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sietmd Bz

CHR: wt%
ksl HA Cu Sn Pb ot
22 oHEE 76.06 6.26 373 86.05
23 AZE 4960 18.16 27.20 9496
24 HEE 83.16 8.56 4.86 96.58
25 AZE 89.90 7.03 1.40 98.33
26 HEE 86.86 6.13 5.53 98.52
27 oHEE 78.13 6.46 833 92.92
28 HEE 82.46 6.90 5.76 95.12
29 HEE 77.53 11.93 9.56 99.02
30 AZE 62.33 25.20 10.93 98.46
31 HEE 81.43 9.66 6.96 98.05
32 AZE 8476 8.80 6.13 99,69
33 HEE 83.13 5.76 8.00 96.89
34 HEE 79.00 12.60 6.93 98.53
35 &8s 81.03 10.10 6.16 97.29
36 HEE 78.50 11.10 8.23 97.83
37 MBE 83.66 7.10 3.20 93.96
38 HEE 84.73 6.56 5.96 97.25
39 HEE 81.13 493 1.13 87.19
40 MBE 86.23 8.60 353 9836
41 HEE 84.33 6.93 456 95.82
42 oHEE 59.86 21.86 15.26 96.98

- 44 -




ZY 2470
CHRl: wt%
Cu Sn Pb A

58 80.96 10.36 6.43 97.75
dE5E 79.26 9.13 8.93 97.32
HEE 73.43 12.93 8.06 94.42
HE5E 81.66 8.33 7.36 97.35
HEE 59.70 11.80 483 76.33
HE5E 79.26 9.43 10.20 98.89
HE5E 49.30 11.53 1.53 62.36
HES 81.10 7.63 2.03 90.76
HEE 83.86 6.60 7.70 98.16
HES 84.16 6.36 7.13 97.65
o5& 83.96 6.33 7.63 97.92
HE5E 79.06 8.40 9.46 96.92
HEE 58.03 7.76 3.93 69.72
HEE 83.00 6.46 3.76 93.22
HE5E 83.56 8.90 483 97.29
o5& 50.86 35.96 8.10 94.92
HEE 67.20 17.50 9.03 9373
&8 71.56 15.70 7.73 94.99
HES 82.90 9.93 4.06 96.89
HE5E 79.30 9.33 9.26 97.89
HEE 91.50 493 2.26 98.69
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HR=2 statxd
oo 4 =t
g Hd TT= %I ey —-11 = Cu Pb

1 HEse ICP-AES 72.40 0.02
2 B ICP-AES 77.50 15.10
3 e ICP-AES 75.80 7.90
4 =k ICP-AES 704.00 0.14
5 g ICP-AES 70.50 0.09
6 Heg ICP-AES 73.00 0.12
7 s ICP-AES 73.20 0.09
8 Heg ICP-AES 71.70 0.08
9 Hat ICP-AES 73.40 0.11
=g ICP-AES 70.40 8.19
s e SEM-EDS 86.82 3.07
Bt ICP-AES 74.98 0.06
Hasd ICP-AES 74.14 4.50
sHy ICP-AES 79.75 5.13
o ICP-AES 67.83 6.60
H&Y ICP-AES 71.90 10.86
354 ICP-AES 71.38 8.48
254 ICP-AES 74.89 5.21
H&54 ICP-AES 76.23 12.24
853 ICP-AES 68.32 8.87
254 ICP-AES 80.47 6.43
354 |CP-AES 77.55 8.62
MMM ICP-AES 70.00 6.50
HeEAaM ICP-AES 71.80 3.00
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92.68

93.36

93.67

92.32

82.30

83.20

%l =% | 249
1 SXHE S | ICP-AES
2 SXHE S | SEM-EDS
3 SAHE5 S | SEM-EDS
4 SAHSE | SEM-EDS
5 SAHSE | SEM-EDS
6 SAES | TIMS
7 SAES | TIMS
8 SAE S| TIMS

81.10
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Analysis of the Chemical Composition and Structure of Hand

Cannon(Chongtong) in the Early Joseon Period

Kim Hae Sol

Department of Cultural Properties
The Graduate School
Gyeongju University

(Supervised by Professor Do Jin Young)

(Abstract)

Chongtong are tubular(f7 & \)/hand-lit(fiF K 3\) firearms that were first manufactured
in late-Goryeo period; they were the original form of firearms in Korea until the
Jochong(Machlock muskets) appeared in the mid-Joseon period. However, current
research on chongtong is limited to studies based on literature and cases of scientific
analyses of chongtong of the mid-Joseon period. In order to identify the
characteristics of chongtong in the early-Joseon period, which has not been covered
in previous studies, this study conducted a chemical composition analysis and
structural analysis on these weapons. We compared the chemical composition analysis
results to analyses of cast-bronze items of the same period to identify the
characteristics of the chemical composition of firearms in the early-Joseon period and
to analyses of Seungja-chongtong from the mid-Joseon period to examine whether

there were any changes in chemical composition over time. In addition, we identified
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the characteristics of the manufacturing technology of chongtong in early Joseon and
compared them to records in the National Book on the Five Rituals(IB{%H 05 E%).

The chongtong of early-Joseon were found to have a tin (Sn) content of around
10%, which is relatively low compared to casted artifacts from the same period.
Copper-tin (Cu-Sn) alloys have decreased tensile strength when the ratio of tin
exceeds 16%. Therefore, we can say that the ratio of tin being around 10%, below
16%, was intentional for securing the hardness and tensile strength of the chongtong.
Meanwhile, the lead (Pb) content, which affects the liquidity and hardness of
cast-iron, did not show a meaningful difference with casted artifacts from the same
period, and we believe this shows that additional changes, such as changes in the
lead ratio, were not made for general casting. We did not find meaningful differences
in chemical composition in comparison to the Seungja-chongtong from the mid-Joseon
period. This shows that there were no changes in materials in the process of
development into guns with longer external barrels and to guns that could also use
bullets.

Results of the structural analysis show that the internal structure of the
Gyeongmokbu (front portion of the propellant case with a wooden attachment), which
is recorded in the National Book on the Five Rituals, did not appear in actual relics.
In the National Book, it is noted that there was a separate structure in the
gveongmokbu used to fix the position of the wooden attachment (gyeongmok), but
through this internal structure analysis, we found that, while the gyeongmok-type
internal structure appears in the literature, it was not applied in the actual
manufacturing process. We presume that the reason such differences occurred was for
convenience in the manufacturing and usage process. We estimate that, during the
manufacturing process, making and separating the core would have been convenient,
and in the usage process, doing so would have had the effect of somewhat offsetting
errors in the size of the gyeongmok. In addition, there were no signs that chaplets
were used in the 10 chongtong that went through structural analysis. In addition, we

found that the inside and outside of the barrels of seven of the chongtong were not
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parallel; the thickness of the arms’ walls were inconsistent. Inconsistent wall thickness
in the arms results in a situation where the direction of the projectile does not match
the intended direction of the user during the firing process, and it also weakens the
internal gunpowder explosion process. Through these flaws, we could see the

limitations in firearm manufacturing skills at the time.

_78_



	김해솔(석사학위)-조선초기 총통의 화학조성과 구조분석.pdf



