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ABSTRACT

In this study, to understand the aging factor and mechanism in different partitions of the beeswax-treated
volumes, the duplicated beeswax-treated volume was artificially aged at 80 C of temperature and 65%
of relative humidity and then a physical and optical properties of an aged volumes was analyzed. Also,
the degraded components of the beeswax samples isolated from different partitions of aged volumes was
measured using a gas chromatography / mass spectroscopy (GC/MS). In results, the surface of bees-
wax-treated volume which is primarily affected by a main aging factors such as light, oxygen, moisture
was more deteriorated than the inside of that volume. However, unlike inside of the book volume which
was made from paper, the inside of beeswax-treated volume wax was also considerably deteriorated. The
inside of the beeswax-treated volume is largely unaffected by the oxygen and humidity during aging due
to the water repellency and the air permeation resistance of beeswax. Therefore, it is confirmed that aging
factors and mechanisms in the inside of the volume are different from thats of the outside of the volume.
This fact was also verified by the results of GC/MS analysis of an beeswax samples which was sampled
from different partitions of aged volumes. As result as GC/MS analysis of the beeswax extracted from
the outside of the aged volume, the low molecular compounds with a carbon length of Co-Cyo (fatty acid,
etc) were increased and the compounds with a carbon length of above Cs4 (ester, etc) were also increased.
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But the compounds with a chain length of C,;-Cse (hydrocarbon, alcohol, etc) were decreased. In case
of the aged beeswax of inside, the low molecular compounds with a carbon length of Co-Cy (fatty acid,
etc) and the compounds with a chain length of C,;-Cs¢ (hydrocarbon, alcohol, etc) were increased. While,
the compounds with a carbon length of above C34 (ester, etc) were decreased.

Keywords : Beeswax-treated duplicates, Aging factor, mechanism, humid artificial aging, aging

characteristics for each partition
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Table 1. Characteristics of beeswax-treated sheets in the annal of King Sejong and duplicates.

Grammage Density Thickness Weight of beeswax Coating
(g/m’) (g/cm) (mm) (g/m’)
King Sejong 114.70 0.77 0.150 >53.38 coated on both side
Duplicates 120.00 0.77 0.155 56.31 coated on both side
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Fig. 1. Measured parts of each volumes for analysis.
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Table 2. Operation conditions of GC

Parameter Condition
Column J&W Scientific HT-5MS (30 m x
0.32 mm % 0.25 ym)
Carrier gas He (99.9999%)
Inlet mode Split
Split ratio 10:1

Column flow | 2.0 m{/min (constant flow)
Injection temp. | 300 C

Oven temp. initial - 50°C (5 min)

1 ramp - 4°C/min, 110C (5 min)

2 ramp - 10°C/min, 350°C (10 min)

Table 3. Operation conditions of MS

Parameter Condition
Ionization mode Electron Impact (EI)
EM voltage 70 eV
Ion source temp. 200 C
Detection mode Scan mode
Solvent delay 180 seconds
Mass range 35-350 amu
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Fig. 2. The ratio of MIT type folding endurance (left) and tensile strength (right) of the
aged samples based on 100% for that of unaged sample.

In this figure, TI, TC, TO :
MC, MO :

inner, center and outer of top part, respectively, MI,
inner, center and outer of middle part, respectively.
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Fig. 3. The change of L* (a), a* (b), b* (c), and AE (d) of the each aged samples.
In this figure, TI, TC, TO : inner, center and outer of top part, respectively, MI,
MC, MO : inner, center and outer of middle part, respectively and L* value was
calculated as the ratio of that of aged sample, based on 100% for that of unaged
sample.
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In this figure, TC, MC : center of top and middle parts, respectively.
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