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Abstract 

     This research aimed to create eco-friendly superabsorbent gels that excel in 

swelling and absorption capacity, rapid swelling rate, affordability, and durability, 

with the ultimate goal of effectively removing water from crude oil and gasoline 

practically and sustainably. Superabsorbent hydrogels are composed of two main 

components. The first component is linear polyacrylamide, which acts as a 

polyelectrolyte. The second component includes varying amounts of acrylamide as 

a monomer with N, Ǹ-Methylene bis-acrylamide as a cross-linking agent and 

sodium persulfate as an initiator. This composition is developed using the semi-

interpenetrating polymers network technique (semi-IPNs). The hydrogel was 

characterized using FT-IR, SEM, and XRD techniques. The swelling characteristics 

was examined of each semi-IPN hydrogel by quantifying the swelling ratio (SR). It 

was found that it varied from 589 to 5432  ٪depending on component quantities and 

environments. The results showed that the semi-IPNs containing 2 g acrylamide 

(sample C) have a high SR as compared to semi-IPNs containing 1 g (sample A) in 

distilled water and alkaline media but less SR in the acidic medium. The effects of 

various salt solutions on swelling behavior and the efficacy of semi-IPNs in 

removing water from crude fuel and gasoline were discussed. The resulting 

hydrogel after revision of the synthesis temperature indicated an increased swelling 

rate within a value of SRs ranging from 2700% to 4524% in the water-crude oil 

mixture and 2700% to 5644% in the water-gasoline mixture when subsequent tests 

were carried out.  

 

Keywords: Water content; Crude Oil; APAM polyelectrolyte; Gasoline ; 

superabsorbent hydrogels. 

 

 تحضير وتقييم هلاميات فائقة الامتصاص لإزالة الماء من الوقود الخام والبنزين 
 

, نادية عاشور حسين * احمدمحمد هيثم   
 قسم الكيمياء , كلية التربية للعلوم الصرفة , جامعة البصرة , العراق 

 
 :الخلاصة 

تهدف الدراسة الحالية الى تحضير هلاميات فائقة الامتصاص صديقة للبيئة تعمل على إزالة الماء من        
النفط الخام والجازولين بشكل عملي ومستدام . تم تحضير الهلاميات من البولي الكتروليت وكميات مختلفة  

مثيلين بس اكريلاميد  كعامل شابك وبيرسلفات الصوديوم كعامل بادئ. درجة انتفاخ  -N,Nمن الاكريلاميد و  
  ( مختلفة   حامضية  أوساط   في  الوظيفية  مجاميعها  على  اعتمادا  قياسها  تم  المحضرة   pH1.2الهلاميات 
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pH12 , pH7.2,    الالكتروليتي الملحي  المحلول  الى  إضافة   ) NaCl ( تم  10,15,  1,5بتراكيز   .%  )
لتقدير التراكيب البلورية    XRDتشخيص الهلاميات باستخدام مطيافية الاشعة تحت الحمراء  وتم دراسة تحليل  

الالكتروني المسح  تركيز     SEMوجهاز  على  تعتمد  الانتفاخ  نسبة  ان  النتائج  أظهرت   . السطح  بنية  لدراسة 
٪ وكانت  5432٪ إلى  589الاكريلاميد ودرجة التشابك وان جميع الهلاميات تمتلك نسب انتفاخ تتراوح بين   

الانتفاخ   نسبة  وان  الحامضي  المحيط  في  عليه  هو  مما  اعلى  والقاعدي  المتعادل  المحيط  في  الانتفاخ  نسبة 
من   الماء  إزالة  في  المحضرة  الهلاميات  كفاءة  تقييم   تم  كذلك   . الملحي  المحلول  تركيز  بزيادة  تنخفض 

 مستحلبات النفط الخام والجازولين واستعادة الهلاميات بعد عدة دورات من الاستخدام والتجفيف .
 
 

1-Introduction  

     At a crude fuel production site, a significant volume of aqueous liquid is generated 

alongside the crude fuel, coming from sources such as fuel reserve, sea, or ground is 

produced together with the crude fuel, of which amount can be as high as 15–80 % of the 

total fluid produced [1]. The presence of water in the crude oil is undesirable for several 

reasons: it reduces the heating value and the quality of the crude fuel; it causes corrosion in 

the processing facilities; it increases the load on the wastewater treatments and the associated 

cost; and, more importantly, it increases the extra energy and cost for the removal of the 

water from the crude fuel [2]. To satisfy global energy demands and enhance production 

efficiency, it is essential to reduce the cost and energy involved in the removal of water from 

crude fuel [3]. Currently, the removal of water from crude fuel is primarily achieved through 

methods such as heating, chemical treatment, gas flotation, and filtration. Heating is the 

simplest method; however, it is not very effective, especially for heavy fuel, viscous fuel, and 

fuel with high pour points and cloud points. While the other methods are generally more 

effective, they often require large amounts of energy and chemical agents, and they are 

sometimes very complex with unsteady performance [4]. An alternative solution involves the 

use of water-absorbing polymers. Although compared to the methods mentioned above, this 

method is more suitable for the offsite application of dewatering the storage tank or the 

transportation of crude fuel. It involves adding hydrogels to the vessel or the portable mixing 

unit with the crude oil and leaving it for some time before the hydrogel is removed from the 

imbibed water. After the hydrogels are available on the market, the most effective way is to 

develop a custom hydrogel optimized for the specific type of crude fuel and the operating 

conditions. This customization can be achieved by thoroughly understanding the interaction 

between the hydrogel, the crude oil, and the environment in which the hydrogel is required to 

perform [5]. Intelligent materials, commonly known as superabsorbent gel [6], are highly 

valued for their remarkable characteristics and diverse applications [7-9]. These networks are 

three-dimensional structures made of polymers that can dissolve very small amounts of water 

and biological fluids [10-12]. The creation of the network structure may entail the 

copolymerization of one or more components by ionizing radiation or chemical starting 

methods [13,14], in contrast to interpolymer. The ability of polymer chains to absorb water 

from the presence of hydrophilic groups such as -OH, -CONH, -CONH2, -COOH, and -SO3H 

[15-17]. These groups enable the polymers to assimilate extra biological fluids and maintain a 

significant amount of fluid when expanded [18,19]. The establishment of a crosslinking 

architecture is crucial for the production of hydrogels, as it guarantees their stability in water-

based surroundings [20]. Superabsorbent hydrogels are three-dimensional hydrophilic 

polymer networks through the formation of chemical bonds [21] as well as ionic [22]  and 

supplementary forces [23]. Through hydrophobic or hydrogen bonding interactions, these 

hydrogels can retain and absorb a significant amount of water while maintaining their 

physical size [24, 25]. The absorption and retention of water are influenced by the specific 
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type of hydrophilic monomer [26-28] Additionally, the type of polymer used in their 

production process [29,30], the characteristics of the expanding medium,  and the extent of 

crosslinking [31]. This study aims to develop IPN hydrogels for dewatering crude oil and 

gasoline. The hydrogel is a cross-linked polymer that swells to a high degree in water and 

retains a considerable amount of it. The hydrogel being developed must be capable to 

withstand the high temperatures of the reservoir conditions, it must be elastic and not brittle 

and it must be resistant to degradation. 

 

2- Materials and methods 

2-1 Materials 

     The chemicals used in this study were supplied from several sources. Acrylamide (AAm) 

was supplied by Aldrich Co. (Germany). Ethanol, N, N, Ǹ, Ǹ-Tetramethylethylene diamine 

(TMEDA), N, Ǹ-Methylene bis-acrylamide (MBA), and sodium persulfate (SPS) were 

supplied by Fluka Co. (Switzerland). The polyacrylamide APAM, (polyelectrolyte), was 

supplied by the State Company for Petrochemical Industry in Basra, Iraq. The investigation 

was carried out utilizing purified water acquired from the Department of Chemistry at the 

University of Basra, also located in Iraq.    

                                   

2-2 Preparation of the New IPNs Gel 

     Dissolve 1 g of the polyelectrolyte APAM in 25 mL of distilled water while continuously 

heating and stirring at 50°C until a homogeneous solution is obtained. In a separate bowl, 

dissolve varying amounts of acrylamide (AAm), MBA, and SPS (see Table 1) in 10 mL of 

distilled water. Gradually add the acrylamide solution to the polyelectrolyte solution with 

constant stirring for 30 minutes, then heat the mixture in a water bath at 50 °C under nitrogen 

protection. Nest, sodium persulfate was dissolved in 5 mL and added as an initiator for the 

acrylamide polymerization process. Following this, 7.0 mL of tetramethylethylenediamine 

(TMEDA) was added as an accelerating agent with good stirring for 30 minutes until the 

polymerization and crosslinking were completed. Cut the resulting hydrogel into small 

pieces. Wash it once with water and leave it to dry at a temperature of 40°C for one day [32]. 
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Scheme 1: The synthesis of superabsorbent semi-IPN hydrogel 

 

Table 1: Amounts of acrylamide, crosslinking agent and initiator 

Hydrogel code 
APAM  (g) 

polyelectrolyte 

AAm  (g) 

monomer 

MBA (g) 

crosslinking 

agent 

SPS (g) 

initiator 

A 1 1 0.2 0.07 

B 1 1.5 0.2 0.07 

C 1 2 0.2 0.07 

D 1 2 0.4 0.07 

E 1 2 0.6 0.07 

F 1 2 0.2 0.03 

G 1 2 0.2 0.1 

 

2-3 Characterization 

     Fourier transform infrared (FT-IR) was used to characterise the synthesized polymer. The 

experiment used KBr particles coated with Perkin-Elmer model 4100 type A (USA) and 

covering a wavelength range from 400 to 4,000 cm−1. The produced samples were examined 



Ahmed and Al-Assady                           Iraqi Journal of Science, 2025, Vol. 66, No. 11, pp: 4724- 4739      

 

4728 

using the X-ray diffraction (XRD) method on a Philips X'Pert-MPD system. The analysis was 

conducted at a Cu Kκ wavelength of 1.5418. 
 

2-4 Swelling Measurement 

Dried pieces of APAM IPN hydrogel were used to assess the degree of swelling. To 

determine the swelling ratio (SR), the hydrogels (0.25± 0.01 g) of each sample were 

immersed in 100 mL of distilled water for 30 minutes at room temperature. Samples were 

collected from the water every 30 minutes, dried to remove surface water using filter paper 

(110 mm, CAT 62010110), weighed, and the swelling ratio (SR) was calculated using the 

equation (1) [33]: 

%𝑆𝑅 =
𝑊𝑠 − 𝑊𝑑

𝑊𝑑
 𝑋100                                                 … … … … 1 

Where SR= swelling ratio, Ws =weight of swollen gel, and Wd= weight of dry gel, 

respectively. 

 

2-5 Saturated crude Fuel - Gasoline Samples  

     To achieve a saturated state, 50 mL of fuel samples were mixed with 50 mL of distilled 

water to create a mixture of petrol and crude fuel. After confirming proper phase contact by 

rapidly agitating the mixture for 30 minutes using a magnetic mixer and leaving it to settle for 

2 hours, 0.25 g of dehydrated APAM IPN hydrogel was introduced into the saturated solution 

and left to soak at room temperature. After a three-hour interval, the hydrogel fragments 

retrieved from the saturated solution were weighed. The swelling ratio was calculated after 

using filter paper filter paper (110 mm, CAT 62010110) to separate the surface water [33]. 

 

3- Results and discussion 

3.1 The FT- IR spectrum 

From the FT-IR spectra of AAm monomer, APAM polyelectrolyte, and semi-IPN hydrogel 

revealed that all characteristic peaks of Aam and APAM were present in the semi-IPN 

hydrogel. This indicates a compatibility of the APAM and semi-IPN hydrogel. IR spectra are 

shown in Figures (1-3), the data shown in Table 2.   

 

Table 2: Interpretation of FT-IR spectrums of AAm monomer, APAM polyelectrolyte, and 

semi-IPN hydrogel 
Stretching / 

Deformation 
Groups Peaks(cm-1) IR Spectrum S.no 

Stretching N-H (3340.33-3171.99) 
 

 

 

AAm 

 

 

1 

Stretching C-H (alkyl) 2811.94 

Stretching C=O(amide) 1665.44 

Stretching C=C 1465.11 

Bending N-H(amide) 1608.33 

Stretching C-O 1276.87 

Stretching N-H (3479.58-3415.93) 

 

APAM 

 

2 

Stretching C=O 1662.49 

Stretching C-H (alkyl) 2920.23-2850.79 

Stretching C-O 1128.36 

Bending N-H(amide) 1562.34 

Stretching N-H 3400.27 

 

semi-IPN 

hydrogel 

 

3 

Stretching C-H(alkyl) (2933.50-266.02) 

Stretching C=O 1689.64 

Stretching C-O 1168.78 

Stretching N-H 1409.96 
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Figure  1: FT-IR of acrylamide monomer 

 

 
Figure 2: FT-IR spectra of the APAM polyelectrolyte 

c 

Figure 3: FT-IR of the semi-IPNs hydrogel 

3.2 X-ray diffraction (XRD) 

     Figure 4 depicts the X-ray diffraction pattern of the semi-IPN hydrogel, which consists of 

a polyelectrolyte and a polyacrylamide superabsorbent. The acrylamide spectra displayed a 

single band, featuring a prominent peak at 2θ 24.6°. In contrast, the APAM polyelectrolyte 

pattern exhibited two distinct peaks at 21.07° and 26.1°, suggesting that the polyelectrolyte 

phase is amorphous. The pattern of the semi-IPN hydrogel revealed two distinct peaks at 2θ 

6.458° and 26.76°. The patterns exhibited by the APAM polyelectrolyte and the semi-IPN 

hydrogels are similar, with slight differences in the peaks, and are higher than acrylamide. 
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This difference is attributed to an increase in the degree of ordering of chains of the prepared 

hydrogels that the combination between AAm and MBA individually increases the 

crosslinking of the hydrogel structure during the polymerization process. Also, due to an 

increase in H-bonding interactions among the amide group of AAm and carboxylic, groups of 

APAM chains lead to increased crystallinity of hydrogels than AAm [33]. 

 

 
Figure 4: XRD patterns of a) APAM polyelectrolyte, b) AAm, and c) semi-IPN hydrogel 

 

 

3.3 SEM studies 

     To ensure the structural integrity of the superporous hydrogel, scanning electron 

microscopy (SEM) was performed. Figure 5 demonstrates that the hydrogel possesses a 

porous structure, facilitating rapid expansion. The highly porous nature of hydrogels enables 

increased water absorption within the material. The hydrogel's highly permeable structure 

allows for increased water entry through the pores [34].  
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Figure 5: Scanning electron microscopy (SEM) for the selected formula (C) at different 

magnification powers: a)100kx, b)500kx, c) 100kx, and d) 500kx 

 

3.4 Swelling Property of superabsorbent semi-IPN hydrogel  

      The polyacrylamide contains hydrophilic amide groups, while the APAM polyelectrolyte  

contains hydrophilic -N+(CH3)3 and -COOH groups. This study investigated the swelling 

properties of the hydrogel [35], and Figure 5 demonstrates the impact of AAm on the 

swelling properties of the semi-IPN hydrogel. (a) Throughout the swelling test, the behavior 

of the substance in deionized water at ambient temperature is observed as a function of time. 

Figure 6 clearly shows the exponential growth in the expansion rate of each semi-IPN 

hydrogel during a period of 0 to 360 minutes. The hydrogel sample containing 2 g of AAm 

exhibits the highest swelling rate, while sample A exhibits the slowest. The swelling rate of 

the hydrogel escalated with the elevation of AAm content, which can be attributed to the 

augmented abundance of hydrophilic groups. 
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Figure 6: Swelling ratio concerning time: a) effect AAm weights b) effect with different 

MBA weights c) effect with different initiator weights.  d) Images of hydrogels (sample C ) 

swelling in water. 

 

3.5 Effect of Cross-Linker and Initiator weights on Swelling (b). 

     To investigate the effect of MBA weights as a cross-linker on the properties of the semi-

IPN hydrogel formulas C, D, and E, these formulations were prepared and subsequently 

evaluated. The results are shown in Figure 6 (b). As illustrated in Figure 5, an increase in the 

weights of the cross-linker led to a rise in the density of the IPN hydrogel. This increase 

occurred because the network space was reduced and porosity decreased due to the formation 

of stronger bonds between polymer chains and the cross-linker, which reduced the size of the 

interconnecting pores (Sample E) and reduced the swelling ratio of the polymer [36]. To 

examine the effect of different weights of initiators on the swelling ratio of the hydrogel, the 

weights of SPS were altered within the range of 0.03-0.1 g (Figure 6), (c) The maximum 

swelling ratio (5432)% was attained at an initiator weight of 0.07 g. When the weight is less 

than 0.07 g, the number of active free radicals in the polymer backbone decreases, resulting 

in a decrease in the degree of polymerization and, thus, a reduction in the final water 

absorbency. The fall in the swelling value of PAAm hydrogel can be attributed to self-cross-

linking, which increases the termination step reaction by bimolecular collision and reduces 

the molecular weight of the hydrogel. The negative correlation between initiator weight and 

the molecular weight explains the reason behind the latter. 

 

3.6 Effect of different pH on swelling ratio 

     In Figure 7 (A), The APAM polyelectrolyte demonstrates a substantial increase in size 

when immersed in both pure water and basal medium. The presence of carboxylic group 

inions (-COO-) along polymer chains results in greater electrical repulsion between the 

negatively charged atoms. This, in turn, drives a rapid swelling process in the cross-linked 

polyacrylamide network [37-40]. Furthermore, the presence of hydrophilic groups (such as -
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CONH2 and -N+R4) in the semi-interpenetrating networks (IPNs) of hydrogels has a 

substantial effect on swelling behavior. It accelerates the rate of swelling by facilitating 

enhanced hydrogen bonding between the polymer networks and water. In contrast, the semi-

IPNs showed a reduced swelling ratio when exposed to an acidic environment due to the 

protonation of the carboxylate groups. The protonation caused the APAM chains to wrap 

around each other, and the lack of expansion in the polyacrylamide network structure helped 

this process [36]. The presence of amide and ammonium functional groups is responsible for 

the resulting oedema. Improvement and ammonium groups are commonly found. In general, 

the acrylamide network consists of many interactions, such as hydrogen bonding interference 

and ionic interference caused by the polyelectrolyte. Internal hydrogen bonds are created 

through the collaboration of amide groups inside the polyacrylamide network. The ionic 

groups on both polyelectrolytes are surrounded by a stable carapace created by these 

linkages. The acrylamide network is responsible for absorbing water (water uptake WU) from 

the surroundings [40,41]. Observations indicated variations in swelling ratios among 

polyelectrolytes due to the presence of quaternary ammonium and carboxyl groups at pH 

levels of 1.4, 7.2, and 12. 

 
Figure 7: (A) : Effect of different pH 1.4, 7.2, and 12 on swelling ratio 

 

3.7 Study the effect of salt solutions on absorption ratio 

     This test is valuable for examining the impact of salt concentration on the absorption ratio 

of the semi-IPNs of hydrogels. Four concentrations of NaCl salt (1%, 5%, 10%, and 15%) 

were prepared, and 0.25 g of the semi-IPNs of hydrogels was immersed for 4 hours. The 

absorption ratio was measured, and these were the results: Table 2 and Figure 7 (B) show 

 

Table 3. The effect of salt solutions on absorption ratio 

NaCl concentration % A B C 

1 1724 1948 2404 

5 1600 1884 2108 

10 1220 1580 1852 

15 1120 1444 1764 
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Figure 7(B): Effect of different salt concentrations (1%,5%,10%,15%) on swelling ratio%. 

 

      Figure 7(B) illustrates that the absorption ratio decreases as the concentration of salt 

increases. This phenomenon can be attributed to the fact that increasing the concentration of 

the salt solution reduces the solution pressure difference between the solution immersed 

outside and inside the hydrogel network. Consequently, the primary driving force decreases 

because water enters the hydrogel network, so absorption decreases as well due to the 

deposition of salt inside the pores of the hydrogel, as shown in Figure 8 [42]. 

 

 
Figure 8: Scanning electron microscopy for the selected formula (C) after being immersed in 

salt solution at different magnification powers:  a)  5.00kx,  b)  35.0kx. 

 

3.8 Application and recovery of dry semi-IPN hydrogels to remove the free and soluble 

water contents  

     The saturated petrol samples were combined with dry APAM IPN hydrogels to ensure 

adequate interaction between the hydrogel particles and the liquid phase. The hydrogels were 

then allowed to dissolve in the saturated solution at room temperature. As shown in Figure 9, 

the volume of the water began to decrease, while the volume of the fuel samples remained 

unchanged. The hydrogel pieces turned blue due to it absorbing the colored water. After 3 
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hours, the hydrogel pieces were removed from the water, blotted with filter paper to remove 

surface water, and weighted, and the swelling ratio was calculated. Following the removal of 

water content, the hydrogel pieces were recovered, washed with water and dehydrated using 

ethanol, then dried in an oven at 70 ºC and retested in another mixture of fuel and water. 

 

 
Figure 9: Images of hydrogels remove water saturated with a) Gasoline, b) Crude Fuel 

 

Water retention persists after repeated cycles of fuel water removal, dehydration, and 

purification. The swelling ratio of hydrogels containing APAM IPNs remained unchanged. 

As the study progressed, it improved and showed a higher swelling rate than the first swelling 

after preparation. As can be seen in Figure 10, this could be due to the expansion of the 

polymer chains in the APAM IPN hydrogel network, which leads to a higher degree of 

swelling after each cycle. The best formulation is sample C, where the swelling ratio in the 

gasoline-water mixture is 5644%, while the swelling ratio in the crude oil-water mixture is 

4524% after four cycles. The hydrogels with the same properties were reused and the extent 

of swelling was checked regularly. Comparable results were found when the severity of 

edema was analyzed eight months after the hydrogel was prepared. During synthesis, the 

petroleum fuel exhibited a swelling ratio between 1588 and 2700 percent. This swelling ratio 

was then maintained in a range of 1365 to 3364 percent over eight months. The swelling ratio 

of the fuel was initially between 1424 and 2700 percent, and after eight months it remained 

between 1298 and 3144 percent. 

 
Figure  10: The amount of swelling ratio of the APAM IPNs hydrogels (A, B, C) in several 

cycles: a) in Crude fuel. b)  in Gasoline 
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Conclusion  

     In the present study, the APAM IPN hydrogels with superporous structures were 

synthesized through free radical polymerization. These hydrogels exhibited a rapid swelling 

rate and a high swelling ratio due to the high porosity and cross-linking of the pores within 

the polymer chain, which was confirmed by the SEM images. The concentrations of the 

monomer, crosslinking agent, and initiator affect the swelling and viscoelastic properties of 

the hydrogel as well as the volume of the solvent. Additionally, the swelling of the hydrogel 

was also significantly influenced by the external stimuli pH and ionic strength. The 

equilibrium swelling ratios showed high values at pH 12 and 7.4, which can be attributed to 

the ionization of the -NH2 and -COOH groups in the hydrogels and the superporous 

structure. The polymers were also able to rapidly achieve equilibrium between swelling and 

deswelling when the pH changed between acidic and neutral conditions. Sample C showed a 

higher swelling ratio than sample A at pH 7.4. Increasing the ionic strength of the swelling 

medium from 1 % to 15 % NaCl led to a decrease in the degree of swelling. The APAM IPN 

hydrogels proved to be an effective alternative method for removing the water content of 

crude oil and gasoline. The experiments showed that the hydrogels can be used to treat 

saturated crude oil and gasoline for many cycles. Based on the results obtained in this work, 

new hydrogels will be synthesized from different hydrophilic monomers and tested for their 

ability to remove water from fuel. The tests can also be extended to other liquid fuels such as 

jet fuel and other liquid fuels. 
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