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ABSTRACT 
 
 A superabsorbent hydrogel was prepared through polymerization of acrylic acid/acrylate under potassium 
persulphate initiation and crosslinking. Superabsorbent hydrogels (SAH) are very unique water-absorbing and 
water-holding materials. Superabsorbent Hydrogels have been identified as polymeric cross-linked network 
structure. Availing SAH would significantly contribute to the production of soil conditioner and conductive 
gels. The major process operations were: mixing; polymerisation; washing; drying and packing. The hydrogel 
structure is created by the hydrophilic groups present in a polymeric network upon the hydration in an aqueous 
environment. Methods to characterise hydrogel and their proposed applications are also reviewed. The purpose 
of this study is to provide decision makers with information of the feasibility of producing SAH. Preliminary 
economic study was conducted for a small scale production unit (18 tons/year) and revealed that the cost of 
produced SAH is about $ 1507 /ton. 
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Introduction 
 
 Superabsorbent hydrogels (SAH) are very unique water-absorbing and water-holding materials. They are 
solid; granular or powder cross linked polymers that rapidly absorb and retain large volumes of aqueous 
solutions. It can absorb up to 500 times of its own weight of pure water and even under pressure resist release of 
the absorbed water [Buchholz G., 1997]. The absorptive properties of SAH are ideally suited for the absorption 
and solidification of various types of liquids like water, sludge and blood.  
 Hydrogels are insoluble, water swollen networks composed of hydrophilic homo or copolymers [Crini G., 
2005, Flemming and Niels, 2006]. Due to their biocompatibility, permeability and physical characteristics, 
hydrogel are suitable for use in many agricultural, industrial and medical applications [Laurence et al. 2006, 
Elvira et al. 2002, Hoch et al. 2003, Ghanshyam et al. 2005, Huarong et al. 2004]. 
 The hydrogels containing amide, amine, carboxylic acid, and ammonium groups, can bind heavy metal ions 
and dyes through the polar functional groups, and be used as good absorbents for water purifications [Yan and 
Bai 2005, Ali et al., 2003]. The absorption rate of the polymers differs according to their mechanism used for 
preparation. When this happens, water is drawn into the particles resulting into a swelling of each particle. The 
water absorbent property of these polymers is due to the presence of sodium or potassium molecules that form 
bridges between the long hydrocarbon chains. These bridges, known as cross-linking enable the polymer to form 
into a huge single super-molecule including its ability to degrade in the environment and breakdown into 
simpler molecules, and hold significant amounts of water. The absorption capacity of super- absorbents is 
affected by acidity and alkalinity (pH), conductivity, and other variables that inhibit expansion of the gel 
particles [Talaat (1) and co-workers 2008].  
 Polyacrylate is an example of a type of chemical called hydrogels or superabsorbents which have the ability 
to absorb and hold a tremendous amount of water [http://www.functionalpolymers.basf.com/portal/ 
streamer?fid=291074]. Nowadays sodium polyacrylate, potassium polyacrylate, and polyacrylamide are the   
only three superabsorbent gels used commercially. 
 Hydrogel was developed to improve the physical properties of soil in view of:  
 Increasing their water holding capacity 
 Increasing water use efficiency 
 Enhancing soil permeability and infiltration rate 
 Reducing irrigation frequency 
 Reducing compaction tendency 
 Stopping erosion and water run-off 
 Increasing plant performance (especially in structure less soils in areas subject to drought). 
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 The existing polymers are obviously not economical for most uses because they are mixed into the soil at 
relatively high rates. The need for arable land in view of increasing agriculture production has renewed interest 
in the development of novel soil conditioner materials with new methods and lower rates of applications. Two 
distinct types of polymers have been studied and marketed for agriculture use. They are either soluble or 
insoluble in water. Hydrogel is a type of insoluble polymers forms and is called gel-forming polymers. 
 Researchers [Flannery and Busscher 1982, Talaat (2) and co-workers 2008] have reported that the use of 
hydrogels increases the amount of available moisture in the root zone, thus implying longer intervals between 
irrigations. It must be pointed out that the polymers do not reduce the amount of water used by plants. The 
water-holding capacity depends on the texture of the soil, the type of hydrogel and particle size (powder or 
granules), the salinity of the soil solution and the presence of ions. Cross-linked polyacrylamide hold up to 400 
times their weight in water and release 95% of the water retained within the granule to grow plants. In general, a 
high degree of cross-linkage results in the material having a relatively low water-retention capacity. However, 
the water-holding capacity drops significantly at sites where the source of irrigation water contains high levels 
of dissolved salts (e.g. effluent water) or in the presence of fertilizer salts [Wang and Gregg 1989].  
 Most of the studies with polymers were performed in the laboratory without consideration for the 
economics at the production level. 
 
Materials and Methods 
 
2.1. Materials: 
 
 Acrylic acid (AAc) in the monomeric form was produced by Sisco Research Lab. Pvt. Ltd., India. N,N-
methylenebisacrylamide (MBAAm) as a crosslinking agent, potassium persulphate (KPS) as initiator and 
potassium hydroxide (KOH) were supplied by Sigma–Aldrich, Inc. These reagents were used as laboratory 
grade chemicals. 
 
2.2. Preparation of polyacrylate superabsorbent polymer: 
 
 Preparation of polyacrylate superabsorbent polymer was carried out according to a modified procedure 
[Enas and co-authors 2013]. A mixed solution of AAc monomer and potassium acrylate was prepared by 
agitating the monomer with MBAAm as a crosslinker in presence of KOH in distilled water under ambient 
conditions. The mixture solution was stirred and heated to 80 oC, followed by addition of the initiator (KPS). 
The reaction mixture was kept under stirring for few minutes to complete polymerization reaction. The prepared 
hydrogel was then immersed in excess distilled water to remove any impurities then dried under vacuum at 80 
oC for about 3 hours. The overall processing steps for SAH are representing by the flow sheet illustrated in 
Figure 1. 
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Fig. 1: The overall processing steps of SAH production. 
 
2.3. Preliminary economic evaluation: 
 
2.3.1. Capacity and production facilities: 
 
 Within the scope of this investigation an economic model and indicators for nominal annual capacity 
namely 18 tons/year has been developed. 
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2.3.2. Simulation and basic engineering: 
   
 Polymerization process has been conducted and material balance based on experimental results is shown in 
figure 1 for 20 Kg production of SAH per shift, 3 working shifts / day and 300 working days per year to produce 
18 tons per year. 
 
2.3.3. Cost indicators: 
 
 Simulation and basic engineering of polymerization process for the proposed capacity of SAH production 
(18 tons / year) have been conducted and results have been used for capital and production costs estimation. 
 
Results and Discussions 
 
3.1. Hydrogel production and characterization: 
 
 The swelling capacity of the prepared SAH under investigation in distilled water and at different pH values 
were studied elsewhere [Enas and co-authors 2013]. It was reported that, decreasing alkalinity of the swelling 
media enhanced the swellability of the prepared hydrogel following the order pH 8 > pH 10 > pH 12. While as 
the swellability of SAH at pH 3 was not different when compared with that observed at pH 8. Moreover, it was 
also noted that good swellability properties of the prepared SAH were obtained using distilled water was used. 
The yield percent of the prepared SAH was found to be 90.8 %.  
 
3.2. Financial Indicators:   
 
3.2.1. Total capital investment costs: 
 
 Equipment size based on the mass production and cost estimation of the process has been adjusted based on 
cost indices of 2013. Other components of fixed capital cost have been estimated as presented in table 1 [Peter 
and Timmerhaus 1991]. 
 
3.2.2. Operating costs: 
 
 In addition to raw materials costs as estimated according to actual consumption from experimental results 
and prevailing costs, other components of operating costs are presented in table 2.  
 
3.2.3. Estimated investments, production costs, profits and SRR: 
 
 The estimated total capital investment, annual operating costs, total profits and hence percentage simple rate 
of return on investments (SRR) are presented in table 3. 
 
Table 1: Fixed Capital Investment (FCI). 

Component Cost (L.E) 
1. Direct costs 

Purchased equipments PE (30% of FCI) 
 St. St Mixer with stirrer (55 L) 

 Reactor* St. St (750 L) 
 St. St tank with stirrer (2200 L) 

 Vacuum dryer 
 Packing unit 

Total Purchased equipments 
Purchased equipment installation (40 % of PE) 

Instrumentation and control (10 % of PE) 
Piping (30 % of PE) 

Electrical (20 % of PE) 
Building (25 % of PE) 

Yard improvement (50 % of PE) 
Service facilities (6 % of PE) 

Total direct costs (DC) 
2. Indirect costs (I.C) 

 Engineering and supervision (20% of DC) 
 Construction expenses (20% of DC) 

 Contingency (11% of FC I) 
Total indirect costs 

Working capital (10 % of FCI) 
Total capital investment (TCI) 

 
 

3500 
5000 
15000 
25000 
20000 
68500 

 
27400 
6850 
20550 
13700 
17125 
34250 
4110 

192485 
 

38497 
38497 
38771 

115765 
34250 

342500 
*Reactors and tanks are locally made in Egypt 
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Table 2: Total Production Costs (TPC). 
Item Cost (L.E) 

A. Manufacturing cost 
1. Direct production cost (DPC) 

 
 
 
 

5661 
209 
260 
12.5 
2081 

8223.5 

Raw materials * Quantity (Kg) Unit price (L.E) 
AAc 
KOH 

MBAAm 
KPS 

Water 

15.3 
9.5 

0.0612 
0.275 
1665 

370 
22 

4250 
45 

1.25 
 

Total raw material cost 
  

 Operating labours (15 % TPC) 
 Direct supervisory (20 % OL) 

 Utilities (10 % TPC) 
 Maintenance and repairs (5 % FCI) 
 Operating supplies (0.5 % FCI) 
 Laboratory changes (15 % OL) 

 Patents and royalties (3 % of TPC) 
 

Total Direct Cost (DC) 
2. Fixed charges (FC) 

 Depreciation (10 % of FCI) 
 Local taxes (2 % of FCI) 
 Insurance (0.7 % of FCI) 
 Rent (10 % of land) 

 Plant overhead (PO) (10 % of TPC) 
 

Total fixed charges (FC) 
Total manufacturing cost (DC + FC) 

 
B. General expenses (GE) 

 Administration cost (4 % of TPC) 
 Distribution and selling cost (10 % of TPC) 
 Research and development cost (5 % of FCI) 

 Financing (2 % of FCI) 
Total general expenses 

Total production cost = manufacturing cost + general expenses 

 
28472 
5694 

18981.32 
17125 
1712.5 
4271 

5694.4 
90173.92 

 
34250 
6850 

2397.5 
411 

18981.32 
 

62889.82 
153063.74 

 
7592.53 
18981.32 
9490.66 

685 
 

36749.51 
189813.25 

 
* Prices from local market 
 
Table 3: Financial indicators for 18 tons / year SAH. 

Item Cost (L.E) Cost ($)* 
Total capital investment cost 
Total production cost/year 

Total selling price 
Gross profit / year 

SRR % 

342500 
189813 
315000 
125187 
36.55% 

48929 
27116 

45000 ** 
17884 

36.55 % 
*1 $ = 7 L.E 
**Selling price = $ 2500. 
Payback period = 2.7 years ≈33 months 
If selling price = $ 3300 /ton (as lowest world price) [http://www.alibaba.com/product-gs/780943391/Potassium_polyacrylate_SAP_for 
agriculture_crops.html]  the profit / year = $ 32284 while that SRR % = 66 % and the payback period = 1.5 years  

 
Conclusion: 
 
1. The total profit is $ 32284 and SRR% is 66 % for 18 tons SAH/annual supposing SAH selling $ 3300/ton  

(lowest world price ) the %SRR is 66 % and the payback period 1.5 years. 
2. Positive economic indicators have been obtained. Thus in view of experimental results and economic 

assumptions there are positive prospects for production of SAH under Egyptian conditions. 
3. Production cost of hydrogel can be decreased with increasing production capacity/year which increases 

gross profit and decreases payback period. 
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