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The work is devoted to the study of the dynamic-mechanical properties of polyacrylamide 

hydrogels synthesized by frontal polymerization method. Frontal polymerization is an autowave 

process of self-propagating polymerization heat waves. It is a non-traditional method for the 

synthesis of various polymers and polymeric composites. 

Polyacrylamide hydrogels are three-dimensional polymers capable of absorbing and releasing 

large amounts of water and active substances multiple times without changing their original form. 

Due to their specific properties polyacrylamide hydrogels are necessary in agriculture, medicine, 

plastic surgery, cosmetology, oil industry, diaper production, etc. 

Polyacrylamide hydrogels with different water absorption properties were synthesized by the 

method of frontal polymerization, the dynamic-mechanical properties of the obtained hydrogels at 

dry and water-absorbed states were studied for a broad range of frequency applied on the samples. 

The obtained samples of hydrogels were also examined with a microscope. The kinetic curves of the 

water absorption and release capacity, the dynamic-mechanical curves of the synthesized 

polyacrylamide hydrogels and the microscopic image of the polymer network of the hydrogels are 

presented in the work. 

It is shown that the density and size of the polymer network of polyacrylamide hydrogels define 

the dynamic mechanical properties of the hydrogels. This, in turn, is dictated by the water absorption 

and release properties of polyacrylamide hydrogels. 

Figs. 4, references 8. 

Introduction 

Comparing to the traditional methods of polymer synthesis (including 

hydrogels) frontal polymerization (FP) [1] has a number of advantages: FP is 
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energetically effective, environmentally friendly, demands minimal amount 

of resources, and yields better results [2-7]. As shown in Ref [8], FP is 

currently the best method for the synthesis of polyacrylamide hydrogels, 

since, in comparison to the traditional methods used nowadays, 

polyacrylamide hydrogels synthesized by FP have better absorption of water 

and active substances and physical-mechanical properties. FP allows 

obtaining pure polyacrylamide hydrogels completely free of initial toxic 

monomer – acrylamide. Furthermore, FP makes it possible to synthesize 

polyacrylamide hydrogels with controllable properties [8]. 

As it has been noted, polyacrylamide hydrogels synthesized by FP 

method have better absorption of water – from 0.1 to 5000 gram of water per 

1 gram of dry hydrogel. 

This paper is devoted to the investigation of dynamic-mechanical 

properties of polyacrylamide hydrogels obtained by FP method and their 

relation to the absorption and release of water. 

 

Materials and methods 

The reagents used for the synthesis of polyacrylamide hydrogels: 

acrylamide (the main monomer, >99.5%), sodium acrylate (as a comonomer 

99.8%) and potassium persulfate (as an initiator, 99.5%) The reagents were 

obtained from Sigma-Aldrich. The synthesis of the hydrogels was carried out 

by FP method [1]. 

From the resulting hydrogels two samples with the same properties were 

chosen. One of them was completely dried, and the other one was preserved 

with 50 wt% of absorbed water. For the dynamic-mechanical analysis the 

samples were modified and 10 mm (width)  20 mm (length)  2 mm 

(thickness) sized samples were prepared. 

The dynamic-mechanical analysis of the samples was carried out on 

Pyris Diamond DMA dynamic-mechanical analyzer. The experiments were 

made at 20-180oC temperature and 0.1-10 Hz frequency ranges. 

In order to investigate the kinetics of the water absorption and release of 

the hydrogels, a dry sample of the obtained hydrogel was weighted in 

advance, immersed in distilled water, and then was periodically weighted. 

The obtained hydrogels were also examined with a microscope. 
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Results and discussion 

The kinetics of absorption and release of water of the synthesized 

hydrogels is illustrated in Figure 1. As it can be seen from the kinetic curves, 

FP method allows obtaining polyacrylamide hydrogels with an absorption of 

up to SR=5000 g/g water, whereas traditional methods of polymer synthesis 

do not achieve such absorption degrees. 

In traditional conditions polyacrylamide hydrogels are prepared in two 

steps. In the first stage the monomer (acrylamide) is polymerized to linear 

polyacrylamide and afterwards the linear polyacrylamide is cross-linked to 

form a three-dimensional polymeric network-hydrogel. At the same time, 

however, FP allows performing the specified two stages in a single stage, 

which describes the specifics of this method. 
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Fig.1. Kinetic curves of water absorption and release capacity of three different samples of 

polyacrylamide hydrogel synthesized by FP (curve 1-650 g/g, curve 2-1100 g/g, and curve 3-
5000 g/g). 

 

The curves obtained by dynamic-mechanical analysis of dry and 50 wt% 

water containing samples of polyacrylamide hydrogels are shown in figures 

2 and 3. The curves demonstrate the changes in storage (or elasticity E’) and 

loss (or viscosity) moduli of the samples depending on the temperature and 

frequency of the stress applied on the samples. For each sample the Figures 

give five curves (for stress frequency of 0.5; 1; 2; 5 and 10 Hz): 

The curves of dynamic-mechanical analyses and the image of the 

polymer network of the 50 wt% water-absorbed sample of polyacrylamide 

hydrogel (Figure 4) indicate that the dynamic-mechanical properties of 



 

 

 

 
Fig. 2. Curves of dynamic-mechanical analysis of the dry sample of polyacrylamide hydrogel 

for stress frequency of 0.5, 1, 2, 5 and 10 Hz (E’-storage modulus, E’’- loss modulus, tanD-
tangent of loss angle). 

 

 
Fig. 3. Curves of dynamic-mechanical analysis of the 50 wt% water-absorbed sample of 

polyacrylamide hydrogel for stress frequency of 0.5, 1, 2, 5 and 10 Hz (E’-storage modulus, 
E’’– loss modulus, tanD-tangent of loss angle). 



 

 
86 

polyacrylamide hydrogels are dependent on the density of the polymer 

network of the gels. 

 

 
Fig. 4. Polymer network of the 50 wt% water-absorbed sample of polyacrylamide hydrogel 

under microscope. 

 

The introduction of water into the polymer network of polyacrylamide 

hydrogels leads to essential changes in the viscoelastic properties of 

hydrogels: E’-storage modulus of the hydrogel drastically drops, while E’’- 

loss modulus insignificantly increases. 

Conclusion 

In the work polyacrylamide hydrogels with different absorption 

properties are synthesized by FP method, the kinetics of water absorption 

and release, as well as the dynamic-mechanical properties of the synthesized 

hydrogels are investigated. 

It is shown that the dynamic-mechanical properties (E’ – storage 

modulus, E’’ – loss modulus) of polyacrylamide hydrogels obtained by FP 

method dramatically change with the water absorption of the hydrogels, 

which is due to the changes in the density and sizes of the polymer network 

of the hydrogels. 

 

üðàÜî²È äàÈÆØºð²òØ²Ü ØºÂà¸àì êÆÜÂº¼ì²Ì 

äàÈÆ²ÎðÆÈ²ØÆ¸²ÚÆÜ ÐÆ¸ðà¶ºÈºðÆ ¸ÆÜ²ØÆÎ-ØºÊ²ÜÆÎ²Î²Ü 

Ð²îÎàôÂÚàôÜÜºðÆ àôêàôØÜ²êÆðàôÂÚàôÜÀ 

². Ð. ØÆÜ²êÚ²Ü 

²ßË³ï³ÝùÁ ÝíÇñí³Í ¿ ýñáÝï³É åáÉÇÙ»ñ³óÙ³Ý Ù»Ãá¹áí ëÇÝÃ»½í³Í åáÉÇ³Ï-

ñÇÉ³ÙÇ¹³ÛÇÝ ÑÇ¹ñá·»É»ñÇ ¹ÇÝ³ÙÇÏ-Ù»Ë³ÝÇÏ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÇ áõëáõÙÝ³ëÇñÙ³-

ÝÁ: üñáÝï³É åáÉÇÙ»ñ³óáõÙÁ åáÉÇÙ»ñ³óÙ³Ý ç»ñÙ³ÛÇÝ ³ÉÇùÝ»ñÇ ÇÝùÝ³ï³ñ³ÍÙ³Ý 
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³íïá³ÉÇù³ÛÇÝ ·áñÍÁÝÃ³ó ¿, ¨ Ñ³Ý¹Çë³ÝáõÙ ¿ áã ³í³Ý¹³Ï³Ý Ù»Ãá¹ ï³ñµ»ñ åáÉÇ-

Ù»ñÝ»ñÇ ¨ åáÉÇÙ»ñ³ÛÇÝ ÏáÙåá½ÇïÝ»ñÇ ëÇÝÃ»½Ç Ñ³Ù³ñ: 

äáÉÇ³ÏñÇÉ³ÙÇ¹³ÛÇÝ ÑÇ¹ñá·»É»ñÁ »é³ã³÷ Ï³ñí³Í ï³ñ³Í³Ï³Ý åáÉÇÙ»ñÝ»ñ »Ý 

áõÝ³Ï µ³½Ù³ÏÇ ³Ý·³ÙÝ»ñ ÏÉ³Ý»Éáõ ¨ ³ñï³Ý»ï»Éáõ Ù»Í ù³Ý³ÏáõÃÛ³Ùµ çáõñ ¨ ³Ï-

ïÇí ÝÛáõÃ»ñ ³é³Ýó ëÏ½µÝ³Ï³Ý Ï³éáõóí³ÍùÇ ¿³Ï³Ý ÷á÷áËáõÃÛ³Ý: ÞÝáñÑÇí Çñ»Ýó 

Ñ³ïÏáõÃÛáõÝÝ»ñÇ åáÉÇ³ÏñÇÉ³ÙÇ¹Û³ÇÝ ÑÇ¹ñá·»É»ñÁ å³Ñ³Ýçí³Í »Ý ·ÛáõÕ³ïÝï»ëáõ-

ÃÛáõÝáõÙ, µÅßÏáõÃÛáõÝáõÙ, åÉ³ëïÇÏ íÇñ³µáõÅáõÃÛ³Ý Ù»ç, ÏáëÙ»ïáÉá·Ç³ÛáõÙ, Ý³íÃ-

³ñ¹ÛáõÝ³µ»ñáõÃÛáõÝáõÙ, ï³Ï¹ÇñÝ»ñÇ ³ñï³¹ñáõÃÛ³Ý Ù»ç ¨ ³ÛÉÝ: 

üñáÝï³É åáÉÇÙ»ñ³óÙ³Ý »Õ³Ý³Ïáí ëÇÝÃ»½í»É »Ý ï³ñµ»ñ ÏÉ³Ý»ÉÇáõÃÛáõÝ áõÝ»óáÕ 

åáÉÇ³ÏñÇÉ³ÙÇ¹³ÛÇÝ ÑÇ¹ñá·»É»ñ, áõëáõÙÝ³ëÇñí»É »Ý ëï³óí³Í ·»É»ñÇ ¹ÇÝ³ÙÇÏ-Ù»Ë³-

ÝÇÏ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÁ ãáñ ¨ çáõñ ÏÉ³Ý³Í íÇ×³ÏáõÙ` ÝÙáõßÇ ·ñ·éÙ³Ý Ñ³×³Ëáõ-

ÃÛ³Ý É³ÛÝ ïÇñáõÛÃáõÙ: êï³óí³Í åáÉÇ³ÏñÇÉ³ÙÇ¹³ÛÇÝ ÑÇ¹ñá·»É»ñÁ áõëáõÙÝ³ëÇñí»É 

»Ý Ý³¨ Ù³Ýñ³¹Çï³ÏÇ ï³Ï: ´»ñí³Í »Ý áõëáõÙÝ³ëÇñíáÕ ÑÇ¹ñá·»ÉÇ çñÇ ÏÉ³ÝÙ³Ý ¨ 

³ñï³Ý»ïÙ³Ý ÏÇÝ»ïÇÏ³Ï³ÛÇ, ¹ÇÝ³ÙÇÏ-Ù»Ë³ÝÇ³Ï³Ý ³Ý³ÉÇ½Ç Ïáñ»ñÁ, ÇÝãå»ë Ý³¨ 

ÑÇ¹ñá·»É»ñÇ åáÉÇÙ»ñ³ÛÇÝ ó³ÝóÇ ËáéáãÝ»ñÇ Ù³Ýñ³¹Çï³Ï³ÛÇÝ ÝÏ³ñÝ»ñÁ: 

òáõÛó ¿ ïñí»É, áñ åáÉÇ³ÏñÇÉ³ÙÇ¹³ÛÇÝ ÑÇ¹ñá·»ÉÇ ËáéáãÝ»ñÇ ËïáõÃÛáõÝÁ ¨ ã³÷Á 

µÝáõÃ³·ñáõÙ »Ý ïíÛ³É ÑÇ¹ñá·»ÉÇ ¹ÇÝ³ÙÇÏ-Ù»Ë³ÝÇÏ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñÁ, áñÝ ¿É 

Çñ Ñ»ñÃÇÝ Ã»É³¹ñíáõÙ ¿ ïíÛ³É ·»ÉÇ çñÇ ÏÉ³Ý»Éáõ ¨ ³ñï³Ý»ï»Éáõ Ñ³ïÏáõÃÛáõÝÝ»ñáí: 

²é³Ýóù³ÛÇÝ µ³é»ñ: ýñáÝï³É åáÉÇÙ»ñ³óáõÙ, åáÉÇ³ÏñÇÉ³ÙÇ¹³ÛÇÝ ÑÇ¹ñá·»É, ¹Ç-

Ý³ÙÇÏ-Ù»Ë³ÝÇ³Ï³Ý Ñ³ïÏáõÃÛáõÝÝ»ñ, Ëáéáã, ÏÉ³ÝÙ³Ý ¨ ³ñï³Ý»ïÙ³Ý ÏÇÝ»ïÇÏ³: 

 

ИССЛЕДОВАНИЕ ДИНАМИКО-МЕХАНИЧЕСКИХ СВОЙСТВ 

ПОЛИАКРИЛАМИДНЫХ ГИДРОГЕЛЕЙ, СИНТЕЗИРОВАННЫХ 

МЕТОДОМ ФРОНТАЛЬНОЙ ПОЛИМЕРИЗАЦИИ 

А. А. МИНАСЯН 

Работа посвящена изучению динамико-механических свойств полиакрила-

мидных гидрогелей, синтезированных методом фронтальной полимеризации. 

Фронтальная полимеризация – автоволновой процесс распространения тепловой 

волны полимеризации и является нетрадиционным методом синтеза полимеров и 

полимерных композитов. 

Полиакриламидные гидрогели представляют собой трехмерные полимеры, 

способные многократно поглощать и высвобождать большое количество воды и 

активных веществ без изменения первоначальной формы. Благодаря этим свойст-

вам полиакриламидные гидрогели востребованы в сельском хозяйстве, медицине, 

косметологии, пластической хирургии, нефтедобывающей промышленности, 

производстве подгузников и др. 

Методом фронтальной полимеризации синтезированы полиакриламидные 

гидрогели с разной поглощаемостью, исследованы динамико-механические 

свойства полученных гидрогелей в сухом и водопоглощенном состояниях в широ-

ком диапазоне частот возбуждения образца. В работе представлены кинетические 

кривые поглощения и выделения воды, динамико-механические кривые синтези-

рованных полиакриламидных гидрогелей и микроскопическое изображение поли-

мерной сети гидрогелей. 

Показано, что плотность и размер полимерной сети полиакриламидных гид-

рогелей определяют динамические механические свойства гидрогелей. Это, в 

свою очередь, продиктовано водопоглощающими и высвобождающими свойства-

ми полиакриламидных гидрогелей. 
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