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Abstract

‘Jikjisimcheyocheal (Jikji afterwards)’ is known as a first book printed by the metal type in the world..
The metal type used for printing this book has not been found yet. To help for replicating the original metal
type, it is required to investigate the composition analysis of the copied metal type. In this study, the com-
position analysis and thermodynamic care for replicating of ancient metal type was performed on the basis
of an analytical reports concerned with the ancient metal type which made after Jikji printing. Metal types
were made by remelting and casting of the mother alloy which came from a cast of a mixed metals in
accordance with the composition revealed in the literatures. Change of composition during remelting of mother
alloy and casting of metal was detected by the EDS analysis. The reasons for variation in composition were
discussed by metallurgical and thermodynamic point of view, and a mixing ratio of metals to get the original
composition of ancient metal type is suggested. Some attention should be paid on mixing, melting and casting
of metals to get an objected composition for copy of ancient metal type.

Keywords: Jikjisimcheyocheal, Metal type, Composition, Replication, Remelfing, Casting, Metallurgical and
thermodynamic base, Mixing ratio
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Table 1. Composition of mother alloy for metal type
‘Imjinja’
Element Line |Weight (%)| Cnts (s) |Atomic (%)
Si Ka 1.41 15.64 321
Fe Ka 1.94 9.75 222
Cu Ka 91.33 186.62 91.71
Sn La 5.32 27.45 2.86
Total 100.00
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Fig. 1. Result of EDS analysis of mother alloy for metal type ‘Imijinja’.
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Table 2. Composition of metal type ‘Imjinja’ made of 9l&le] BEFLS WY FEIRE WE o AR
remelted mother alloy o] Wae ¥ 3¢ YeENATh XA Cu90 Snlo
Element Line | Weight (%)| Cnts (s) |Atomic (%) S U2 ) 24 @xE5Fe 24 W] v
Si Ka 0.36 3.25 0.82 FE 95l whE Aot}
Fe Ka 1.78 7.50 2.06 F 3004 & S 9%o], RE A=A Yol ul
Cu Ka 93.04 158.49 94.50 3 zA BT ?“j’], HlAs Z7E ol Be w3}
Sn La 4.82 20.75 2.62 7F AQI, ok, FA, Y S9] 7aEE Aog U
Total 100.00 yth o]2 242 WsleS Axsld ¥ 40 2
e v e Fngeizn ey o . -
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Fig. 2. Result of EDS analysis for metal type ‘Imjinja> made of remelted mother alloy.
Table 3. Result of quantitative analysis for ancient type metals of mixing and casting composition
unit: wt.%
Element Cu Sn Fe Al Zn Pb As Si S Cl Tc | Remarks
Imjinza |Mixing | 80.5 9.8 1.9 1.2 3.6
(MA) | Casting | 913 | 53 1.9 1.4
Imjinza |Mixing | 913 | 53 1.9 1.4
(TA)  |Casting | 93.0 | 4.8 1.8 0.4
Koreabokza | Mixing | 50.9 | 28.5 22 0.7 10.2
(MA) | Casting | 782 | 193 | 13 0.3
Koreabokza | Mixing | 78.2 19.3 1.3 0.3
(TA)  |Casting | 96.0 | 3.5 0.5
Tsuruga Mixing | 69.9 9.2 1.4 0.9 0.8 12.5 0.48 2.5 1.2 0.9
(MA) | Casting | 81.6 | 3.5 3.8 8.3 1.8 1.1
Touruga |Mixing | 816 | 35 | 38 8.3 1.8 1.1
(TA)  |Casting | 76.1 | 3.9 1.5 14.1 1.5 29
Cu90 Sn10 |Mixing | 90 10
(MA) | Casting | 923 | 63 1.4
Cu90 Sn10 |Mixing | 92.3 6.3 1.4
(TA) Casting | 95.3 4.7

MA: Mother Alloy, TA: Type Alloy
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Table 4. Variation of composition at mother alloy and type alloy
unit: wt.%
Element Cu Sn Fe Al /n Pb As Si S Cl Tc | Remarks
. MA +11.3 —4.5 0.0 -12 | 3.6 +1.4
Imjinza
TA +1.7 | 0.5 | 0.1 -1.0
MA +27.3 -92 | -09 -0.7 | -10.2 +0.3
Koreabokza
TA +17.8 | -15.8 | -1.3 +0.2
MA | +11.7 | =57 | +24 | =09 | -0.8 | -125 | +7.8 | -0.7 | =12 | =09 | +1.1
Tsuruga
TA 55 | +04 | 23 +5.8 | 0.3 +1.8
Cu90 MA +2.3 -3.7 +1.4
Snl0 TA 430 | -16 -14
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Table 5. Vapour pressure based on thermodynamic of elements for type alloy
Equation for vapour pressure : logP = AT + BlogT+ CT+ D(mmHg)

Element A B C D P at T=1250°C
Cu -17,770 -0.86 12.29 7.7x107
Pb -10,130 -0.985 11.16 2.4 x 10"
Sn -15,500 8.23 1.1x107
Si -20,900 -0.565 10.78 1.8x107°
Fe -19,710 -127 13.27 1.9x10™
Al -16,380 -1.0 12.32 24x107

S -6,975 11.32 5.6x10°
7n -6,620 -1.255 12.34 9.8x 10’
Cl
As -6,160 9.82 6.0x10°
P -2,740 7.84 1.1x10°
Mn -14,520 -3.02 19.24 1.2x10°
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