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Abstract-- The superabsorbent hydrogels (SAH) gained a high consideration over the last decades due to their wide 
applications in the fields of agriculture, medicine, industrial wastewater treatments and tissue engineering. Potassium 
persulfate induced polymerizationof acrylic acid / acrylate in the presence of iron and copper nanoparticles solutions and 
N,N'-methylenebisacrylamide(MBA)  as a crosslinkingagent have been used to prepare these superabsorbent 
hydrogels(SAH).Nano Fe and Nano Cu have been prepared by anodization and detached into 0.5 M KOH solution. The 
prepared copper and iron nanoparticles embedded in Acrylic acid/Acrylate superabsorbent hydrogel have been characterized 
using TEM, SEM, EDX analysis and conductivity measurements.TEM micrographs revealed the presence of both iron and 
copper nanoparticles within the SAH matrixes. Size distribution of Fe and Cu nanoparticles embedded in SAH was found to 
be in the range of 7 –50 nm and 3 - 26 nm, respectively. While the number of copper nanoparticles are less than those of iron 
nanoparticles. The conductivity has been ameliorated 3.03 mS for SAH ,  4.9 mS and 3.64 mS for SAH loaded with Fe and 
Cu nanoparticles, respectively. 
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I. INTRODUCTION 
 
Superabsorbent hydrogel (SAH) products constitute a 
group of polymeric materials, the hydrophilic 
structure of which renders them capable toabsorb and 
retain huge amounts of water or aqueous solutions in 
their three dimensional networks. Extensive 
employment of these products in a number of 
industrial and environmental areas of application is 
considered to be of prime importance.  
In particular, superabsorbent hydrogels are 
considered to be a class of macromolecular gels, 
obtained by chemical stabilization of hydrophilic 
polymers in a tridimensional network, in which the 
dispersed phase is water, present in substantial 
quantity [1]. Some superabsorbent polymer gels, also 
known as hydrogels or water crystals, have attracted 
enormous attention from a large community of 
researchers belonging to a wide variety research and 
development areas, due to their immense potential for 
application in a number of ways [2]. Hydrogels have 
plenty of applications in agriculture, horticulture, 
drug delivery, medicine, contact lenses, industrial 
wastewater treatments, artificial snow and tissue 
engineering [2-4]. Theseproducts may be used in 
sensing applications in which the swelling or de-
swelling of the material is converted via a transducer 
into a measurable signal [5]. The sensitivity of 
hydrogels to a large number of chemical and physical 
factors like temperature, light, electrical voltage, pH, 
ionic strength, biological, and chemical agents make 
them suitable for a broad range of applications [6]. 
Hydrogels, in conjunction with conducting polymers 
(CPs), form materials capable of undergoing 
chemical and/or physical transitions in response to 

appropriate electrical field stimuli [7]. It is possible to 
produce environmentally sensitive hydrogels, or the 
so-called intelligent’ hydrogels, whose physico–
chemical properties, such as surface topography and 
rheological properties, vary in response to specific 
environmental stimuli [8, 9]. 
Conducting polymers are polymers that inherently 
conduct electricity. They have received great 
attention over the last decade, with the development 
of numerous of publications since 1996. Research in 
this area has provided fundamental understanding of 
the chemistry, physics and material science of these 
materials and has supported the industrial 
development of conducting polymer products [10-
16].  
Recently, extensive research has been focused on the 
superabsorbent polymer for developing new 
applications, such as conducting materials, 
biomaterials, sensors, release matters and wave-
absorbing materials [17]. However, studies on 
conducting polymer (or hydrogel) based on the 
superabsorbent polymer are rather few. A conducting 
hydrogel could be used in fuel cells, super-capacitor, 
dye sensitive solar cell and rechargeable lithium 
batteries due to a number of reasons including better 
conductivity character, colloid stability, low cost and 
simple preparation[17-20].The application of solid or 
gel electrolytes to batteries and other electrochemical 
devices has attracted an increasing attention 
especially in terms of the reliability, safety, flexibility 
and processibility.Guinot et al. reported solid polymer 
electrolytes based on poly(ethylene oxide), KOH and 
water for alkaline batteries [21]. 
In a previous work, we successfully prepared an 
innovative nano-metal hydroxide superabsorbent 
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hydrogel via electro-deposition [22].  Conductivity 
measurements indicated an improvement in 
conductance of the resulting hydrogel due to 
incorporation with nanocopper and nanoiron 
hydroxides. 
The present work is based on a superabsorbent 
hydrogel (SAH), where a scheme for preparation of a 
conducting nanometalSAHis planned. In situ 
preparation of metal nanoparticles within SAH 
networks is undertaken. Thus, poly(acrylic 
acid/acrylate)superabsorbent hydrogel (PAAc/AC) 
has been obtained [22]. Nano porous anodic 
aluminum oxide AAO template has been prepared for 
the deposition of nano Fe and nano Cu, and then both 
of them have been separated by chemical detachment. 
PAAc/AC/nanoiron andPAAc/AC/nanocopper have 
beenprepared, the conductivity has been measured 
and comparedwith that of PAAc/AC. Distribution of 
the metal nanoparticles within the hydrogels using 
transmission electron microscopy(TEM) and surface 
morphology using scanning electron microscopy 
(SEM) have been thoroughly investigated. 
 
II. EXPERIMENTAL  
 
Materials and Methods 
The following reagents were used as laboratory grade 
chemicals and without further purification: Acrylic 
acid (AAc) in the monomeric form has been provided 
by Sisco Research Lab. Pvt. Ltd., India. N, 
N'methylenebisacrylamide (MBA) (crosslinking 
agent), potassium persulphate (KPS) (initiator) and 
potassium hydroxide (KOH) have been supplied by 
Sigma - Aldrich,Chemie, GmbH, Germany; 
potassium.  
(KOH) was provided by SDFCL, India. Preparation 
of nano iron and copper 
 
Preparation of nano iron and copper 
Anodic aluminum oxide (AAO) template has been 
prepared using two steps anodization methods. A 
matrix of ordered nano porous film has been formed 
and filled with nano Fe and Cu. Electro deposition of 
Fe and Cu ions of sulphate solutions has been 
occurred for the deposition of Fe and Cu ions into the 
nano porous alumina film, where electrolytic cell 
composed of working electrode and graphite 
electrode was employed. Detachment of nano iron 
and nano copper was carried out by immersion of a 
specified surface area of aluminum matrix (1cm2) 
into 0.5 M KOH solution, where thedetachment of 
nano Fe and nano Cu was occurred and nano metals 
dispersed throughout the solution with the equivalent 
weight. 
The net weight of Fe and Cu has been determined 
using Atomic Absorption technique, where 1 cm2 of 
alumina matrix covered with Fe or Cu were dissolved 
into 30% HCl. Then, the whole Fe and Cu have been 
dissolved in HCl solution and the concentration of 
each element was measured. Figure 1 shows SEM 

image of alumina matrix covered with Fe and the 
nanosizes of the pores in which the nano iron was 
formed. A matrix of ordered nano porous film has 
been formed and filled with nano wires of Fe. As 
shown in Figure 1 the nanopores have been found to 
be about 20 to 35nm.   

 
Preparation of polyacrylate superabsorbent polymer 
Preparation of polyacrylate superabsorbent polymer 
was carried out according to a modified procedure 
[22]. A mixed solution of acrylic acid monomer and 
potassium acrylate has been prepared by agitating the 
monomer with MBA in the presence of potassium 
hydroxide in distilled water and KOH solution 
containing nano metal (Iron or copper) under ambient 
conditions. Under a nitrogen atmosphere, the mixture 
solution has been stirred and heated to 80oC in a 
water bath for 15 minutes, followed by addition of the 
initiator. The reaction mixture has been kept under 
stirring for a few minutes to completethe 
polymerization reaction. 
 
III. Measurements and characterization 
 
Transmission electron microscopy (TEM) 
TEM images for the prepared superabsorbent 
hydrogel and nanometal hydrogel composites were 
recorded by a JEOL JEM-1230 electron microscope 
operating at an acceleration voltage of 100 kV. 
Specimens for TEM were prepared by placement of a 
swollen sample of superabsorbent hydrogel on a 400-
mesh copper grid and the evaporation of excess water 
in air at room temperature. 
Conductivity measurement 
Conductivity meter (AD31 & AD32 Waterproof 
EC/TDS Tester) was employedto measure the 
conductance of swollen SAH and SAH containing 
nanometals. 
 
Scanning electron microscopy (SEM and EDX) 
The morphology of the prepared dry SAH has been 
characterized using scanning electronic microscopy 
technique (Quanta fig. 250 micro analyzer) at 
National Research Centrecentral laboratory- 
Egypt.EDAX has been used to analyze the chemical 
components in a SAH under SEM. This method 
detects the X-rays produced as the result of the 
electron beam interactions with the sample. Mapping 
of the distribution of the different chemical elements 
constituting the specimen can be obtained. X-ray data 
is processed to obtain the percentage of each 
measured element present in the individual particles. 
The compositional and morphological data are then 
combined for exploratory data analyses. 
 
IV. RESULTS AND DISCUSSION 
 
The concept of producing nanoparticles in the 
networks of hydrogel systems has been recognized as 
an important approach due to its direct applicability 
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in various applications. SAH containing iron and 
copper nanoparticles have been successfully prepared 
via a free radical copolymerization, in the presence of 
nanometals solution of iron and copper. 
 
Conductivity of nanometal into SAH 
The characteristics of SAH such as colour and 
conductivity have been altered due to impregnation of 
nanometals into SAH network. Metal ions of iron and 
copper are less electropositive than those of 
potassium present in chemical composition of SAH 
(see the experimental section). So, it can be expected 
that iron and copper ions are penetrated into the SAH 
forming the corresponding SAH/Nanometal. Figure 
2illustrates the dry SAH loaded with Fe and Cu 
Nanoparticles. The formation of the Fe nanoparticles 
in SAH has been confirmed by the appearance of 
darker colour, while as in case of SAH loaded with 
Cu the darkness of sample was less. This was 
ascribed to the adsorption of Fe and Cu nanoparticles 
in SAH matrix.  
On the other hand, the conductivity of SAH has been 
improved after loading process as shown in Figure 3. 
The conductivity was ameliorated from 3.03 mS of 
SAH to 4.9 mS and 3.64 mS of SAH loaded Fe and 
Cu Nanoparticles, respectively. 
The deep color and higher conductivity 4.09 S of 
SAH loaded with Fe indicates that the amount of Fe 
ions penetrated into the crystal lattice of prepared 
hydrogel is more than Cu ions. The electrical 
conductivity of nano Fe particles showed electrical 
resistivity lower than nano Cu particles. Owing to 
extremely small size of nano metals, they have a 
much greater surface area than the same mass of 
materials at the micro-scale. At this scale, quantum 
effects are more important in determining the 
properties and characteristics of the material. This has 
led to the development of novel materials with 
distinctly different properties compared to their 
conventional forms. Copper showed new properties 
as they converted from macroscale to nanoscale [23]. 
 
Transmission Electron Microscopy 
The size and morphology of Fe and Cu nanoparticles 
embeddedwithin the SAH matrix have been 
determined through TEM imaging. Figures 4a and 5a 
display a TEM micrograph of SAH/iron and 
SAH/copper nanoparticles in different shapes and 
sizes formed during the preparation process. Size 
distribution of Fe and Cu embedded in SAH has been 
formed to be in range of 7 – 50 nm and 3 – 26 nm, 
respectively. The number of copper nanoparticles is 
less than those of iron nanoparticles as shown in 
figures 4a and 5a. The histogram representing size 
distribution derived from TEM image in figure 4b for 
Fe Nanoparticles within SAH/iron matrix revealed 
that the particle size range from 7 to 15 nm with 
higher percentageof nanoparticles in the range of 16 – 
26 nm.The histogram contains also mall percentage 
having diameter within the range of 27 – 37 nm 

followed by lesser percentage of nanoparticles sized 
between 38and 50nm.The histogram as shown in 
figure 5b revealed that the Cu nanoparticles are found 
in range of 3 to 26 nm. In addition, the histogram 
representing the relation between particle sizes of Cu 
nanoparticles formed during the preparation process 
and percentage of this particles, as shown in figure 
5brevealed that particle size having the range of 6 – 
10 nm constitutes 60 % of this particles which is the 
highest percent of this particles. Smaller and larger 
sizes as compared with this size range are found to be 
up to 40 % of the embedded Nanoparticles.  
 
SEM and EDX analyses 
Scanning electron microscopy is the most widely 
employed technique used for investigation of the 
shape, size and morphology of the hydrogel matrices.                            
Figure 6 and 7 show SEM & EDX analysisof the 
dried SAH loaded with Fe and Cu Nanoparticles.   
 
Nano iron and nano copper particles have been 
obviously appeared in SAH lattice using TEM 
analysis, where nano size of iron and copper 
vacillated between 6-80 nm and   6-72 nm, 
respectively. SEM analysis of top images revealed 
that the Nanoparticles of Fe and Cu are distributed 
homogeneously throughout the SAH lattice. On the 
other hand, EDX analysis showed the weight 
percentage of each element in the lattice of SAH 
molecules, where EDX analysis detected 27.69 % of 
Fe by weight in the hydrogel crystal. This may be 
ascribed to the phenomenon that iron nanoparticle has 
large specific surface area with a strong tunneling 
effect and small size of the border effect. In contrast, 
Cu was not detected by EDX analysis, this mat 
demonstrated by the fact that copper has good 
conductive properties, but after being processed into 
the Nanoparticles, its conductivity became less and the 
size of copper Nanoparticles is small to detect by EDX 
analysis. 
 
The nano structured materials produced by 
electrochemical deposition (ED) are not susceptible 
to the environmental contamination by oxygen and 
moisture, while other methods require some 
additional precaution for protection of nano powder 
against contaminations.The obvious advantages of 
ED are rapidity, low cost, products free from 
porosity, high purity, industrial applicability, 
potential to overcome shape limitations, higher 
deposition rates, produce coatings on widely differing 
substrates, ability to produce structural features with 
sizes ranging from nanometer to micrometer, ability 
to produce compositions unattainable by other 
techniques, the possibility of forming of simple low-
cost multilayer. Among them, porous anodic 
aluminum oxide template was widely employed due 
to its uniform pore channels and high pore density 
[24-26]. 
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CONCLUSION 
 
A template of nano porous anodic aluminum oxide 
AAO containing nano Fe and nano Cu was prepared 
and then detached into KOH solution. The 
superabsorbent hydrogels (SAH) has been 
successfully prepared viafree radical polymerization 
of acrylic acid / acrylate in potassium hydroxide 
solution containing Fe and Cu Nanoparticles in the 
presence of MBA as a crosslinker and KPS as an 
initiator. The conductivity has beenfound to be 
ameliorated from 3.03 mS for SAH, 4.9 mS and 3.64 
mS for SAH loadedwith Fe and Cu nanoparticles, 
respectively. TEM analysis revealed that the size 
distribution of Fe and Cu nanoparticles embedded in 
SAH was found to be in the range of 7 –50 nm and 3 
- 26 nm respectively. SEM analysis of top images 
showed that the nanoparticles of Fe and Cu are 
distributed homogeneously throughout the SAH 
lattice. While, EDX analysis showed 27.69 % of Fe 
by weight in the hydrogel crystal. In contrast, Cu was 
not detected by EDX analysis where the size of copper 
Nanoparticles is small to detect by EDX analysis.. 
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Fig. 1: Ordered nano porous alumina film with pore diameter size around 15-60 nm 
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Fig. 2: Photograph images of dry SAH samples 

 

 
Fig. 3: Variation of electric conductivity (mS) of PAAc/AC 

hydrogel by impregnation of iron and copper nanoparticles. 
 

 
Fig. 4a: TEM micrograph of SAH/ iron Nanoparticles 

 

 
Fig.5a: TEM micrograph of SAH/ copper Nanoparticles 

 
Fig. 4b: Histogram for the size distribution of  FeNanoparticles 

within SAH matrix 
 

 

 
Fig.5b: Histogram for the size distribution of CuNanoparticles 

within SAH matrix 
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Fig. 6: SEM & EDX analysis of SAH loaded Fe nanoparticles. 

 

 
 

 
Fig. 7: SEM & EDX analysis of SAP loaded Cu nanoparticles. 

 
 
 
 
 

 


