, which are at the immediate vicinity of reaction 
sites, become acceptors of alginate radicals resulting in chain initiation and according themselves become free 
radical donors to the neighbouring molecules.But on further increasing the concentration of DMAM, decrease in 
grafting parameter is observed which is due to viscosity increase of the medium, which in turn hinders the 
movement of free radicals. 

 

 
Fig. 3  Effect of concentration of DMAM on graft copolymerization 
[AG] = 1.0 g/L, [PMS] = 10 × 10−3 mol/L, [H+] = 4 × 10−3 mol/L, [Sarbose] = 1.8 × 10−3 mol/L; 
Temp. = 35°C; Time = 120 min 

Effect of Temperature 
The results obtained are summarized in Table 3 at different temperatures and it is observed that on changing the 
temperature from 25°C to 45°C, the grafting parameters increase up to 40°C and then decrease. The increment in 
grafting parameters up to 40°C is attributed to the increase in the formation of active sites on account of enhanced 
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production of primary free radicals with increase in temperature. 
The decrement in grafting parameters could be explained as follows: (1) It may be due to the premature 

termination of growing grafted chains by excess free radicals at higher temperature. (2) The increase in temperature 
may lead to the decomposition of PMS into −

4HSO , H2O and O2. Since O2 acts as a scavenger for free radicals, 
which reacts with primary free radicals thereby lowering the free radical concentration. 

 
Table 3. Effect of reaction temperature on graft copolymerization 

Temprature (°C ) G (%) E (%) A (%) C (%) H (%) 
25 
30 
35 
40 
45 

159.5 
169.5 
188.0 
239.2 
220.6 

54.0 
54.9 
65.3 
66.7 
68.5 

61.5 
62.9 
65.3 
70.5 
68.8 

13.1 
14.1 
14.3 
17.4 
14.9 

46.0 
45.1 
34.7 
33.3 
31.5 

[AG] = 1.0 g/L, [PMS] = 10 × 10−3 mol/L, [DMA] = 15 × 10−2 mol/L, [H+] = 4 × 10−3 mol/L; 
[Sarbose] = 1.8 × 10−3 mol/L; Time = 120 min 

Effect of Time 
To investigate the effect of time on graft copolymerization, the reaction has been carried out by varying the duration 
of reaction from 60 min to 180 min. The results are given in Table 4. It is found that grafting ratio, add on, 
conversion and efficiency increase from 60 min to 150 min, and thereafter, these parameters decrease. This is 
attributed to propagation of grafting chains which takes place due to availability of more active species, which 
account for the higher grafting. On further increasing the time interval beyond 150 min, all the active sites get 
exhausted as the mutual annihilation of growing grafted chains occurs, so that grafting parameters decrease. 

 
Table 4. Effect of reaction time on graft copolymerization 

Time (min) G (%) E (%) A (%) C (%) H (%) 
60 
90 
120 
150 
180 

165 
173 
188 
256 
240 

55.8 
56.7 
65.3 
68.5 
67.0 

62.3 
63.4 
65.3 
71.9 
70.6 

13.2 
13.8 
14.3 
18.4 
17.4 

44.2 
43.4 
34.7 
31.5 
33.1 

[AG] = 1.0 g/L,  [PMS] = 10 × 10−3 mol/L, [DMA] = 15 × 10−2 mol/L, [H+] = 4 × 10−3 mol/L;  
[Sarbose] = 1.8 × 10−3 mol/L; Temperature = 35°C 

Mechanism 
A tentative mechanism has been proposed on the basis of results obtained. Initially sarbose reacts with PMS 
(KHSO5) to give primary free radicals R• (sarbose radical) and sulphate ion radicals.  

 

 
These radicals abstract hydrogen atom from the alginate molecules (AOH) to produce radicals of alginate 

(AO•). The monomer molecules, which are in close vicinity of the reaction sites, become acceptors of radicals of 
alginate resulting in chain initiation and thereafter themselves become free radical donors to neighboring 
molecules. In this way grafted chain grows. These grafted chains terminate by coupling to give graft copolymer. 
The tentative mechanism of graft copolymerization is similar to that in our previous paper[5]. 

Evidence of Grafting 
IR spectra of alginate and AG-g-PDMAM are shown in Fig. 4. On comparing the IR spectra of alginate and AG-
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g-PDMAM, a band at 3452.3 cm−1 is due to OH stretching vibration in the spectrum of alginate. It is observed 
that there are variation in intensity of OH stretching vibration and shifting of this peak from 3452.3 cm−1 to 
3454.4 cm−1 in the spectrum of graft copolymer respectively, indicating the participation of hydroxyl groups in 
chemical reaction. The graft copolymerization is further confirmed by characteristic absorption bands of 
tertiary amide at 1638.7 cm−1 due to      C＝O stretching vibration, and at 1113.1 cm−1 due to ―CN stretching 
vibration of monomer molecule respectively. The appearance of additional peaks in spectrum of graft 
copolymer and shifting of OH stretching vibration band of alginate showed that grafting might have taken place 
on OH sites of alginate.  

 
Fig. 4  IR spectra of (a) alginate and (b) AG-g-PDMAM 

Thermogravimetric Analysis 
Thermogravimetric analysis curve of alginate is presented in Fig. 5. The 0.4% weight loss at 71.4°C might be 
due to loss of absorbed water. It starts to degrade at 100.0°C. The polymer decomposition temperature (PDT) 
was found to be at 200.0°C. The rate of weight loss increases with increase at temperatures from 200.0°C to 
250.0°C and attains a maximum value at about 252.8°C. Tmax, temperature at which maximum degradation 
occurred, is 211.3°C which is also confirmed by the peak appeared in differential thermal analysis curve (DTA) 
of alginate (Fig. 6). The final decomposition temperature (FDT) and integral procedural decomposition 
temperature (IPDT) were found at 900.0°C and 267.3°C respectively. But in case of AG-g-PDMAM, the weight 
loss 2.2% at about 50°C might be due to loss of absorbed water. The PDT was found at 160°C. AG-g-PDMAM 
(Fig. 5) shows three step degradations. It is found that degradation of AG-g-PDMAM starts at about 100°C 
temperature (Fig. 6). The rate of weight loss increases with increase in temperature from 105°C to 150°C and 
thereafter decreases and attains maximum at about 200°C. First Tmax at 200°C is due to elimination of COO− 
groups which is also confirmed by a peak appeared in DTA curve of alginate (Fig. 6). The second Tmax at 
394.9°C is due to elimination of N(CH3)2 groups, confirmed by a peak appeared at about 432.5°C in DTA curve. 
The third Tmax at 452.2°C is due to elimination of CO molecule from pendent chains attached to alginate 
(Scheme 1). The IPDT and FDT were found at about 289.8°C and 1100°C respectively. On comparing the 
thermograms of parent backbone (alginate) and AG-g-PDMAM, it is observed that the final decomposition and 
integral procedural decomposition temperatures are found to be higher for graft copolymer. This indicates that 
the graft copolymer is thermally stable than the backbone. 
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Fig. 5  Thermogravimetric curves of (a, a′) alginate and (b, b′) AG-g-PDMAM 

 

 
Fig. 6  Differential thermal curves of (a, a′) alginate and (b, b′) AG-g-PDMAM 
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Scheme 1  Schematic presentation of degradation steps of graft copolymer 

Swelling Behavior of AG-g-PDMAM 
An increase in weight of graft copolymer was recorded by performing swelling test. The results are 
summarized in Table 5, which indicates that swelling ratio and swelling per cent depend on the concentration 
of monomer used for grafting. Since DMAM is a hydrophilic monomer, it increases the water retention 
capacity of the graft copolymer. On increasing the concentration of DMAM grafting is increased, which may 
result in coiling network of PDMAM, thus imbibes more water. The amide group of substrate and a 
hydrophilic monomer, both factors are responsible for good swelling capacity of the graft copolymer. The 
swelling per cent is increased with increasing percent grafting because with increasing DMAM concentration, 
pendant chains of PDMAM grows thereby the swelling capacity of the graft copolymer increases. 

 
Table 5. Swelling capacity of AG-g-PDMAM with different DMAM contents 

Sample code [DMAM] × 102 (mol/L) G (%) Ps Sr 
A 7 179 390 3.9 
B 11 181 480 4.8 
C 15 188 610 6.1 
D 19 250 720 7.2 
E 23 220 580 5.8 

[AG] = 1.0 g/L, [PMS] = 10 × 10−3 mol/L, [H+] =  4 × 10−3 mol/L, [Sarbose] = 1.8 × 10−3 mol/L; 
Temperature = 35°C; Time = 120 min 
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Metal Ion Sorption Behavior of Alginate and AG-g-PDMAM  
The results of sorption behavior of alginate and AG-g-PDMAM were determined in terms of percent ion uptake 
(Pu), partition coefficient (Kd) and retention capacity (Qr). The results are given in Table 6. It is observed that the 
values of Pu, Kd and Qr increase directly as the percent grafting increases, which might be due to the fact that as 
grafting increases, the sorption sites for metal ions are increased due to availability of additional functional 
groups of grafted DMAM, and increment in sorption capacity takes place due to the incorporation of the pendant 
chain of PDMAM, so greater the grafting, greater will be the sorption of metal ion. Results also show that Pb2+ 
was least uptakable in comparison with Zn2+ and Ni2+ metal ions. 

 
Table 6. Metal ion sorption behavior of alginate and graft copolymer samples 

Sample [DMA] × 102 

(mol/L) G (%) 
Partition coefficient 

(Pu) 
Partition coefficient 

(Kd) 
Retention capacity 

(Qr) 
Pb2+ Ni2+ Zn2+ Pb2+ Ni2+ Zn2+ Pb2 Ni2+ Zn2+ 

Alginate   3.1 5.1 4.3 16.4 24.1 19.5 2.8 3.5 3.2 
A 7 179 4.5 8.0 7.8 21.2 41.5 31.5 3.8 4.8 4.0 
B 11 181 5.8 10.5 9.2 43.6 49.3 49.5 4.5 5.7 5.6 
C 15 188 7.3 11.5 10.1 49.6 56.8 53.6 5.1 6.2 5.8 
D 19 250 10.3 16.5 13.5 51.3 61.5 57.2 5.8 6.8 6.0 
E 23 220 11.7 19.2 16.4 56.6 69.9 60.3 5.6 7.4 5.9 

[AG] = 1.0 g/L, [PMS] = 10 × 10−3 mol/L, [H+] = 4 × 10−3 mol/L, [Sarbose] = 1.8 × 10−3 mol/L; 
Temperature = 35°C; Time = 120 min 

Flocculating Properties 
Plots of supernatant turbidity versus polymer dosage for coking and non-coking coals are given in (Fig. 7). It is 
found that AG-g-PDMAM gives better performance by showing lower turbidity than alginate itself. This 
phenomenon could be explained by considering bridging mechanism[22, 23]. In grafted copolymer, the dangling 
PDMAM chains have better approachability to the contaminant coal particles and hence increase the 
flocculation capability. The difference in turbidity value in coking coal and noncoking coal in coal suspension is 
due to difference in negative charge density, which is higher for non-coking coal in aqueous solution[24]. For 
flocculation properties there are few recent reports available about the graft copolymers of alginate[25−27].Thus, 
by grafting of PDMAM onto alginate, efficient flocculants have been obtained and it could be used for the 
treatment of coal wastewater. 

 
 

Fig. 7  Effect of polymer dosage on turbidity for coking coal and non coking coal*  

CONCLUSIONS 

The thermal data show that the synthesized graft copolymer is thermally more stable than the pure alginate. The 
synthesized graft copolymer i.e. AG-g-PDMAM shows better results for swelling and flocculating properties in 
comparison with alginate, this could be interpreted that the graft copolymer shows the enhancement in these 
properties. The spectroscopic data confirm that the grafting of DMAM might have taken place at hydroxyl groups, 
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which is supported by a tentative mechanism suggested for grafting. The thermal analysis data show that the graft 
copolymer, a hybrid material in which properties of monomer is added by grafting, could be exploited very well 
industrially. 
 
ACKNOWLEDGEMENT  Authors thankfully acknowledge to UGC, New Delhi.  
 
 
REFERENCES 
 
1 Wang, L.Q., Tu, K., Li, Y., Zhang, J., Jiang, L. and Zhang, Z., React Funct. Polym., 2002, 53: 19 
2 Chan, C., Thompson, I., Robinson, P., Wilson, J. and Hench, L., Int. J. Oral Maxillofacial Surg., 2002, 31: 73 
3 Krishmoorthi, S., Mal, D. and Singh, R.P., Carbohydr. Polym., 2007, 69: 371 
4 Mishra, D.K., Tripathy, J. and Behari, K., Carbohydr. Polym., 2008, 71: 524 
5 Tripathy, J., Mishra, D.K., Yadav, M., Sand, A. and Behari, K., J. Appl. Polym. Sci., 2009, 114(4): 3896  
6 Laurienzo, P., Malinconico, M., Motta, A. and Vicinanza, A., Carbohydr. Polym., 2005 62: 274 
7 Hua, S.B. and Wang, A.Q., Carbohydr. Polym., 2009, 75: 79  
8 Young, H.L., Kim, J.S. and Kim, H.D., Key Eng. Mater., 2005, 277-279: 450  
9 Tripathy, T. and Singh, R.P., Eur. Polym. J., 2000, 36: 1471 
10 Yoshimura, T., Matsunaga, M. and Fujioka, R., e-Polym., 2009, 080 
11 Liu, Y.H., Yang, L.Y., Li, J.B. and Shi, Z.Q., J. Appl. Polym. Sci., 2005, 97: 1688  
12 McNeely, W.H. and Pettitt, D.J., “Algin”, In “Industrial gums”, ed. by Whistler RL, Academic Press, NewYork, 1973, 

p.49 
13 Philipp, B., Bock, W. and Schierbaum, F., J. Polym. Sci. Polym. Symp., 1979, 66: 8 
14 Kataoka, K., Miyazaki, H., Okano, T. and Sakurai, Y., Macromolecules, 1994, 27: 1061 
15 Mc Cormick, C.L. and Chen, G.S., J. Appl. Polym. Sci., Part A: Polym. Chem., 1984, 22(12): 3633 
16 Aoki, T., Kawashima, M., Katono, H., Sanui, K., Ogato, N., Okano, T. and Sakurai, Y., Macromolecules, 1994, 27: 947 
17 Fanta, G.F., “Properties and applications of graft and block copolymers of starch”, In “Block and graft 

copolymerization”, ed. by Ceresa, R.J., Wiley-Inter Science, NY/London, England, 1973, p.29 
18 Abd EL-Rehim, H.A., Hegazy EL-Sayed, A. and Ali, A.M., J. Appl. Polym. Sci., 2000, 76: 125 
19 Rivas, B.L., Maturana, H.A., Molina, M.J., Gomez-Anton, M.R., and Pierola, I.F., J. Appl. Polym. Sci., 1998, 67: 1109 
20 Mishra, D.K. and Tripathy, J., Carbohydr. Polym., 2008, 71: 524 
21 Das, R., Agrawal, U. and Behari, K., Polymer, 1993, 34(21): 4557 
22 Deshmukh, S.R., Singh, R.P. and Chaturvedi, P.N., J. Appl. Polym. Sci., 1985, 30: 4013 
23 Bratby, J., “Coagulation and flocculation”, Uplands Press Ltd, Croydon, UK, 1980, Chap. 8 
24 Gregory, J., “Polymer flocculation in flowing dispersions”, ed. by Tadros, T.F., Academic Press, London, 1982, p.301 
25 Tripathy, T., Karmaker, C.N. and Singh, R.P., J. Appl. Polym. Sci., 2001, 82: 375 
26 Biswal, D.R. and Singh, R.P., J. Appl. Polym Sci., 2004, 94: 1480   
27 Tripathy, T. and Singh, R.P., J. Appl. Polym. Sci., 2001, 81: 3296 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


