
 

 

 

9



  
 

 
 

 

4  
 

  

  

 

 

  

 ,

  

 

 

,  1

 2

3  

 (Tg)

4  

 DSC(TMDSC) (DLS)

 

1   

 

2   



 DSC(TMDSC) (DLS)  

3  (PSA-300, PSA-500, 

PSA-1000)   (Tg)

( )   

PSA-300  (Tg)

 3 ,

(Tg)

PSA-

300, PSA-500 PSA-1000  0.77kJ mol-1 3.5kJ mol-1 1.6kJ mol-1

  

 3

 

 
4  PSA-500   

TMDSC DLS  (Tg)

DLS Tg

  

(10-6 102s)   

TMDSC Tg  

 α

DLS  

Tg

 α   α

 
 

  



S u m m a r y 
 

The study of enthalpy relaxation for amorphous styrene oligomers 
 

� This thesis describes the observation of the enthalpy relaxation phenomenon for amorphous 

styrene oligomer by an adiabatic calorimeter and the result of the temperature dependence of 

enthalpy relaxation times for styrene oligomer at around glass transition temperature (Tg) 

observed from various measurement methods. It consists of 4 chapters. 

� Enthalpy relaxation of amorphous samples using the adiabatic calorimeter has been studied 

for simple molecular structures like molecular glasses. However, there is no example directly 

measuring enthalpy relaxation of oligomer and polymer in amorphous state by using the 

adiabatic calorimeter. Therefore, I aim to clarify the universal characteristics of relaxation 

phenomenon of amorphous state and the characteristic feature of amorphous polymer through 

measuring the enthalpy relaxation of amorphous styrene oligomer and polystyrene. It is known 

that molecules and/or clusters constituting the amorphous state cause a relaxation and diffusion 

motion near Tg. In order to understand the relaxed and diffusive motion in the amorphous state, 

it is necessary to know the physical properties of the glass transition across a wide space and a 

wide time scale, because there is little information available in the amorphous state.  

� In this thesis, the outline of the amorphous(glassy) state was explained in chapter 1. In 

chapter 2, it was described for various measurement methods which are effective tool for 

investigating the relaxation phenomenon near the glass transition region. In chapter 3, enthalpy 

relaxation near Tg of amorphous styrene oligomers with different molecular weights was 

directly measured using an adiabatic calorimeter, and the amount of enthalpy relaxation 

depending on the molecular weight at the glass transition temperature (Tg) was evaluated. In 

chapter 4, the relaxation phenomenon near the glass transition of amorphous styrene oligomer 

was measured from various measurements such as adiabatic calorimetry, 

temperature-modulated DSC (TMDSC), dynamic light scattering (DLS), dielectric relaxation 

and viscoelastic measurement. I evaluated the temperature dependence the relaxation time of 

enthalpy relaxation and compared the relaxation time with that of other measurement methods 

and discussed the relevance to enthalpy relaxation. 

� Chapter 1 was an introduction and summarizes the research on the glass transition 

phenomenon, and based on the results, it described the circumstances in the study of the 

relaxation phenomenon of amorphous styrene oligomer and the purpose of this research. 



� In chapter 2, I explained the devices of the adiabatic calorimeter, temperature modulation 

DSC (TMDSC), dynamic light scattering (DLS), dielectric measurement, viscoelastic 

measurement, which were observed the relaxation phenomena at around Tg. I also showed how 

the relaxation time could be evaluated from each measurement method at around Tg. 

� In chapter 3, with respect to amorphous styrene oligomers have different molecular weights, 

the temperature drift rate was measured near Tg using an adiabatic calorimeter. From the results, 

it was found that the enthalpy relaxation rate and the configurational enthalpy relaxation amount 

calculated and evaluated. The enthalpy relaxation amount of amorphous styrene oligomer was 

0.77kJ mol-1, 3.5kJ mol-1 and 1.6kJ mol-1 and it was revealed that it is a large configurational 

enthalpy relaxation amount as compared with molecular glass. From the results obtained this 

time, it was clarified that three amorphous styrene oligomers with different molecular weights 

are not simple molecular weight dependence. 

� In chapter 4, relaxation phenomena around the glass transition temperature (Tg) were 

observed using an adiabatic calorimeter, temperature modulation (DSC), dynamic light 

scattering (DLS), viscoelastic measurement and dielectric relaxation of amorphous styrene 

oligomer. The results of the relaxation phenomena and mechanical measurements above the Tg 

observed using adiabatic calorimeter, TMDSC, and dielectric relaxation measurement were 

revealed to be due to α relaxation process directly related to glass transition. The relaxation 

phenomena studied using DLS corresponded to simple diffusion. The relaxation phenomenon 

observed using an adiabatic calorimeter below Tg is also attributed to the alpha relaxation 

process, but it is measured in thermodynamic nonequilibrium and therefore shows temperature 

dependence different from other α relaxation processes. 

� In summary, I evaluated the molecular weight dependence of the amount of enthalpy 

relaxation for amorphous styrene oligomer using an adiabatic calorimeter at around the glass 

transition temperature and compared the temperature dependence of relaxation time evaluated 

from enthalpy relaxation with that of other various measurement method near the glass 

transition temperature. From such a result, it becomes possible to control amorphous materials, 

and is expected to be applied to measures for physical deterioration over a long period of time. 
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