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ABSTRACT Dujeong-dong site of Cheonan is known as the site of Baekje period in the first half of the fourth centu-
ry. This study investigated the visible properties and the chemical composition of the 18 pieces of the glass found in
the site, and considered scientific properties and periodic interrelationship of the glass on the basis of the analysis
result. The observation of the visible properties and microstructure of ancient glass was performed with both an elec-
tron microscope and an optical microscope, and the chemical composition was conducted by way of both quantita-
tive and qualitative analysis using Scanning Electron Microscope(SEM) with Energy Dispersive Spectrometer(EDS).
In the analysis result, various chemical composition systems are identified in the glass beads of Dujeong-dong site,
such as lead-barium, soda and potash glass, and also different shapes were found such as gold foil glass beads, tubu-
lar beads, and round beads. It is estimated that the classification of glass by means of its chemical composition was
also closely related to the color of glass.
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(a) Excavation status of remains

(b) glass samples

Figure 1. The excavation status of Dujeong-dong remains and samples of this study.
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Table 1. Characteristics of glass samples in Dujeong-dong remains
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Sample Phase of remains Characteristic

Number Site Century Type Closing Color  Transparency Surface Bubble Crack

Dujeong-dong, Cheonan, Chungnam
di-1 [-5 AD. 4C A EE-P [t-gB AN S-wW -5 1B [}
di2 A lt-gB A SW M-S,L-B A
di-3 A EE-P It-gB A M-S,L-B A
di-4 A EE-P It-gB A SW L-S A
di-b A It-gB A SWwW M-S,L-B A
di-6 1-12 AD. 4C C cut It-gB N M-W M-S,L-B X
di-7 GF EE-P colorless A(0) S-W(S-W) L-S(ND) o(A)
di-8 GF EE-P colorless A(0) M-W(S-W) L-S(L-S) o(a)
di-9 GF -~ colorless o GD LB X
di-10 A RR-P It-gB o SW M-SL-B A
di-11 A — It-gB 0 GD M-S A
di-12 A RR-P it-PB A S-W M-S,L-B A
dir13 A RR-P 1t-PB A SW M-S M-B .
di-14 A RR-P t-PB AN SW M-S M-B ]
di-15 A RR-P +PB A M-W M-S M-B A
di-16 A RR-P it-PB o) SwW M-S,L-B A
di-17 A RR-P [t-PB o] S-W M-S,M-B A
di-18 A RR-P [+-PB A M-W M-S, M-B °

Type: AAnnular Beads, C;Cyliderical Beads, GF;Gold Foil Beads
Closing: E;Edge, R:Round,P;Polishied

Color : It-gB:light greenish Blue, dk-gB:dark greenish Blue, BG:Bluish Green, It-PB:light Purplish Blue
Transparency: O;Transparent, A;Translucent, X;Opague ( ):inner of gold foil glass
Surface: GD:Good surface, S-W:Small Weathering layer, M-W:;Much Weathering

Bubble: L-S; Litile Seed, M-S:Much Seed, L-B;Little Blister, M-B:Much Blister

Crack: ®;Serious crack. 4;Some crack. X;No crack
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Figure 2-1. Pictures of cross section by optical microscope in Dujeong-dong glass samples.
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Figure 2-2. Pictures of cross section by optical microscope in Dujeong-dong glass samples.
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Table 2. Chemical composition of glass samples in Dujeong-dong remains

Sample I *Oxide Concentration(%)
st color

Number Si0: NaO KO PbO CeO  ARG:s MgO SO Cl Ti0: MnO Fe0s CuO BaO Total
di-1 [-6  itgB 681 164 33 2.7 45 11 050 020 075 004 16 136 99.7
03 18 0.0 01 02 01 004 003 017 003 01 012 28

di-2 tgB 678 154 32 28 45 1.1 046 020 083 008 14 117 99.0
03 of 01 o1 o1 01 002 003 006 004 01 075 1.0

di-3 tgB 636 160 2.9 22 4.1 12 044 028 081 007 17 113 99.4
04 02 01 0.1 0.1 01 005 004 013 003 02 016 14

di-4 tgB 664 169 23 37 47 13 045 01 089 012 15 084 995
02 02 01 01 01 605 005 003 012 004 01 010 1.0

dib tgB 707 163 26 2] 49 066 037 016 064 012 094 058 99.1
02 o1 01 01 07 009 004 001 017 005 005 009 1.0

d6 [-12 ItgB 443 52 - 315 256 0.2 1.2 — 082 029 007 011 059 121 989
02 01 03 00 01 o1 008 014 006 0056 017 03 13

di-7out colorless 680 167 058 84 25 054 043 092 030 009 081 030 99.3
03 01 001 01 01 004 005 002 007 007 013 001 09

di-7in colorless 69.8 15689  0.74 74 22 040 047 081 023 003 08 008 99.0
03 02 005 01 00 005 003 003 009 006 010 008 1.0

dj-Bout colorless 67.8 166 058 85 25 054 041 089 044 007 076 0.09 99.1
04 01 003 o1 01 006 002 002 017 005 071 005 12

di-8in colorless 69.9 159 080 73 22 044 038 08 024 011 084 010 99.1
02 03 004 o1 01 008 003 004 007 003 013 072 12

di-9out colorless 67.1 162 058 9.0 26 089 040 091 037 013 079 020 98.6
03 02 005 02 00 008 005 002 0f0 007 008 007 11

d-10 kg8 710 156 27 21 48 084 039 015 046 011 099 051 995
03 01 01 o1 01 005 004 001 011 007 009 012 12

d-1 kg8 710 168 26 21 50 066 035 018 058 008 10 042 997
06 02 00 01 02 007 002 002 016 004 01 02 17

di-12 kPB 705 169 10 41 24 018 039 073 16 26 16 006 101.0
02 o1 0.1 01 02 006 002 005 01 02 01 001 13

di-13 kPB 704 160 090 40 23 017 042 077 15 27 15 010 100.6
03 01 006 0.1 01 004 004 002 02 01 01 004 11

di-14 tPB  ©96 164 090 39 21 021 040 079 13 26 16 018 . 998
02 01 003 01 01 004 003 003 01 01 01 009 10

di-15 t-gB 654 169 22 24 77 074 031 092 14 012 11 113 100.3
13 08 02 05 09 043 004 002 06 002 02 037 51

di-16 tPB 737 167 071 4.1 23 021 027 10 040 15 09 0.10 100.8
04 02 00 07 01 009 004 00 016 07 01 0M 13

417 PB 720 159 050 43 21 027 021 08 078 20 10 021 100.2
04 02 003 0.1 01 007 005 003 009 O 01 004 12

d-18 tPB 734 11 184 15 15 038 017 015 0562 16 14 0.09 100.1
04 01 01 01 01 004 004 001 011 00 01 007 1.0

* Color: It-gB: light greenish Blue, gB: greenish Blue, dk-gB: darkgreenish Blue, PB: Purplish Blue.
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Figure 3. The compositional classifications of glass samples in Dujeong-dong.
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(b) BE! image(x100) (¢) mapping of sodium

(d) microscopic picture(x50) (e) BEl image(x 100) (f) mapping of Potassium

Figure 7. The comparison of soda(dj-17) and potash(dj-18) glass excavated from Dujeong-dong: (a), (b), (¢); soda glass, (d), (e), (f):
potash glass.
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(a) microscope picture (x25) (b) backscattered electron image (x30) (c) backscattered electron image (x300)

(d) backscattered electron image (x300) (e) backscattered electron image (x500) (f) backscattered electron image (x300)

Figure 8. Microstructure of soda glass(dj-15) excavated from Dujeong-dong.
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Figure 9. Microstructure of gold foil glass beads(dj-7) excavated from Dujeong-dong.
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Table 4. Chemical composition of gold foil glass beads excavated from Dujeong-dong

Sample Color Oxide Concentration (wt . %)
Number (Transparence) S0 NaO K20 Ca0 ARO3  MgO S03 cl Ti02 MnO Fe03 CuO  Total

GFout Colorless(O) 676 165 0568 86 25 056 041 091 037 011 078 020 990
3 05 03 001 03 01 002 001 001 0.07 003 002 010 15

GF-in Colorless(0) 699 158 077 74 2.2 042 039 083 024 070 08 009 990
) 01 0.1 004 01 01 003 0.02 003 001 001 001 001 05
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