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Abstract Continuous exposure to high-energy ultrasonic

waves depolymerizes macromolecules in solutions and

produces a permanent reduction in viscosity. Different

factors affect the efficiency of this process. In this study,

ultrasonic degradation of one commercially important

hydrogel based on acrylic acid and acrylamide cross-linked

with N,N-methylenebisacrylamide (NMBA) was carried

out in aqueous solution at room temperature (25 �C). The

purpose of this study was to present new experimental data

for this ultrasonic degradation. In this respect, the effect of

sonication parameters (power and pulse) on the rate of

degradation was investigated. Granule disintegration was

determined using a method to measure the swelling power

of hydrogel. A method of viscometry was used to study the

degradation behavior of the hydrogel and a first-order

kinetic equation was employed to calculate the degradation

rate constants. The experimental results indicated that the

rate of ultrasonic degradation increased with increasing

ultrasonic power and pulse. FTIR and UV spectrometry

measurements confirmed that the degradation proceeded by

mechanical forces. A detailed degradation mechanism has

been proposed including chain scission. The present study

has enabled us to understand the role of the ultrasonic

parameters in deciding the extent of viscosity reduction in

hydrogel systems.
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Introduction

Controlling degradation behavior has been one of the

critical issues in general biomaterials research and has been

widely investigated to date [1–4]. In general, biomaterials

need to be cleared from the body once they complete their

roles in the body, and degradable materials could be ideal

for this purpose. Thus, sometimes, polymers and gels may

need to be degraded. For certain applications, polymers

with lower molecular mass have advantages over the high

molecular mass candidates, due to their improved diffusion

into biological tissues. Shortening of the macromolecular

chains can be achieved by various methods such as ther-

mal, photo and catalytic degradation [5–7]. Methods like

UV [8–12], gamma radiation [12, 13] and microwave

[13, 14] are also important. Polymers can be degraded

thermally by pyrolysis, but the process consumes much

energy. Therefore, alternative techniques that can reduce the

energy of the degradation process are important. Ultrasound,

photo and chemical methods require less energy for polymer

degradation. Further, interactions between them and the

polymeric systems can help find the degradation pathways or

mechanisms [15–17].

The polymers undergo degradation when they are sub-

jected to high intensity ultrasound. Many scientists have

investigated the ultrasound degradation of polymers. The

effects of various parameters like ultrasound pulse and

intensity [16–19], frequency [19, 20], dissolved gases [20],

vapor pressure [21], solvent [21], temperature [21–24],

volume [23, 24], molecular weight [25, 26] and polymer

concentration [23–28] on the ultrasonic degradation of

polymers have been investigated [29–34].

Sound waves do not directly interact with the polymer,

but act on the solvent causing the growth and rapid collapse

of micro-bubbles resulting in high shear forces [35, 36].
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