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Investigations on ancient bronze drums from Majiang, Guangxi, P. R. China
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Six different types of Majiang bronze drums from Hechi City, Guangxi, China were collected from the
Guangxi Museum to characterize the original scheme of polychromy and materials used for the
drums. The composition of all the samples were determined by using scanning electron microscopy
with energy-dispersive X-ray spectroscopy. All the bronze drums contain mainly Cu, Sn, Pb, and As.
Qualitative analysis of the structure by X-ray powder diffraction indicates that each of the six bronze
drums contains four or five phases, namely (Cu, As), Pb, Cu3Sn, and Cu;oSn; or Cu, Pb, Asy,Cu, g,
Cu3Sn, and Cu;oSnz. The Rietveld structural refinement is performed first time for the quantitative
analysis of ancient bronze drums and inorganic cultural relics. This paper reports the result.
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I. INTRODUCTION

The bronze drum is a bronze artistic treasure created by
the ethnic minorities in southern China. In ancient times, the
bronze drum was not only a heavy instrument symbolizing
power and wealth, but also had social functions such as offer-
ing sacrifices to gods, commanding army formations, trans-
mitting information, and celebrating entertainment (Qin and
Wan, 2005). Since the Wanjiaba-type bronze drum was dis-
covered in Yunnan Province more than 2700 years ago, the
bronze drum and its culture have continuously developed
and evolved, and gradually became popular in Southwest
China and Lingnan region, and spread to most countries in
Southeast Asia, forming the so-called bronze drum culture cir-
cle (Feng, 1974; Li et al., 1992; Shuyun et al., 2005). Lingnan
region is a geographic area referring to the lands in the south
of the Nanling Mountains. The region covers the modern
Chinese subdivisions of Guangdong, Guangxi, Hainan,
Hong Kong & Macau, and the Northern half of Vietnam. In
the 1980s, scientific and technological archaeological
researchers of the bronze drums studied the alloy elements,
composition, and structure morphology of copper drums by
means of metallographic, scanning electron microscope
(SEM) and determination of lead isotope abundances, and
learned that most of the bronze drums contain copper, tin,
lead, a small amount of arsenic, and a small amount of zinc,
iron, antimony, and other elements (Lu et al, 2022).
Because the properties of the drum materials are not only
related to composition, temperature, morphology, and manu-
facturing process, but also related to the crystal structure of
the substance that makes up the material. In order to have a
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more comprehensive and in-depth understanding of the com-
position of bronze drum materials, it is necessary to conduct
qualitative and quantitative analysis by X-ray diffraction anal-
ysis of bronze drums. Unfortunately, the phase composition of
bronze drums has not been reported so far. Figure 1 presents
the site of the Majiang Bronze Drums from the popular
regions of Hechi City, Guangxi, China. Here, we report the
percentage content of the phase composition of the Majiang
bronze drums obtained by metallographic method, SEM-EDS,
and X-ray diffraction analysis.

Il. EXPERIMENTAL DETAILS

Six different Majiang-type bronze drums from Hechi City
of Guangxi Province of China were provided by Guangxi
Museum. The photos of two bronze drum No.0076 (diameter
of 47.3 cm, height of 26.7 cm, and weight of 17.2 kg) and
No0.0093 (diameter of 48.1 cm, height of 27 cm, and weight
of 16.8 kg) are shown in Figure 2a and 2b.

A small piece was cut from each bronze drum as a sample,
which was separately prepared by traditional methods for
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Figure 1. Site of the Majiang Bronze Drums from the popular regions of
Hechi City, Guangxi, China. (v).
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Figure 2. (a,b) Photographs of No.0076 and No.0093 bronze drums.

different instruments. Samples used for optical microscopy and
SEM-energy dispersive X-ray spectroscopy (EDS, HItachi
SN34000) were embedded in resin scaffolders and then polished
by conventional methods and corroded by acid. The sample prep-
aration for X-ray diffraction analysis is as follows: a small sample
cut from a bronze drum is first filed into powder smaller than
10 um using a steel file, and then the powder is loaded into an
evacuated glass tube and annealed at 300°C for 5 days for stress
relief and then slowly cooled to room temperature. The X-ray
powder diffraction data of the samples from the bronze drums
were obtained by using a Rigaku D/max 2500 V diffractometer
with a Cug,, radiation. The scan range was 15°-110° (26) with
a step size of 0.02° and a count time of 2 s per step. The phase
analysis of the samples and the initial lattice parameters determi-
nation for the alloy phases in the samples were carried out by
using the Jade5.0 programs (Materials Data Inc., 1999). The
X-ray diffraction technique was also employed to analyze the
alloy phases in the samples of the bronze drums. Rietveld refine-
ment was performed to determine the quantitative phase content.

lll. RESULTS AND DISCUSSIONS
A. Metallographic analysis

The compositions of all the samples was determined by
using SEM with EDS spectroscopy. All the bronze drums

Figure 3.
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contain mainly Cu, Pb, Sn, and As. The metallographic photos
of bronze drums No.0076 and No.0093 (x200) are shown in
Figures 3a and 3b. The dark phase is Cu solid solution (Cu
and As) or Cu, the white phase, corresponds to the component
phase CuzSn or Asy,Cu; g (in No.0093) and gray phase to
Cu;oSns, and the small white dots on the dark are Pb. The
main elements and their compositions of the six bronze
drums were obtained by using SEM with EDS spectroscopy
(seen in Table 1).

B. Qualitative X-ray diffraction analysis

The X-ray diffraction qualitative analysis results showed
that there are two groups of bronze drums with different
X-ray diffraction patterns. One group consists of three bronze
drums with drum codes No.0076, No.0068, and No.0083.
Each bronze drum is composed of four phases (Cu, As)
solid solution (Mertz and Mathewson, 1937), Pb (Bouad
et al., 2003), CusSn (de Debiaggi et al., 2012), and Cu;oSn;
(Lenz and Schubert, 1971), seen in Figure 4. The other
group also consists of three bronze drums with drum codes
No0.0093, No0.0084, and No.0082. Each of these three samples
of the bronze drums is composed of five phases Cu (de
Debiaggi et al., 2011), Pb (Bouad et al., 2003), Cu3Sn (de
Debiaggi et al., 2012), Cu;(Snz (Lenz and Schubert, 1971),
and Asp,Cu;g (Schubert et al., 1957), seen in Figure 5.

(b)
S
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(a,b) Metallograph photos of the bronze drums No.0076 and No.0093 (x200).
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TABLE 1.

The main elements and compositions of the Majing-type bronze drums in Guangxi Museum

Cu Sn Pb As
No. Drum code Wt.% At.% Wt.% At.% Wt.% At.% Wt.% At.%
1 0076 78.12 88.09 12.53 7.56 7.52 2.60 1.83 1.75
2 0068 78.14 87.25 15.97 9.55 3.93 1.35 1.96 1.86
3 0082 72.32 82.96 12.21 7.49 8.86 3.12 6.61 6.43
4 0083 75.72 86.94 8.53 5.24 12.10 4.26 3.65 3.56
5 0084 74.14 84.69 9.48 5.80 10.27 3.60 6.10 591
6 0093 75.30 83.56 12.74 7.57 3.96 1.35 8.00 7.52
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Figure 4. Results of qualitative phase analysis by X-ray diffraction for the No.0076 bronze drum.
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Figure 5. Results of qualitative phase analysis by X-ray diffraction for the No.0093 bronze drum.
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Figure 6. Comparison of X-ray diffraction patterns of No.0076 and No.0093 bronze drums.

Figure 6 shows the differences in the X-ray diffraction patterns
of No. 0076 and No. 0093 bronze drums. In addition to many
of the same X-ray diffraction lines, the No. 0093 bronze drum
shows diffraction lines produced by the Asg,Cu, g phase, as
seen in Figure 6.

C. Quantitative X-ray diffraction analysis

The Rietveld refinement was performed to do the quanti-
tative phase analysis by using the DBWS9807 program
(Young and Larson, 2000). The DMPLOT plot view program

(Marciniak and Diduszko, 1997) was used to follow the refine-
ment results. The pseudo-Voigt function was used for the sim-
ulation of the peak shapes. The lattice parameters obtained by
the Jade5.0 program and the atomic parameters of the compo-
nent phases, (Cu,As), Pb, Cus3Sn, and Cu;oSnz given in
Table 3 were taken as starting values to do the quantitative
phase analysis and refine the structural parameters of the
four component phases existing in the No.0076 sample. A
total of 56 parameters, including the lattice constants, full
width at half maximum (FWHM), preferred orientation,
atomic parameters, and thermal parameters were refined.

20k Rp=2.62%
Rwp=3.46%
Rexp=2.41%
15k S$=1.43
°
s
S 10k
2
.a 13
8
= 5000
0' : 2 " i . o b o L ' u 5
00 1] ] I'_I| 1 ll.'_'_! Ill L] ‘l-:—ll ' I‘lrl.lf LININ] .!‘lPl' rrme ._:l" L .l!l‘!_'.: LU B L L L

20 30 40 50

60 70 80 90 100 110

Two-theta (deg.)

Figure 7. Rietveld refinement results for the No.0076 bronze drum. The crosses represent the observed data points, and the smooth line through them is the
calculated pattern. The difference pattern (lower trace) is on the same scale as the measured pattern above. The row of tick marks indicates calculated

reflection positions.
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TABLE 2. The quantitative phase analysis results of the bronze drums

The Reliability R-factors of Rietveld refinement are R,=
2.62%, Ryp=3.46%, and Rey, = 2.41%, s = 1.43, respectively.

Drum code Phases Phas(;}cl(i/ln;zso)nent C((;roni,(f;ggn The observed, calculated data and differences in the powder
diffraction patterns of the sample of the bronze drum
No.0076 Cuig.964A50.04 749 (4) 85.5(4) (No0.0076) are shown in Figure 7. The Rietveld refinement
?1)13811 13 EB ]1'32412 results show thaF the bronze drum (No.0076) consists of
CuyoSns 10 (1) 3.0(5) Cug.96Asg 04, Which possesses around 74.9 (4) (% Mass),
Ry=2.62%, Ryp=3.46% and Ry, =2.41%, s = 1.43 and the other three phases, i.e., CusSn, Cu;oSn;, and Pb are
No.0093 Cu 54.4(5) 52.2(5) 10(1), 10(1), and 5(1), respectively. Table 2 gives the quanti-
Pb 53(8) 1.502) tative phase analysis results and the crystal structure data
CusSn 9(1) 7(1) (Table 3) of the component phases in the sample of bronze
Aso2Cuy 19(1) 36(3) drum (No.0076).
CuyoSns 12(1) 3.04) The results of the quantitative phase analysis of No0.0093
Ry =2.85%, Ryp=3.87%, and Rex, =2.21%, s=1.74 bronze drum, which contains five phases, namely Cu, Pb,
TABLE 3. The crystal structure data of the component phases for the bronze drums of No.0076 and No.0093

Lattice parameters

Drum code Minerals S. G. a (nm) b (nm) ¢ (nm) a(®) B () ¥ (°) Ref.
No. 0076 Cug.06AS0.04 Fm3m 0.364141 (2) 0.364141 (2) 0.364141 (2) 90 90 90 This work
0.36405 0.36405 0.36405 90 90 90 Mertz and Mathewson (1937)
Pb Fm3m 0.495329 (2) 0.495329 (2) 0.495329 (2) 90 90 90 This work
0.4950 (1) 0.4950 (1) 0.4950 (1) 90 90 90 Bouad et al. (2003)
Cu;Sn Pmmn 0.55158 (2) 0.433044 (8) 0.47671 (2) 90 90 90 This work
0.5559 0.4329 0.4887 90 90 90 de Debiaggi et al. (2012)
CuyoSn; P63/m 0.733713 (9) 0.733713 (9) 0.78636 (2) 90 90 120 This work
0.7313 0.7313 0.787 90 90 120 Lenz and Schubert (1971)
No. 0093 Cu Fm3m 0.364759 (4) 0.364759 (4) 0.364759 (4) 90 90 90 This work
0.3636 0.3636 0.3636 90 90 90 de Debiaggi et al. (2011)
Pb Fm3m 0.495751 (8) 0.495751 (8) 0.495751 (8) 90 90 90 This work
0.4950 (1) 0.4950 (1) 0.4950 (1) 90 90 90 Bouad et al. (2003)
Cu;Sn Pmmn 0.55140 (2) 0.43337 (1) 0.47549 (2) 90 90 90 This work
0.5559 0.4329 0.4887 90 90 90 de Debiaggi et al. (2012)
As,Cuy g P6;/mmc 0.259339 (1) 0.259339 (1) 0.424132 (3) 90 90 120 This work
0.259 0.259 0.424 90 90 120 Schubert et al. (1957)
CuyoSn; P6;/m 0.73327 (1) 0.73327 (1) 0.78622 (2) 90 90 120 This work
0.7313 0.7313 0.787 90 90 120 Lenz and Schubert (1971)
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Figure 8. Rietveld refinement results for the No.0093 bronze drum.
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TABLE 4. Atomic coordinates for Cug 9sAsg o4 (S.G. Fm3m) TABLE 7. Atomic coordinates for Asy,Cu; g (S.G. P63/mmc)
Atom Position X Y V4 Occupancy Atom Position X Y V4 Occupancy
Cu 4a 0 0 0.96 Cu 2c 0.3333 0.6667 0.25 0.93
As 4a 0 0 0 0.04 As 2c 0.3333 0.6667 0.25 0.07
TABLE 5. Atomic coordinates for Pb or Cu (S.G. Fm3m) TABLE 8. Atomic coordinates for Cu;oSns (S.G. P63/m)
Atom Position X Y V4 Occupancy Atom Position X Y V4 Occupancy
Pb 4a 0 0 0 1 Cu 2b 0 0 0 1

Cu 2d 173 2/3 0.75 1

Cu 4f 1/3 2/3 0.090 1

Cu 12i 0.673(2) 0.026(2) 0.085(1) 1
TABLE 6. Atomic coordinates for Cu3Sn (S.G. Pmmn) Sn 6h 0.298(2) 0.978(2) 0.25 1
Atom Position X Y Z Occupancy
Sn 2a 1/4 1/4 0.331(21) 1
Cu 2b 1/4 3/4 0.682(4) 1 same four phases Cu or (Cu, AS), Pb, Cu3Sn, and CulOSn3,
Cu af 0.4844(3) 1/4 0.836(3) 1 the difference is the percentage content of these four phases.

CusSn, Asp,Cu;g, and Cu;pSnsy (Tables 2 and 3) were
obtained by the same method. The Reliability R-factors of
Rietveld refinement for No.0093 are R, =2.85%, Ry, =3.87%,
and Re,, =2.21%, s = 1.74., respectively. The observed, calcu-
lated data and differences in the powder diffraction patterns
of the bronze drum (No.0093) are shown in Figure 8. The
Rietveld refinement results show that the five phases in the
No0.0093 bronze drum are 54.4(5) wt.% Cu, 5.3(8) wt.% Pb,
9(1) wt. % CU3SH, 19(1) wt.% ASO.2CU]V8, and 12(1) wt. %
Cu;oSn;, respectively. The refinement results show that
No0.0076 bronze drum and No.0093 bronze drum contain the

In addition, No0.0093 has Asg,Cu; g phase, while No.0076
does not. These show that the elements in the six bronze
drums are basically the same, the difference is likely due to
the casting temperature and the casting process. Tables 4-8
give the atomic parameters of the component phases
Cll0.96AS()A()4, Cll, Pb, CU3SH, ASO.QClll_g, and Clll()Sl’l3.

IV. DISCUSSION

According to the Cu—As binary phase diagram (Figure 9)
(Okamoto, 1994) the solid solubility of arsenic in copper is
about 6 at.%, and the atomic radius of arsenic (0.126 nm) is
close to that of copper (0.128 nm), so it is reasonable to
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Figure 9. Cu-—As binary phase diagram (Okamoto, 1994).
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have very small amounts of arsenic atoms in the position of
copper unit cell to form a solid solution (Cu, As).

The phase content of the Pb phase of the bronze drums
(N0.0093) was 1.35 at.% obtained by SEM-EDS, this is
quite close to the value of 1.5(2) at.% obtained by Rietveld
refinement. The very small differences between the two results
may be caused by different experimental instruments or exper-
imental conditions.

V. CONCLUSION

Six samples were collected from six different Majing-type
bronze drums from Hechi City of Guangxi Province of China
in Guangxi Museum. The SEM,EDS results point out that the
bronze drums contain mainly Cu, Pb, Sn, and As. The X-ray
diffraction analysis and Rietveld refinement results point out
that the sample of the bronze drum (No. 0076) contains four
component phases of 74.9(4) wt.% CugosAso4, (1) Wt.%
Pb, 10(1) wt.% CusSn, and 10(1) wt.% Cu;¢Sn; and the
bronze drum (No. 0093) contains five component phases of
54405)wt.% Cu, 53@)wt% Pb, 9(1)wt.% CusSn,
19(1) wt.% AsgCuy g, and 12(1) wt.% Cu,(Sns, respectively.

ACKNOWLEDGEMENTS

The authors would like to thank the Guangxi Museum,
Nanning, China for providing samples of six Majiang-type
bronze drums for research. This work was supported by the
National Natural Science Foundation of China (No.
52261001)

AUTHOR CONTRIBUTIONS

All authors contributed to the study conception and
design. Chao Zeng: Sample preparation, data analysis,
Rietveld refinement, and writing and revising. Wei He:
Project administration, data analysis, writing, reviewing, and
editing. Changzhong Liao: XRD data analysis, reviewing,
and editing. All authors have read and agreed to the published
version of the manuscript.

COMPETING INTERESTS

The authors have no financial or proprietary interests in
any material discussed in this article.

FUNDING

This work was supported by the National Natural Science
Foundation of China (No. 52261001).

COMPLIANCE WITH ETHICAL STANDARDS

This article does not contain any studies with human par-
ticipants or animals performed by any of the authors.

7 Powder Diffr., 2024

https://doi.org/10.1017/S0885715624000381 Published online by Cambridge University Press

RESEARCH DATA POLICY AND DATA AVAILABILITY

The datasets generated during and/or analyzed during the
current study are available from the corresponding author on
reasonable request.

AUTHOR CONTRIBUTIONS

All authors contributed to the study conception and design.
Zeng Chao: Sample preparation, data analysis, Rietveld refine-
ment, and writing and revising. He Wei: Project administration,
data analysis, writing, reviewing and editing. Liao
Changzhong: XRD data collection and analysis, editing.
Chongjiang Li: Sample preparation and data collection. Wan
Fubin: data analysis, reviewing and editing. All authors have
read and agreed to the published version of the manuscript.

REFERENCES

Bouad, N., L. Chapon, R. M. Marin-Ayral, F. Bouree-Vigneron, and J.
C. Tedenac. 2003. “Neutron Powder Diffraction Study of Strain and
Crystallite Size in Mechanically Alloyed Pb Te.” Journal of Solid State
Chemistry 173: 189-95.

de Debiaggi, S. R., G. F. Cabeza, C. Deluque Toro, A. M. Monti,
S. Sommadossi, and A. Fernandez Guillermet. 2011. “Ab Initio Study
of the Structural, Thermodynamic and Electronic Properties of the Cul0Q
In7 Intermetallic Phase.” Journal of Alloys and Compounds 509:
3238-45.

de Debiaggi, S., C. Deluque Toro, G. F. Cabeza, and A. Fernandez Guillermet.
2012. “Ab Initio Comparative Study of the Cu-In and Cu-Sn Intermetallic
Phases in Cu-In-Sn Alloys.” Journal of Alloys and Compounds 542:
280-92.

Feng, H. 1974. “Research on Bronze Drums Excavated in Jinning, Yunnan.”
Cultural Relics 1: 51-61.

Lenz, J., and K. Schubert. 1971. “Kristallstruktur von CulOQ Sn3.”
Monatshefte fiir Chemie 102: 1689-98. Zeitschrift fuer Metallkunde
(1973), 64: 725-31.

Li, X., Z. Li, B. Zhang, Z. Peng, K. Li, and F. Wan. 1992. “Lead Isotope
Research on the Source of Early Bronze Drums Ore in Yunnan.”
Archaeology 5: 464-68.

Lu, Q., Y. Li, G. Zou, and S. Gong. 2022. “Separation or Integration? Further
Insights from a Study on Chemical Datasets of Ancient Bronze Drums
from South and Southeast Guangxi, China.” Heritage Science 10: 175.

Marciniak, H., and R. Diduszko. 1997. DMPLOT-Plot View Program for
Rietveld Refinement Method, Version 3.

Materials Data Inc. 1999. “Jade 5.0. XRD Pattern Processing,”

Mertz, J. C., and C. H. Mathewson. 1937. “The Solid Solubility of the
Elements of the Periodic Subgroup Vb in Copper.” Transactions of the
American Institute of Mining, Metallurgical and Petroleum Engineers
124: 59-717.

Okamoto, H. 1994. “Cu-As Phase Diagram.” Journal of Phase Equilibria. 15:
500-21.

Qin, H., and F. Wan. 2005. “Revival of Kettle Drum Culture of Zhang
Nationality and Its Enlightenment on Protecting National and Folk
Culture.” Journal of South-centrul University for Nationalities
(Humanities and Social Sciences) 25 (6): 42-45.

Schubert, K., H. Breimer, W. Burkhardt, E. Giinzel, R. Haufler, H. L. Lukas,
H. Vetter, J. Wegst, and M. Wilkens. 1957. “Einige strukturelle
Ergebnisse an metallischen Phasen I1.” Naturwissenschaften 44 (7): 229-30.

Shuyun, S., Z. Yao, and F. Wan. 2005. “Metallographic Analysis of
Vietnamese Bronze Drums and Related Artifacts.” Journal of Guilin
University of Technology 25 (4): 498-505.

Young, R. A., and C. LarsonA. 2000. C.O. Paive-Santos. Atlanta, GA: School
of Physics, Georgia Institute of Technology.

Investigations on ancient bronze drums from Majiang, Guangxi, P. R. China 7


https://doi.org/10.1017/S0885715624000381

	Investigations on ancient bronze drums from Majiang, Guangxi, P. R. China
	INTRODUCTION
	EXPERIMENTAL DETAILS
	RESULTS AND DISCUSSIONS
	Metallographic analysis
	Qualitative X-ray diffraction analysis
	Quantitative X-ray diffraction analysis

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	COMPETING INTERESTS
	FUNDING
	COMPLIANCE WITH ETHICAL STANDARDS
	RESEARCH DATA POLICY AND DATA AVAILABILITY
	AUTHOR CONTRIBUTIONS
	REFERENCES


