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ABSTRACT

The Annals of beeswax applied-Joseon Dynasty have some serious damages such as cracks, brown, red
or black spots, and discolorations by chemical and biological degradation, but others without any bees-
wax application have still been keeping good quality during over several hundred years. It would be con-
vinced that the beeswax applied in the Annals resulted in these deteriorations. Therefore, in order to focus
on the aging mechanism and conservation techniques for the beeswax-applied Annals of Joseon Dynasty,
the beeswax applying and dewaxing techniques of Hanji were tried by auto bar coater with a hot plate,
and by heat-pressure sensitive extracting treatments. The ageing behaviors of beeswaxed Hanji and dew-
axed Hanji were investigated by measuring the changes of physical, optical, morphological, and chem-
ical properties, through accelerated ageing treatment in dry oven at 150°C during 48 hours.
Consequently, the ageing actions of beeswaxed Hanji were even faster than that of Hanji. The optimum
dewaxed amounts from beeswaxed Hanji was also obtained in pressure of 40 kgr under heating
conditions.

Keywords : The Annals of Joseon Dynasty, Hanji, beeswax, dewaxing, conservation
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Table 1. Sheet making factors of Hanji
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2 A of| AR A= U AR A 2hA]F el A
Bopuro} A-§:5}91©.5] Table 1 %1 20f A% 1449} 3t
A O] ANFEA S ettt e ol A A4k
Usto] Aol 905 S22 6500l 9T,
monoester, diester 53} ZH-2 ester Al G
2} fatty acid A o] 2H = o] Fo]A Uik

2.2 LEX| M=

U A= Fig. 10412} Zo] hot plate”} A 2] & auto
bar coater(GIST Co.)E o]-&35}o] A|Z5}4 Tt AF&3H
W] =L 65T o] Hou], ShAlo] Wek £ Al
7+ plate”7} gl 74-$-olli= Weo| §45] A3t o
A3t = EZE AAS 4 9l © B 2 auto bar coatero]] hot

Materials

Paper Mulberry(Broussonetia spp.) 100 %

Cooking condition

Sodium carbonate, Na,COs

Bleaching method Sun bleach

Formation mucilage

Dakpul, Natural formation aid from Hibiscus manohot

Papermaking method Heullimtteugi

Drying method Wood board

Converting method

Dochim, manual calendering

Table 2. Basic information of Hanji

Basis weight, Thickness, pH Ash content,
g/ m’ mm Cold water extraction Hot water extraction %
52.63 0.14 9.71 9.45 2.37
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Table 3. Operation conditions of auto bar coater

Rod bar used in application of beeswax

#4,#1, #22, #32, #40, #44

Coating speed, mm/sec

40

Air pressure of rod bar clamp, MPa

Temperature of hot plate, C

Filter paper
Hot plate

(T2 O

\ \ Ai troll
Machine controller
Air press gauge

Fig. 1. The image of auto bar coater set up hot
plate for preparation of beeswax-applied
Hanji.
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A, GEA|, g5 Ao tfs A5 CEDo|| &3fA1A
Ubbelohde X A% = 7| (Ubb viscometer 2C) S A-&-3}
of Hx=5 S4st. A" S=E U=
Mark-Houwink Z21(Eq. 1)"& A}4-5}¢] DP(Degree
of polymerization) 2 2FAF5}4 31 Franciska 52| A4
FH(Eq. 2)" 22 DPO| Wghg-& A Akat et

[7 ] =k -DPa (Eq. 1)

(p :viscosity (cps)/a =0.85/k':0.909

1/DPn(t) - 1/DPn(0) = kt —-memeememmemmememe (Eq. 2)

(t : certain ageing time)

IE3F XRD(X-ray diffractometer, Phillips)E ©]-&3}
o] Segal and Conrad”'" o] ¥} o] w}e} Eq. 32] 24]S
ol g5tol AHSEE AHEeholrh

Crystallinity index (CI, %) = 100 [(Too2-Lam)/To02]
(Eq. 3)

Too2: 26 =22.7°/ L : 260 = 18°

3. dup ¥ uF
3.0 HE =20 mE =xE 24
Fig. 2= auto bar coaterZ A}&-5}o] Wt
191 o AH8-3trod bare]] w2 Wehe] E
t Axfolct Wit = HEFS O rod bar numbero] A]
rod bar number= 38 %] 2] $}of u}2} vl F o=
shlom, vl E Ak oF 1.4, R H2 0.9889 2 4]
LRt E R 7He oS e ek ?5] THA=

of ot d3pA g & H¢ Y E
o] B Weto] ghA|of 2hE5} ] o

E—|X(—)]

R el

fo Ho o Flo

BN
ri
_l

HT

o]
100% o] A |

150 4

y = 1.3976x + 79.135
R2 = 0.9889

[
w
(=]

o
o

Beeswax amounts to Hanji, %
-
[
o

70

[} 10 20 30 40

Rod bar, number
Fig. 2. The control of beeswax amounts using
coating rod bar.
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Fig. 3. The removal ratio of beeswax according

to dewaxing times under heat-pressure

sensitive conditions.
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Fig. 4. The removal ratio of beeswax according to
heat-pressure sensitive dewaxing treatment
(40 kgr, 10 times) of beeswaxed Hanji after
accelerated ageing at 150C during 36 hr.
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Fig. 5. SEM images(x 500) of Hanji(A), beeswaxed Hanji(B), Dewaxed Hanji(C) under 10 kg: load,

and dewaxed Hanji(D) under 40 kg: load.

(A) B)

© (D)

Fig. 6. CLSM images of Hanji(A), beeswaxed Hanji(B), Dewaxed Hanji(C) under 10 kgf load, and

dewaxed Hanji(D) under 40 kg: load.
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(Fig. 7-B).
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Fig. 7. Changes in mechanical property of Hanji,
beeswaxed Hanji, and dewaxed Hanji after
accelerated ageing at 150C. (A : folding
endurance, B : tensile index, C : zero-span
tensile index)

% Number : A strength of aged-Hanji and
-beeswaxed Hanji compared with non-aged Hanji
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Fig. 9. Changes in chemical property of Hanji,
beeswaxed Hanji, and dewaxed Hanji
after accelerated ageing at 150C.
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