Table. S1 Appearance characteristics of Kangxi period underglaze copper-red specimens
	Sample ID
	Appearance characteristics

	QYLH-1
	The body is relatively thin with a fine, lustrous fracture surface. The glaze exhibits a slight bluish tint. The pattern is rendered using outline tracing with distinct lines. The pigment displays a bright-red hue, with a few green spots scattered within the red pigment area.

	QYLH-2
	The body is relatively thin, with a fine and lustrous fracture surface; the glaze has a faint bluish tint. The pattern is rendered using the line-drawing technique, with clear lines; the red pigment is slightly dull.

	QYLH-3
	The body is relatively thin, with a fine and lustrous fracture surface; the glaze has a faint bluish tint. The pattern is rendered using the line-drawing technique, with clear lines; the red pigment is slightly dull.

	QYLH-4
	The body is relatively thin, with a fine and lustrous fracture surface; the glaze has a faint bluish tint. The pattern is rendered using the line-drawing technique, with clear lines; the red pigment is a deep red colour

	QYLH-5
	The cross-section of the bowl’s base is fine-grained and lustrous; the base bears the blue-and-white mark ‘Made during the Kangxi period of the Great Qing’ (大清康熙年制); the glaze has a faint bluish tinge, and the interior of the bowl features patterns rendered in line-drawing technique with relatively clear lines; the red pigment varies in depth, with some instances of colour loss.

	QYLH-6
	The body is relatively thin, with a fine-grained and lustrous cross-section; the glaze has a faint bluish tinge, and the exterior features a design of dragon claws rendered in line-drawing technique, with clear lines and a relatively even red colour.

	QYLH-7
	The body is rather thin, with a fine-grained and lustrous cross-section; the glaze has a faint bluish tinge, and the exterior is decorated with a design executed in line drawing, with clear lines and a vivid red colour, interspersed with a few green spots within the red pigment areas.

	QYLH-8
	The body is relatively thin, with a fine-grained and lustrous cross-section; the glaze has a slight bluish tinge, The pattern is rendered using the line-drawing technique, with clear lines and a red colour that tends towards black.

	QYLH-9
	The body is relatively thin, with a fine-grained and lustrous cross-section; the glaze has a slight bluish tinge, The pattern is rendered using the line-drawing technique, featuring clear lines and a deep red colour, with a few green spots interspersed amongst the red pigment areas.

	QYLH-10
	[bookmark: _GoBack]The body is relatively thin, with a fine-grained and lustrous cross-section; the glaze has a faint bluish tinge, The pattern is rendered using the line-drawing technique, with clear lines and a relatively pale red colour, some of which exhibits colour loss.

	QYLH-11
	The body is relatively thin, with a fine and lustrous fracture surface; the glaze has a faint bluish tint. The pattern is rendered using the line-drawing technique, with clear lines; the red pigment is slightly dull.

	QYLH-12
	The base of the bowl is damaged; the cross-section is fine-grained and lustrous. The base bears the blue-and-white mark ‘Made during the Kangxi period of the Qing Dynasty’; the glaze has a faint bluish tinge, and the interior of the bowl features patterns executed in line-drawing technique, with clear lines and a slightly subdued red colour.

	QYLH-13
	The base of the bowl is broken; the cross-section reveals a fine-grained and lustrous texture; the glaze has a faint bluish tinge; the patterns are rendered using line-drawing techniques, with clear lines and a slightly subdued red colour. A few green spots interspersed amongst the red pigment areas.

	QYLH-14
	The base of the bowl is broken; the cross-section is fine-grained and lustrous; the base bears the blue-and-white mark ‘Da Qing Kang Nian’; the glaze has a slight bluish tinge; the interior features a design executed in line drawing, with clear lines and a slightly subdued red colour.

	QYLH-15
	The base of the bowl is broken; the cross-section reveals a fine, lustrous texture, and the base bears the blue-and-white mark ‘Xi Nian Zhi’; the glaze has a faint bluish tinge, and the interior features designs executed in line-drawing technique, with clear lines and a slightly subdued red colour.

	QYLH-16
	The base of the bowl is broken; the cross-section reveals a fine, lustrous texture, and the base bears the blue-and-white mark ‘Da Qing Xi Nian’; the glaze has a faint bluish tinge, and the interior features patterns rendered in line drawing, with clear lines and a slightly subdued red colour.

	QYLH-17
	The base of the bowl is broken; the cross-section reveals a fine, lustrous texture, and the base bears the mark ‘Xi Nian’ in blue-and-white; the glaze has a faint bluish tinge, and the interior features patterns rendered in line drawing, with clear lines; the red pigment is somewhat dull. A few green spots interspersed amongst the red pigment areas.

	QYLH-18
	The base of the bowl is broken; the cross-section is fine-grained and lustrous, with the mark ‘大’ written in blue-and-white on the base; the glaze has a faint bluish tinge; the interior features a design executed in line-drawing technique, with relatively clear lines; the red pigment is pure. A few green spots interspersed amongst the red pigment areas.

	QYLH-19
	The base of the bowl is broken; the cross-section reveals a fine, lustrous texture, and the base bears the blue-and-white mark ‘Kang Zhi’; the glaze has a faint bluish tinge; the interior features a design executed in line-drawing technique, with relatively clear lines; the red pigment is on the deeper side. A few green spots interspersed amongst the red pigment areas.

	QYLH-20
	The body is relatively thin; the cross-section is fine-grained and lustrous; the glaze has a slight bluish tinge; the design on the exterior is executed in line drawing, with clear lines; the red pigment is on the darker side. A few green spots interspersed amongst the red pigment areas. 



Table .S2 Chemical composition of the pigments in specimens (wt%)
	Sample ID
	Na2O
	MgO
	Al2O3
	SiO2
	K2O
	CaO
	TiO2
	Fe2O3
	CuO
	n(SiO2/Al2O3)

	QYLH-1-RP
	2.90 
	0.50 
	15.03 
	70.76 
	3.44 
	5.94 
	0.08 
	0.36 
	0.32 
	8.00

	QYLH-1-GS
	1.93 
	0.06 
	13.99 
	74.25 
	2.33 
	6.03 
	0.02 
	0.39 
	0.37 
	9.02

	QYLH-2-RP
	2.81 
	0.16 
	13.94 
	73.40 
	3.42 
	4.83 
	0.04 
	0.40 
	0.10 
	8.95

	QYLH-3-RP
	3.48 
	0.32 
	13.55 
	72.46 
	3.42 
	5.13 
	0.06 
	0.57 
	0.08 
	9.09

	QYLH-4-RP
	3.23 
	0.33 
	14.18 
	72.67 
	3.50 
	4.57 
	0.06 
	0.46 
	0.06 
	8.71

	QYLH-5-RP
	2.58
	0
	14.05
	73.85
	3.1
	5.16
	0.06
	0.53
	0.09
	8.94

	QYLH-6-RP
	3.36 
	0.19 
	13.50 
	72.32 
	3.01 
	5.88 
	0.08 
	0.67 
	0.07 
	9.11

	QYLH-7-RP
	4.40 
	0.39 
	14.40 
	71.63 
	3.68 
	3.88 
	0.05 
	0.58 
	0.06 
	8.46

	QYLH-7-GS
	3.84 
	0.03 
	14.21 
	72.21 
	3.85 
	4.21 
	0.07 
	0.58 
	0.09 
	8.64

	QYLH-8-RP
	3.08 
	0.26 
	13.93 
	72.73 
	3.43 
	4.90 
	0.06 
	0.62 
	0.08 
	8.88

	QYLH-9-RP
	3.62 
	0.00 
	13.29 
	73.90 
	3.53 
	4.22 
	0.11 
	0.46 
	0.12 
	9.45

	QYLH-9-GS
	3.03 
	0.00 
	13.72 
	73.82 
	3.74 
	4.22 
	0.02 
	0.57 
	0.16 
	9.15

	QYLH-10-RP
	2.38 
	0.00 
	14.35 
	73.55 
	3.30 
	5.06 
	0.06 
	0.63 
	0.08 
	8.71

	QYLH-11-RP
	3.84 
	0.16 
	14.29 
	73.57 
	3.77 
	3.07 
	0.08 
	0.45 
	0.06 
	8.75

	QYLH-12-RP
	4.34 
	0.04 
	13.74 
	72.24 
	3.59 
	4.46 
	0.09 
	0.50 
	0.17 
	8.94

	QYLH-13-RP
	3.56 
	0.00 
	13.06 
	72.99 
	3.12 
	5.63 
	0.07 
	0.65 
	0.22 
	9.50

	QYLH-13-GS
	4.77 
	1.11 
	14.19 
	67.24 
	2.49 
	8.85 
	0.03 
	0.71 
	0.32 
	8.06

	QYLH-14-RP
	2.88 
	0.00 
	14.05 
	74.02 
	3.55 
	4.03 
	0.08 
	0.54 
	0.04 
	8.96

	QYLH-15-RP
	3.02 
	0.19 
	14.28 
	71.95 
	3.53 
	5.42 
	0.06 
	0.55 
	0.19 
	8.57

	QYLH-16-RP
	3.26 
	0.07 
	14.16 
	72.90 
	3.66 
	4.44 
	0.04 
	0.48 
	0.11 
	8.75

	QYLH-17-RP
	2.60 
	0.04 
	14.52 
	71.50 
	3.54 
	6.30 
	0.10 
	0.54 
	0.20 
	8.37

	QYLH-17-GS
	3.27 
	0.11 
	14.29 
	69.26 
	3.21 
	7.98 
	0.02 
	0.88 
	0.27 
	8.24

	QYLH-18-RP
	1.39 
	0.09 
	14.20 
	72.71 
	3.36 
	6.79 
	0.11 
	0.71 
	0.17 
	8.70

	QYLH-18-GS
	3.04 
	0.00 
	14.21 
	70.14 
	3.17 
	7.66 
	0.04 
	0.77 
	0.46 
	8.39

	QYLH-19-RP
	3.42 
	0.00 
	13.95 
	75.14 
	3.23 
	3.29 
	0.05 
	0.24 
	0.02 
	9.16

	QYLH-19-GS
	3.20 
	0.00 
	13.19 
	76.12 
	3.25 
	3.52 
	0.09 
	0.31 
	0.02 
	9.81

	QYLH-20-RP
	5.50 
	0.03 
	13.17 
	73.02 
	3.89 
	2.98 
	0.04 
	0.36 
	0.04 
	9.43

	QYLH-20-GS
	2.58 
	0.00 
	13.67 
	75.16 
	4.00 
	3.53 
	0.05 
	0.40 
	0.10 
	9.35


Note: RP stands for red pigment, GS stands for green spot

Table .S3 Chromaticity test result of underglaze copper-red for some specimens
	编号
	X
	Y
	Z
	x
	y
	z
	L*
	a*
	b*

	QYLH-1
	22.79
	20.04
	18.17
	0.37
	0.33
	0.3
	51.88
	18.05
	6.94

	QYLH-4
	18.01
	15.43
	13.98
	0.38
	0.32
	0.29
	45.68
	19.36
	6.48

	QYLH-8
	18.13
	18.57
	19.04
	0.33
	0.33
	0.34
	50.1
	2.65
	2.29

	QYLH-9
	12.26
	10.93
	9.81
	0.37
	0.33
	0.3
	39.38
	13.63
	6.05

	QYLH-10
	38.69
	40.64
	42.23
	0.32
	0.33
	0.35
	69.92
	0.21
	2.28

	QYLH-20
	15.66
	14.36
	13.11
	0.36
	0.33
	0.3
	44.62
	12.34
	5.99



