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Calorimetric Analysis on Enthalpy Relaxation in Xylitol Glass

GAO Cai” YANG Suo LIU Xiang-Nong WANG Tie-Jun JIANG Bin
(School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei 230009, P. R. China)

Abstract: To investigate the enthalpy relaxation behavior of xylitol glass and the influence of carbon chain length on
the glass transition and relaxation of polyalcohols, differential scanning calorimetry (DSC) was employed to obtain the
specific heat capacity (C,) near the glass transition temperature (7},) at different cooling rates. A curve-fitting method was
used to obtain the TNM (Tool-Narayanaswamy-Moynihan) model parameters and the results were compared to the
published data of other polyalcohols. Although the TNM model can be used to reproduce the experimentally
normalized C, curves of xylitol, different model parameters were found at different cooling rates, indicating that the
TNM model parameters are not material constants but are sensitive to the thermal history. The pre-exponential
parameter (InA), non-linear parameter (x) and non-exponential parameter (3) decreased as the cooling rate increased
while the apparent relaxation activation enthalpy (Az*) changed inversely. We found that 7,, Ah"/R and the dynamic
fragility (m) increased as the alkyl carbon chain increased while x and 8 showed an approximate decrease except for the
case of xylitol.

Key Words: Xylitol; Glass transition; Enthalpy relaxation; Tool-Narayanaswamy-Moynihan model;
Differential scanning calorimetry
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Fig.1 Specific heat capacity curves of
xylitol near T, at different cooling rate
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Table 1 Glass transition temperature (T,) and enthalpy recovery parameter of xylitol
gJ(K-min™) T/K Troio0o /K Towa /K Ty /K Tw/K Tiw/K ACAT)I(J+ g™ K AH/(+ g™

0.5 241.4 244.2 248.2 247.6 250.6 248.8 0.97 3.41
1 242.5 244.7 247.4 247.3 250.2 248.2 0.96 2.66

2 243.1 245.3 246.7 247.0 249.8 247.8 0.97 1.96

5 244.3 245.9 246.3 247.1 249.4 247.6 0.96 1.26

10 244.9 246.4 2459 247.1 249.3 247.5 0.96 0.59

20 245..6 247.1 245.8 247.2 249.7 247.7 0.98 -

The deviation of T, is £0.5 K; g.: cooling rates; T limiting fictive temperature; 7,-0,: temperature at which the relaxation time is 100 s; T, Onset

temperature; Tyq,: half cp extrapolated temperature; Ty: inflection point temperature; Ty: half width temperature; AC,(T,): C, increment during the

glass transition process (+0.01); AH: recovery enthalpy (+0.04)
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Fig.2 Experimental data (open circles) and TNM fits (lines) for normalized heat capacities (C})
heating rate (K-min™): 10; (—g./(K-min™)): (a) 0.5, (b) 1, (¢c) 2, (d) 5, (e) 10, (f) 20



No.X H A AR KA st R A 0005

*2 HMEMESFEBINAEEEEE TNM ERSH
Table 2 TNM model parameters of xylitol obtained
using curve-fitting method

g/(k-min™)  (AR/R)/K —In(A/s) B X
0.5 39840+1024 157.8+0.75 0.714+0.005 0.564+0.003
1 39900+1893 158.2+0.62 0.687+0.006 0.552+0.009
2 40020+1226  158.6+0.47 0.699+0.005 0.568+0.004
5 40860+1359 162.2+0.51 0.642+0.004 0.451+0.003
10 42120+2261 167.4+0.40 0.613+0.001 0.393+0.002
20 43080+1746 171.2+0.30 0.622+0.005 0.372+0.002

Ah*: the relaxation activation enthalpy; R: the gas constant;
A: pre-exponential factor; 8: non-exponential parameter;

x: non-linear parameter
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Table 3 Comparison of the values of TNM model parameters and fragility (m) for some linear polyalcohols

Material T./K (AR/IR)/IK X B —In(A/s) m AC/TH/J-g" K™ Ref.
ethylene glycol 158.3 63800 0.61 0.64 38.4 40 1.00 [22]
1,2-propanediol 166.8 22335 0.34 0.64 129.3 58 1.05 [24]
glycerol 191.4 31890 0.28 0.55 162.0 54 0.94 [25]
erythrite 228.3 - - - - - 1.02 [9]
xylitol 244.9 42120 0.39 0.61 167.4 75 0.96 this work
sorbitol 267.5 67280 0.16 0.37 34.5 127 0.94 [26]
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