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Abstract The core issue of the protection and preservation of paper documents and cultural relics is to prolong their life-
time as much as possible, and regular deacidification of paper documents and cultural relics is a widely used method for ex-
tend the lifetime. In recent years, there has been increasing attention on how to evaluate the effectiveness of deacidification.
Chinese traditional handmade paper serves as an important medium for the printing of ancient books and the creation of cal-
ligraphy and painting, but there is a lack of research on the evaluation of its deacidification effect. This study selected hand-
made mulberry paper as the research object, and comprehensively evaluated the effectiveness of paper deacidification based
on life expectancy. The kinetic analysis of dry-heat aging process of mulberry paper showed that the degradation of mulberry
paper follows the classical first-order degradation kinetics. Then, the life expectancy of mulberry paper before and after dea-
cidification was predicted using first-order kinetics and Arrhenius equation. The results showed that the life expectancy of
mulberry paper increased by approximately 5 times after deacidification. Therefore, we can conclude that even for traditional
Chinese handmade paper, which already has a long lifetime, regular deacidification still can significantly extend its lifetime.
In addition, several parameters, including pH, tensile index, color difference and oxidation degree, were measured and ana-
lyzed before and after deacidification. The pH value and tensile index testing showed that the deacidification process in-
creased the surface pH value of paper, which effectively inhibited the acidification rate of the paper and slowed down the
decline of the tensile index. The results of chromaticity and Fourier transform infrared spectroscopy measurement showed
that color difference and oxidation degree of paper after deacidification were slightly increased. The microscopic and optical
images showed that the morphology of the fibers was basically the same before and after deacidification. The results of the
study can be extended to the evaluation of deacidification effectiveness and life expectancy of other types of paper, and
providing a multi-faceted and more practical methods and experimental basis for evaluation of paper deacidification effec-
tiveness.
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Table 1 Parameters of first-order kinetics and Arrhenius equation
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Figure 1 DP, (a) and In(1—1/DPy)—In(1 —1/DP,) (b) as a function of aging time at 105 °C, and rate constant as a function of temperature for mulberry

paper before and after deacidification (c, d)
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Figure 3 (a) Color difference and (b) percentage of oxidation degree
increase for mulberry paper before and after deacidification
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Table 2 CIE color coordinates of mulberry paper before and after dea-
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Aging time/d L* a* b* AE*
Mulberry paper

0 87.86 0.26 8.98 —
20 87.66 0.35 10.95 2.00
45 87.4 0.17 11.52 2.59
62 87.24 0.30 12.72 3.80
90 86.82 0.43 14.77 5.89
121 85.50 1.63 18.95 10.34
154 85.06 1.61 19.72 11.19
178 85.08 1.50 19.98 11.42

Mulberry paper (deacidification)

0 89.4 0.24 10.48 2.19
20 85.54 1.24 15.64 7.14
45 85.67 1.34 17.60 8.97
62 86.13 1.17 17.78 9.01
90 85.07 1.23 18.92 10.38
121 84.54 1.51 20.24 11.81
154 84.52 2.11 21.26 12.87
178 84.29 1.71 21.61 13.20
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Figure 4 Fiber morphology images of (al ~a8) mulberry paper, (bl ~b8) mulberry paper-treated with different accelerated aging times. The inserted
small figures on the up-right of each figure is the colors of the paper
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