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Abstract: In this study the adsorption of iron, and cadmium by modifying polyacrylamide was investigated. Amino 
groups have been introduced to enhance the activity of polyacrylamide using ethylenediamine. Metals uptake results 
showed that, high adsorption rates at the beginning of measurements followed by adsorption equilibrium, which is 
gradually reached within 100 min. The effect of the PH on the adsorption process was also investigated. Results 
showed that, changing the pH value from the normal case 1.5 to higher value 7, has increased the adsorption rates of 
the metals, so higher metals uptake were gained.  
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1. Introduction 

Increasing the activity of polymeric materials by 
introducing different functional groups has attracted 
high interest recently (Kenawy et al., 1998). In this 
context, removal of heavy metals using chelating 
polymers have been reported extensively (Al-
Qahtani, 2012; El-Toony, 2011; Beatty et al., 1999; 
Chen et al., 1999; Amoaw et al., 2009; Bessbousse 
et al., 2012; El-Dessouky et al., 2012). Heavy metals 
are released into the environment in a number of 
different ways, and affect ecological life owing to 
their tendency to accumulate in living organisms and 
their acute and long term toxicity (Fu & Wang, 
2011). 

These Heavy metals are found in a variety of 
industrial wastewater, including planting, chemical, 
fly ash, blast furnace slag, petrochemical, sludge 
paint and pigment manufactures as well as most 
others to a lesser extent (Ahmaruzzman, 2011). 
Heavy metals such as mercury, lead, copper, arsenic 
and cadmium are highly toxic metals when absorbed 
into the body (Denizli et al., 2000). “They represent 
a major hazardous waste in the environment since 
they can be taken into the body through the 
pulmonary system from the contaminated air or 
cigarette smoke or via the digestive system through 
water or food contamination from plant metal 
uptake” (Saǧlam et al, 2001; Al-Saleh et al., 2011; 
Jin et al., 2013). The presence and accumulation of 
heavy metals in the human body may cause 
accumulative poisoning, cancer, brain damage…,etc 
(Hutton & Symon, 1986; Khlifi et al., 2013). 

In this study we report the modification of 
Polyacrylamide by grafting with ethylene diamine. 
And examine the produed modified compound for the 
removal of Fe (III), and Cd(II) from water under 
equilibrium conditions. 
 
2. Material and Methods  
1.1 Materials:  
Polyacrylamide (PA), Ethylenediamine (EDA), 
Absolute methanol, Iron(III)nitrate(1N), and 
Cadmium(II)nitrate (1N) were purchased from 
Aldrich, U.S.A. 
  Experimental: 
1.1.1 Modification of polyacrylamide (P 1) with 
ethylenediamine: 

In atypical procedure (Kenawy et al., 2006), 
42.3 g of Ethylenediamine in 50 ml methyl alcohol, 5 
g of poly acrylamide (P1) was added stepwise with 
stirring in 250 ml round bottled flask. After the 
addition was completed, the system was fitted to 
reflux at 80 oC for two days with continuous stirring. 
The modified polyacryamide (P2) was filtered off, 
washed five times with methyl alcohol to remove the 
unreacted ethylenediamine. The product (P 2) was 
collected as a white powder and dried in vacuum 
oven at 40 oC overnight. The yield was 4.557 g 
(56.75 % yields) as a white powder (cf. Scheme 1). 

The product was characterized by elemental 
microanalysis and IR spectroscopy. This modified 
polymer was used in metal adsorption studies. Also, 
the product was characterized by X-Ray Diffraction 
pattern and DTA. TGA analyses for the modified 
polymer were obtained before and after gamma 
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radiation to study the effect of radiation on the 
prepared polymer. 
1.1.2 Iron (III) adsorption studies:  

25 ml of aqueous solutions containing 6 mg / l 
of Fe+3 nitrate were treated with 6 mg of the polymer 
under study (8 Polymers were used for this study), 
 (at pH of 2.5 " adjusted with HNO3 – NaOH " at the 
beginning of the experiment and not controlled 
afterwards) at room temperature, in flasks with 
stirring. The concentration of Fe+3 ions in the 
aqueous phase, after the desired treatment periods 
(20, 40, 60, 80, 100 min) was measured by using an 
atomic absorption spectrophotometer at a wavelength 
of 248.3 nm. The instrument response was 
periodically checked with a known metal solution 
standards which is Fe+3 - nitrate (2, 4, 8 ppm). This 
application was done at different pH values 1.5, 2.5, 
7 and 11 to study also the effect of pH value on the 
amount of the metal adsorbed on the polymer. The 
adsorption rates of Fe(III) by the polymers at the 
concerned pH value are plotted as shown in figures 5, 
and 6.   
1.1.3 Cadmium (II) adsorption studies: 

25 ml of aqueous solutions containing 6 mg / l 
of Cd+2 nitrate were treated with 6 mg of the 
polymer under study (8 Polymers were used for this 
study), (at pH of 2.5 " adjusted with HNO3 – NaOH " 

at the beginning of the experiment and not controlled 
afterwards) at room temperature, in flasks with 
stirring. The concentration of Cd+2 ions in the 
aqueous phase, after the desired treatment periods 
(20, 40, 60, 80, 100 min) was measured by using an 
atomic absorption spectrophotometer at wavelength 
of 228.8 nm. The instrument response was 
periodically checked with known metal solution 
standards Cd+2 nitrate (2, 4, 8 ppm.). This 
application was done at different pH values 1.5, 2.5, 
7 and 11 to study also the effect of pH value on the 
amount of the metal adsorbed on the polymer. The 
adsorption rates on Cd(II) by the polymers at the 
concerned pH value are plotted as shown in figures 7, 
and 8 
 
3. Results and Discussion 
1.1 Materials Characterization: 

The modification of the polyacrylamide with 
ethylenediamine was carried out to improve the 
activity of the polyacrylamide by introducing free 
amino group. The amine modified product polymer 2 
(P2) and also the main substance polyacrylamide (P1) 
were characterized by elemental analysis, IR- 
spectroscopy and TGA analysis. The product and the 
main polymer were applied to study the adsorption of 
metals from solutions. 

 
 

Polyacrylamide          Ethylenediamine                            Modified Polyacrylamide

P 1                                                                   P 2

(MPA)

CH2 -( CH )
n

CO NH2

+ H2N-CH2- CH2 NH2- CH2 -( CH )
n

CO N

H

-CH2- CH2 NH2-

 
Scheme 1: Modification of polyacrylamide (p1) with ethylenediamine 

 
The elemental analysis for P1 and P2 are as shown in Table (1). It seems in a good agreement with the 

calculated values. 
 

Table 1. Elemental microanalysis for polymers. 
Calc.* = Calculated % 

N % H % C % Polymer 
code Found Calc. Found Calc. Found Calc.* 

18.57 19.24 7. 7 7.04 49.46 50.7 P1 
22.76 24.56 8.07 8.77 50.91 52.63 P2 

 
Figure 1 shows the IR spectrum of P1, the peak 

at 3400 cm-1 indicate the presence of stretched amine 
-NH, the peak at 1650 cm-1 indicate the presence of 
stretched amide group (-C = O), also, stretched C-H 
was indicated by the peak at 2900 cm-1. The IR 
spectrum of P2, figure 2, shows a peak at 3500 cm-1 

which indicate the presence of stretch amide -NH that 
indicate the formation of the condensation reaction. 
The peak at 1650 cm-1 indicate the presence of 
stretched amide group (-C = O). Also, stretched C-H 
was indicated by the peak at 2900 cm-1. 
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Figure 1: The IR spectrum of Polyacrylamide 
 

 
Figure 2: The IR spectrum of modified 
Polyacrylamide 
 

The TGA thermogram in a nitrogen atmosphere 
for polymer 1 (P1) is shown in figure 3. It is 
suggested that in the initial stage of thermogram the 
weight loss at 31.07 - 86.98 °C is due to the loss of 
humidity water contained in a such hydrophilic 
polymer, and the weight loss at 88.37 - 233.62 °C is 
due to the loss of the water of crystallinity. At the 
second stage 235.52 - 555.42 °C, the weight loss is 
due to the loss of the side groups and branches of the 
polymer. However, at the third stage 556.86 - 638.20 
°C, “the weight loss may be due to the main chain 
scission in the polymer chain and matrices. Heating 
the polymer to higher temperature than 638.20 °C, 
results in rapid decomposition to carbon oxide and 
volatile hydrocarbons” (Abd El-Aal et al., 2005). 

  

 
Figure 3: TGA Thermogram of Polyacrylamide 
 

Figure 4 shows the TGA thermogram in 
nitrogen atmosphere for polymer 2 (P2). It is 
suggested that in the initial stage of thermodiagram 
the weight loss at 23.05 - 102.20 °C is due to the loss 
of humidity water content, and the weight loss at 
102.20 - 202.54 °C is due to the loss of the water of 
crystallinity. At the second stage 203.56 - 437.61 °C, 
the weight loss is due to the loss of the side groups 
and branches of the polymer. However, at the third 
stage 438.17 - 674.35 °C, “the weight loss may be 
due to the main chain scission in the polymer chain 

and matrices. Heating polymer at higher temperature 
than 674.35 °C results in rapid decomposition to 
carbon oxide and volatile hydrocarbons” (Abd El-
Aal et al., 2005). 
 

 
Figure 4: TGA Thermogram of modified 
Polyacrylamide 
 
 
1.1 Metal uptake for various polymers:  

The complexing behavior of the polymers was 
investigated on three different metal ions Fe (III), Cd 
(II). Adsorption of metal ions from aqueous solutions 
was investigated in batch experiments. The polymer 
was added to the metal solution of known 
concentration (6 ppm). The concentration of the 
metal ions in the aqueous phase, after the desired 
treatment periods (20, 40, 60, 80, and 100 min) was 
measured by using an atomic absorption 
spectrophotometer at suitable wavelength. The 
instrument response was periodically checked with 
known metal solution standards. The experiments 
were performed in replicates with changing the pH 
value (adjusted with HNO3 – NaOH). As discussed 
in details by several researchers (Denizil et al., 1996; 
Denizil et al., 1997; Denizil et al., 2000), the heavy 
metal ions complexation behavior is more sensitive to 
pH changes. The low or inhibition of metal chelation 
with a decrease in pH was attributed to the 
competition of both of metal ions and protons and 
metal ions towards the same binding sites. On the 
other hand, it was reported that, the adsorption 
capacities increased with increasing pH. It was also 
reported that, “the high adsorption at higher pH 
values implies that metal ions interact with amino 
(unprotonated) groups by chelating” (Denizil et al., 
2000). 

It was found in general, that changing the pH 
value from the normal case 1.5 to higher value 7, has 
increased the adsorption rates of the metals, so, 
higher metals uptake were gained. The high 
difference between the adsorption rate in the two pH 
values 1.5 and 7 showed the importance of the pH 
value to increase or decrease the adsorption rate of 
the metal by the polymer. But changing the pH value 
to higher value 7, leads either to decrease the 
adsorption rates of the metals towards the polymers, 
or to precipitate the metal in the solution in some 
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cases. Higher pH values than 7 leads to precipitate 
the metal in the solution. In some cases, the 
adsorption rates of the metals by the polymers were 
not affected by changing the pH value. 

The adsorption rates of Fe (III) by polymers 1, 
and 2 as a function of time of the concerned pH value 
are plotted as shown in figure 5, and 6, respectively. 
The initial slopes of these curves reflect the 
adsorption rates. In the most cases, results showed a 
high adsorption rates at the beginning of 
measurements followed by adsorption equilibrium, 
which is gradually reached within 100 min (Saǧlam 
et al, 2001). 

Fe+3 uptakes by both polymers were clearly 
affected by changing the pH value. At pH 1.5 less 
metal was adsorbed by both of polymer 1 and 
polymer 2, whereas at pH 7 more metal was adsorbed 
from the solution. On the other hand, it was noticed 
that higher pH value leads to precipitate the metal in 
the solution. Thus, the order of Fe+3 uptakes by 
polymer 1 according to pH value is as follows: 
Fe+3 uptake at pH 7 > Fe+3 uptake at pH 2.5 > 
Fe+3 uptake at pH 1.5 

 
On the other hand data depicted from both 

figures shows that, modified polymer has a higher 
uptake value for Fe metal ions compared to 
unmodified one. 

 
 

 
Figure 5: Effect of the pH value on the amount of Fe 
metal uptaked by P 2 
 

 
Figure 6: Effect of the pH value on the amount of Fe 
metal uptaked by P 1 
 
 

The adsorption rates of Cd (II) by the polymers 
as a function of time at the concerned pH value are 
plotted as shown in figure 7, and 8. The initial slopes 
of these curves reflect the adsorption rates. In the 
most cases, results showed a high adsorption rates at 
the beginning of measurements followed by 
adsorption equilibrium, which is gradually reached 
within 100 min. Also there are different selectivities 
of Cd (II) towards the different polymers (Saǧlam et 
al, 2001). 

Cadmium (II) adsorption studies at pH 2.5, 1.5, 
and 7, respectively, with various polymers are 
discussed below: 

As shown in figures 7, and 8, Cd+2 uptakes by 
polymer 1 and polymer 2 were clearly affected by 
changing the pH value. By changing the pH value 
from 1.5 to 2.5, the adsorption rates increased to give 
better results of adsorption. However, changing the 
pH value to 7 leads to precipitate the metal in the 
solution. Thus, the order of Cd+2 uptakes by both 
polymers according to pH value is as follows: 
Cd+2 uptake at pH 1.5 > Cd+2 uptake at pH 2.5 

 
On the other hand data depicted from both 

figures shows that, modified polymer has a higher 
uptake value for Cd metal ions compared to 
unmodified one. 
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Figure 7: Effect of the pH value on the amount of Cd 
metal uptaked by p2 
 
 

 
Figure 8: Effect of the pH value on the amount of Cd 
metal uptaked by p1 
 
 
4. Conclusion  

In this study amino groups has been introduced 
to polyacrylamide polymer chains by grafting with 
ethylene diamine compound. The produced modified 
polymer has been characterized with different 
techniques such as elemental analysis, TGA, and IR 
techniques to show the differences before and after 
grafting. The modified polymer showed a higher 
tendency to remove heavy metals in particular to 
have a complexion behavior with Fe (III), and Cd (II) 
metal ions. 
 
 

Acknowledgements:  
The authors extend their appreciation to the 

Deanship of Scientific Research at King Saud 
University for funding the work through the research 
group project No RGP-VPP-227 
 
Corresponding Author: 
Prof. El-Refaie Kenawy 
1Department of Chemistry, Polymer Research Group, 
Faculty of Science, University of Tanta, Tanta 31527, 
Egypt  
E-mail: ekenawy@yahoo.com  
 
References 
1. Ahmaruzzaman M. Industrial wastes as low-cost 

potential adsorbents for the treatment of 
wastewater laden with heavy metals. Advances 
in Colloid and Interface Science 2011; 166: 36-
59. 

2. Al-Qahtani KM. Biosorption of Cd+2 and Pb+2 
on Cyperus laevigatus: application of factorial 
design analysis. Life Science Journal 2012; 
9(4):860-868. 

3. El-Toony MM, Abdel-Geleel M, Aly RO, and 
Ali HF. Removal of Ag+, Co++ and Cs+ From 
Wastewater Using Porous Resin Blend 
(Epoxy/PVA). Nature and Science 2011; 
9(2):82-89. 

4. Al-Saleh I, Shinwari N, Mashhour A, Mohamed 
GED, Rabah A. Heavy metals (lead, cadmium 
and mercury) in maternal, cord blood and 
placenta of healthy women. International 
Journal of Hygiene and Environmental Health 
2011; 214: 79-101. 

5. Abd El-Aal SE, Hegazy EA, AbuTaleb MF, 
Dessouki AM. Radiation synthesis of 
copolymers for adsorption of dyes from their 
industrial wastes. Journal of Applied Polymer 
Science 2005; 96: 753-763. 

6. Amoyaw PA, Williams M, Bu XR. The fast 
removal of low concentration of cadmium(II) 
from aqueous media by chelating polymers with 
salicylaldehyde units. Journal of Hazardous 
Materials 2009; 170: 22-26. 

7. Beatty ST, Fischer RJ, Hagers DL, Rosenberg 
E. A Comparative Study of the Removal of 
Heavy Metal Ions from Water Using a 
Silica−Polyamine Composite and a Polystyrene 
Chelator Resin. Industrial & Engineering 
Chemistry Research 1999; 38: 4402-4408. 

8. Bessbousse H, VerchÃ¨re J-Fo, Lebrun L. 
Characterisation of metal-complexing 
membranes prepared by the semi-
interpenetrating polymer networks technique. 
Application to the removal of heavy metal ions 

0 20 40 60 80 100

-10

0

10

20

30

40

50

60

70

M
e
ta

l U
p
ta

k
e
 R

a
ti
o
 (

%
)

Time (min)

 pH 2.5
 pH 1.5

0 20 40 60 80 100

0

10

20

30

40

50

60

 pH 2.5
 pH 1.5

M
e
ta

l U
p
ta

ke
 R

a
tio

 (
%

)

Time (min)



Life Science Journal 2013;10(4)    http://www.lifesciencesite.com 

 

1797 

from aqueous solutions. Chemical Engineering 
Journal 2012; 18:, 16-28. 

9. Chen C-Y, Chiang C-L, Chen C-R. Removal of 
heavy metal ions by a chelating resin containing 
glycine as chelating groups. Separation and 
Purification Technology 2007; 54: 396-403. 

10. Denizli A SB, Piskin E. Alkali blue 6B-attached 
poly(EGDMA-HEMA) microbeads for removal 
of heavy-metal ions. REACTIVE & 
FUNCTIONAL POLYMERS 1996; 29: 11-19. 

11. Denizli A, Özkan G, Arica MY. Preparation and 
characterization of magnetic 
polymethylmethacrylate microbeads carrying 
ethylene diamine for removal of Cu(II), Cd(II), 
Pb(II), and Hg(II) from aqueous solutions. 
Journal of Applied Polymer Science 2000; 78: 
81-89. 

12. Denizli SB, Piskin E. New sorbents for removal 
of heavy metal ions: diamine-glow-discharge 
treated polyhydroxyethylmethacrylate 
microspheres. Journal Of Chromatography 
1997; A 773: 169-178. 

13. Saǧlam A, Bektaş S, Patır S, Genç Ö, Denizli A. 

Novel metal complexing ligand: 
thiazolidinecarryingpoly(hydroxyethylmethacryl
ate) microbeads for removal of cadmium(II) and 
lead(II) ions from aqueous solutions. 
REACTIVE & FUNCTIONAL POLYMERS 
2001; 47: 185-192.  

14. El- Dessouky M I, El- Masry E H, Hassan H S 
and El- Shahat M F. Adsorpative features of 
polyacrylamide- bentonite and zeolite 
composites for Cs+ and Co2+. Life Science 
2012;9(1):1015-1024.  

15. Fu F, Wang Q. Removal of heavy metal ions 
from wastewaters: A review. Journal of 
Environmental Management 2011; 9: 407-418. 

16. Hutton M, Symon C. The quantities of 
cadmium, lead, mercury and arsenic entering the 
U.K. environment from human activities. 
Science of The Total Environment 1986; 57: 
129-150. 

17. Jin L, Zhang L, Li Z, Liu J-m, Ye R, Ren A. 
Placental concentrations of mercury, lead, 
cadmium, and arsenic and the risk of neural tube 
defects in a Chinese population. Reproductive 
Toxicology 2013; 35: 25-31. 

18. Kenawy E-R, Abdel-Hay FI, El-Magd 
AA,Mahmoud Y. Synthesis and antimicrobial 
activity of some polymers derived from 
modified amino polyacrylamide by reacting it 
with benzoate esters and benzaldehyde 
derivatives. Journal of Applied Polymer Science 
2006; 99: 2428-2437. 

19. Kenawy E-R, Abdel-Hay FI, El-Shanshoury 
AE-RR, El-Newehy MH. Biologically active 
polymers: synthesis and antimicrobial activity 
of modified glycidyl methacrylate polymers 
having a quaternary ammonium and 
phosphonium groups. Journal of Controlled 
Release 1998; 50: 145-152. 

20. Khlifi R, Olmedo P, Gil F, Hammami B, 
Chakroun A, Rebai A, Hamza-Chaffai A. 
Arsenic, cadmium, chromium and nickel in 
cancerous and healthy tissues from patients with 
head and neck cancer. Science of The Total 
Environment 2013; 452-453: 58-67. 

 
 

 
 
7/1/2013 


