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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) x 20 mm (length) x 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 20-180°C 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
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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).
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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).



polyacrylamide hydrogels are dependent on the density of the polymer
network of the gels.

20 pm

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.
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UCCJIENOBAHUE TUHAMUKO-MEXAHUYECKHX CBOMCTB
MOJMAKPUJIIAMUIHBIX THJIPOTEJEN, CAHTE3UPOBAHHBIX
METO/IOM ®POHTAJIbHOM IMMOJIUMEPU3ALIANA

A. A. MUHACSIH

Pa60Ta TMOCBAIICHA H3YYCHUIO JUHAMHKO-MEXaHUYCCKUX CBOWCTB MoJimaKpuia-
MUJHBIX TUIpOTeNed, CHHTE3UPOBAHHBIX METOJOM (PPOHTAIBLHON MOIMMEpU3aIINY.
OpoHTaNbHAS TIOTUMEPU3AIHS — aBTOBOJIHOBOW MPOIECC PACHPOCTPAHEHUST TEIIOBOM
BOJIHBI IMMOJIMMEPU3AINN U ABJIACTCA HETPAAUIMOHHBIM METOJIOM CHUHTE3a MOJIMMEPOB U
TIOJIMMEPHBIX KOMITO3UTOB.

[TonmaxkpunaMuaHbIe THAPOTETH IMPEACTABISIOT CO00I TpexXMepHBIE MOIHMEpHI,
CIOCOOHBIE MHOTOKDPATHO IMOMJIOIIATh U BBICBOOOXKIATh OOJIBIIOE KOJMYECTBO BOJIBI U
AKTUBHBIX BEIIECTB 0€3 W3MEHECHHUS MEePBOHAYATIBHOM (opMbl. Biaromapst 3Tum CBOMCT-
BaM MOJIMAKPUIAMHUJIHBIC TUAPOTCIN BOCTpe6OBaHBI B CEJIbCKOM XO3$II\/'ICTBC, MCIOUIUHC,
KOCMETOJIOTHH, IUIACTUYECKOW XHUPYpruu, HedTeqo0bIBalonel NPOMBIIUICHHOCTH,
MIPOU3BOACTBE MOATY3HUKOB U JIP.

MeronoM QpPOHTATBEHON MOJUMEPHU3AIMH CHHTE3UPOBAHBI TOJIHAKPHUIAMHUTHBIE
THAPOTEIN C pPa3HOW TIOTJIOMIAEMOCTBIO, WCCIEA0BaHbl JTUHAMUKO-MEXaHUIECKHE
CBOIiCTBa TITOJTYYCHHBIX rmlporenef/'l B CYXOM M BOAOIIOTJIOMIECHHOM COCTOAHHUAX B IIHUPO-
KOM JIMara3oHe 4acTOT BO30OykaeHus: oOpasna. B pabore mpeacTaBieHbl KUHETHIECKIE
KPUBBIC MOTJIOIICHUA W BBIACJICHUA BOJAbI, TMHAMHUKO-MCXaHNYCCKUE KPUBBIC CUHTE3U-
POBAHHBIX MOJIMAKPUITIAMUIHBIX rmlporeneﬁ 1 MUKPOCKOIMMYECKOC I/I306pa)KeHI/Ie I10JIU-
MEpHOU CeTH TuJiporese.

ITokazano, 4TO TUIOTHOCTh W pa3Mep MOJMMEPHOW CETH MOJUAKPUIAMHIHBIX TH/I-
poreneil ompeAeNAOT JUHAMHYECKHE MEXaHWYeCKHe CBOMCTBa THaporeied. ITo, B
CBOIO OY€pellb, MPOJAUKTOBAHO BOJOIMOTIIOMAIONIIMHI U BRICBOOOKJAIOIIMME CBOMCTBA-
MU IMOJIUAKPUIIAMUIHBIX rmlporeneﬁ.
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