
RESULTS AND DISCUSSION 
 

Both DAP and TAEA react with PDMS-DGE at relatively low temperatures and 

produce dense networks but in a different way. Hydroxyl group of DAP residue can 

form hydrogen bonds while TAEA is a triamine and is able to bond an additional 

PDMS chain. Liquid components were chosen regarding their solubility parameter 

(δ) in such a way that it was greater than δ value of PDMS. Both values of Hansens 

solubility parameters that define compatibility of gel components [2] and electrical 

conductivities of pure liquid components increased in sequence PDMS<benzene<t-

butanol<ethanol. The highest mass fractions of benzene, ethanol and t-butanol that 

resulted in stable, firm and in case of TAEA brittle gels, varied between 25 and 28 %. 
 

As in the case of the corresponding gel networks that did not contain a liquid 

component, the apparent firmness of gels irradiated up to D= 50 kGy was preserved. 

Liquid components had little influence on the residual mass upon Soxhlet extraction 

of TAEA-cured gels (figure 1, table 1). Only in TAEA-cured gels containing alcohols 

there was a significant decrease of residual mass. DAP-cured gels behaved 

differently. Compared to pure gel network the residual mass of non-irradiated gels 

was reduced, particularly in those containing alcohols. However, on irradiation the 

residual mass was 18 % higher in DAP-cured gel with ethanol and a 12 % higher in 

case of t-butanol what may indicate radiation crosslinking. Unfortunately, DAP-cured 

gels containing alcohol were too soft so swelling experiments couldn’t be done. In 

other gels no change in extent of equilibrium swelling in hexane was observed on 

irradiation contrary to the corresponding gel networks (table 1). In all irradiated gels 

and gel networks equilibrium swelling percentage was reached in a significantly 

shorter time what may indicate some radiation degradation. 
 

The electrical conductivity of non-irradiated gels increased proportionally to the 

increase in solubility parameters of liquid components. The increase in benzene 

containing gels on irradiation was similar and independent of the amine used for 

curing (table 1, figure 2). Interestingly in irradiated DAP-cured gel with t-butanol 

there was no conductivity increase while in gel with ethanol electrical conductivity 

decreased for about two orders of magnitude. Presumably t-butanol and particularly 

ethanol participated in hydrogen bonding to DAP residue what increased polymer 

network density of the gel and reduced charge mobility. The dependence of 

conductivity on frequency (slope and plateau) was influenced by the amine used for 

curing. In TAEA-cured gels it was about the same irrespective of liquid component 

and irradiation. On the other hand, DAP-cured gel network and benzene containing 

gel have similar frequency ranges of conductivity plateaus while in the ones 

containing alcohols those ranges increased significantly indicating reduced order. 
 

In all studied gels DSC revealed an endothermic transition (figure 3). It is not true 

melting because there is no corresponding exothermic transformation on cooling and 

it doesn’t appear on immediate reheating. However, it reappears if the same 

experiment is repeated on the same sample after several days so it is not caused by 

residual reaction. Presumably it is a consequence of reversible gel network collapse. 

Contrary to corresponding gel networks enthalpies of endothermic transformations 

(table 1) of all irradiated gels were significantly lower than those of non-irradiated 

ones except in TAEA-cured gel with ethanol. Unlike in pure gel-networks there is no 

consistent shift of peak temperatures on irradiation. The peaks in thermograms of 

DAP-cured gels are generally sharper and some contained an additional lower 

temperature sharp peak. 

 

Liquid components influence on γ-radiation response 

of some low temperature cured PDMS gels 

INTRODUCTION 

Polymer gel is generally defined as polymer-solvent system in which macromolecular three-dimensional network retains a liquid component sometimes in large amounts. Important aspect of gel is its compatibility with chosen 

liquid component that may be assessed according to their Hansens solubility parameter (δ). [1] Diglycidyl ether terminated poly(dimethylsiloxane), PDMS-DGE was reacted with selected amines [2] to prepare gels containing 

chosen liquid components of relatively low boiling points. On exposition to ionizing radiation polysiloxanes can either degrade or crosslink. [3] The aim of this work was to determine if and how amine type and liquid components 

affect the properties and the response of prepared gels to gamma radiation. 
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MATERIALS AND METHODS 

To prepare gels PDMS-DGE was diluted either with 96 % ethanol, t-butanol or benzene and then cured at 50 ºC. Curing agents were a diamine 1,3-diamino-2-propanol (DAP) and a triamine tris(2-aminoethyl)amine (TAEA). Obtained gels were irradiated in ambient conditions at a dose rate of 7.8 Gy/s in 60Co γ-irradiation facility of Laboratory for 

Radiation Chemistry and Dosimetry, Ruđer Bošković Institute (RBI) in Zagreb, Croatia to D= 50 kGy. The non-irradiated and irradiated gel samples were extracted with hexane in Soxhlet apparatus for 48 hours. Swelling in hexane at 23 ºC was measured at selected intervals for at least 12 hours except for DAP-cured gels with alcohols that were too 

soft. DSC measurements were performed on Perkin Elmer Pyris Diamond DSC in nitrogen atmosphere at a rate of 20 ºC/min. The sample masses were about 5 mg and were put in Al sample pans. DSC thermograms were normalized to sample mass. Dielectric spectra of samples were recorded at room temperature (23 ºC) on Novocontrol 

Technologies instrument with Alpha-A High Performance Frequency Analyzer, standard BDS1200. Gel samples were put into 3 mm high teflon holder with 5 mm diameter and brass electrodes. 

CONCLUSIONS 

• Both the liquid component and the type of amine used for curing 

influenced gel properties and outcome of irradiation of studied 

PDMS-based gels but in various ways. 

• Ability of any of the gel components to participate in hydrogen 

bonding seems to be the most important factor. 

• There is not enough data to confirm degradation on gamma 

irradiation to D= 50 kGy. 

• In alcohol containing DAP-cured gels, changes consistent with 

radiation crosslinking were observed by all experimental techniques, 

particularly in the gels containing ethanol as a liquid component. 

Figure 1 The percent of residual sample mass after 24 and 48 hours of Soxhlet 

extraction in hexane of PDMS-DGE gels prepared with selected amines and liquid 

components irradiated to D= 50 kGy compared to non-irradiated ones. 

 

Figure 3 DSC thermograms of PDMS-DGE gels prepared with selected amines and 

liquid components irradiated to D= 50 kGy compared to non-irradiated ones. 

Figure 2 AC electrical conductivity of non-irradiated and D= 50 kGy irradiated 

PDMS-DGE gels prepared with selected amines and liquid components. 

Table 1 Peak temperature and enthalpy of endothermic transformation (DSC), 

AC electrical conductivity, residual mass on Soxhlet extraction and results of 

swelling in hexane of non-irradiated PDMS-DGE gels and those irradiated to 

D= 50 kGy (average values of two measurements). 


