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I would like to explain our study about this (title: DYNAMIC GLASS TRANSITION OF CHLOROPRENE RUBBER UNDER STRESS BY TEMPERATURE-MODULATED DSC). 



Introduction

Recently dynamic heat capacity of various polymers
has been measured by using TMDSC (temperature-
modulated DSC). 

One of main aims of such measurements

In the glass transition region
• vitrification
• relaxation process
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Recently dynamic heat capacity of various polymers / has been measured by using TMDSC. One of main aims of such measurements / is to study the vitrification and relaxation processes in the glassy state. It is interesting to study the relaxation process not only physically but industrially.



Experimental
The dynamic heat capacity in the glass 
transition region for various frequencies TMDSC

relaxed and stressed rubbers

• Sample ： Chloroprene rubber (+ 35per Carbon black)

(Engineer use typical synthetic rubber)

• DSC ： DSC822e/400 (METTLER TOLEDO) 

• Experimental condition ：
Amplitude = 0.5 K
Heating rate = 1 K/min
Period = 60,75,90,105,120,135,150,165,180,210,240,300s
(But stressed rubber are 60, 90, 120, 150,180,210,240s)
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We measured the dynamic heat capacity in the glass transition region of various frequencies for relaxed and stressed rubbers using TMDSC. The samples are Chloroprene rubber. And it contains 35% of carbon black. Chloroprene rubber is used for engineers generally, in particular, as a shock absorber for earthquake in Japan. We used DSC apparatus of METTLER TOLEDO. And the experimental conditions are here.



the real part  :  c’
the imaginary part  :  c"

The heat capacity spectroscopy in the glass transition region

The frequencies dependence of the dynamic glass 
transition temperature Tg

relaxed and stressed rubbers

We understood by well known non-Arrhenius type VFTH (Vogel-
Fulcher-Tamman-Hesse) equation

The temperature dependent on the glass transition cooperativity Nα
from the fluctuation approach
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We studied the heat capacity spectroscopy for the relaxed and stressed rubbers at first in the glass transition region (for real part c’ and for imaginary part c”). Then, we obtained the frequency dependence of the dynamic glass transition temperature Tg. The Tg for the both rubbers, namely relaxed and stressed, were understood by well known non-Arrhenius type VFTH equation. Finally, we obtained the temperature dependent on the glass transition cooperativity Nα from the fluctuation approach.



Sample preparation for the stressed rubber

The stressed rubber is 
compressed by the lid with screw.

About 5MPa pressure is given for 
the sample around Tg temperature. 

When the rubber is compressed by the stress, the free volume is 
reduced due to the compression of the phase space. 

How VFTH parameters and cooperativity for stressed 
rubber change. 

stress
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Pressure pan of METTLER TOLEDO used our study is like this. The stressed rubber is compressed by the lid with screw. About 5MPa pressure is given for the sample around Tg temperature. When the rubber is compressed by the stress, we think that the free volume is reduced due to the compression of the phase space. We are interested how VFTH parameters and cooperativity for stressed rubber change.
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The dynamic glass transition temperature Tg

The heat capacity spectroscopy in the glass transition region
the real part  :  c’
the imaginary part  :  c"
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Results
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The heat capacity spectroscopy in the glass transition region is like this. And the peak temperature of c" / is the dynamic glass transition temperature Tg. For the relaxed rubber, at higher ω, the Tg shifts to higher temperature. For the stressed rubber, we found the same behavior like this. And the stressed rubber’s Tg is lower than the relaxed rubber’s Tg.
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VFTH equation

A = 12.03
B = -688.88 K
T∞ = 181.88 K

Analysis
We used well known non-Arrhenius type 
Vogel-Fulcher-Tamman-Hesse (VFTH) equation.

A = 22.12
B = -1756.17 K
T∞ = 159.89 K

Relaxed rubber Stressed rubber
VFTH parameter :
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We used well known non-Arrhenius type VFTH equation, in order to find T∞ (Vogel temperature) of the both rubbers. The VFTH equation is this formula. Where A and B are constants, and T∞ (infinity) is Vogel temperature, and T is glass transition temperature for the fixed ω. Then fitted parameters are shown here.



Relaxed and stressed rubber can be fitted by the VFTH.

The stressed rubber’s Tg is lower than the relaxed rubber’s Tg. 
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Our fitted results are shown in this figure. The relaxed rubber is fitted by VFTH. We found also that the stressed rubber / had same behavior. Compared with the fitted curve for the relaxed rubber, that for the stressed rubber shifts to the left hand side. This means that the stressed rubber / has the VFTH behavior with small free volume. 



We used the fluctuation approach to obtain the temperature 
dependent on the glass transition cooperativity Nα.
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R : the gas constant
Tω : the dynamic glass transition temperature for the frequency ω
M0 : the molecular weight of the relevant particle
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We used the fluctuation approach by Donth to obtain the temperature dependent on the glass transition cooperativity Nα. Nα is obtained from this formula. These parameters are like this.



Relaxed rubber Stressed rubber
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The obtained temperature dependence of the δT and ΔCp for the both rubbers / are shown in these figures. Since temperature range was not so wide, the δT is almost constant. And the value of the δT for the relaxed rubber is 2.7K, and that for the stressed rubber is 2.6K / as an average. On the other hand, both ΔCp show temperature dependence. These dependencies are weak for the relaxed rubber and strong for the stressed rubber. 
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Cooperativity Nα is defined by the fluctuation approach after Donth as this formula. Where A and Ton are constants, and T∞ (infinity) is the Vogel temperature by VFTH fitting. And the fitted results are like this. Our temperature dependence of Nα for the both rubbers / shows similar behavior to the other materials as shown in reference. The temperature dependence of cooperativity Nα / was shifted downwards in the stressed rubber. The number of the cooperativity decreases by stress / but temperature dependence is unchanged.



Cooperativity parameter :

Both rubbers have nearly same parameter.

Discussion

A Ton(K)
relaxed rubber 5.45 335.6
stressed rubber 5.37 337.0 

Other materials
polystyrene 10.9 429

styrene butadiene rubber 6.8 275
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As a discussion in this study, cooperativity parameters of both rubbers are summarized in the table. Both rubbers have nearly same value. Compared with SBR, a kind of rubber, we found similar value for the Nα.



Conclusion
• Measurement of the rubber under stress can be performed 
in TMDSC by using normally optioned pressure pan.

• The relaxed and stressed rubber can fit by the VFTH 
equation similarly.

• Although Nα value is different between both of rubbers, 
their temperature dependencies are same.

• Glass transition behavior for the stressed rubber can be 
explained cooperativity. 
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Finally, let me conclude our study here.Measurement of the rubber under stress / can be performed in TMDSC by using normally optioned pressure pan.The relaxed and stressed rubber / can fit by the VFTH equation similarly.Although Nα value is different between both of rubbers, their temperature dependencies are same.Glass transition behavior for the stressed rubber can be explained cooperativity. That's all.
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