Supplementary Information for:
Construction mortar using Pb-Zn tailings instead of cement - less carbon emissions and better stabilisation of heavy metals
[bookmark: OLE_LINK78][bookmark: OLE_LINK8]Zhishuncheng Lia,b, Rui Ge a,b, Youxiao Xu a, Guangfei Qua,b*, Chenyang Zhao a,b, Yinda Zeng a,b, Yinhan Cheng a,b, Huanhuan Wu a,b

a faculty of environmental science and engineering, Kunming University of Science and Technology, Kunming, Yunnan, 650500, China
b National Regional Engineering Research Center-NCW, Kunming, Yunnan, 650500, China
*E-mail Address: 15912501574@163.com



1. Raw material characteristics
1.1 Chemical composition
Table 1 Chemical analysis of the raw materials. Concentration of trace elements in %.
	Composition (%)
	Raw materials

	
	Lead-zinc tailings
	Fly ash
	Granulated blast furnace slag
	Silica Fume
	Portland cement

	Na
	0.1328
	0.2423
	0.2716
	0.3558
	0.4031

	Mg
	0.1257
	0.1426
	0.0543
	0.1958
	0.1904

	Al
	0.3627
	2.6455
	0.3279
	7.4209
	10.5471

	Si
	0.0017
	0.0401
	0.0307
	0.0453
	0.0395

	K
	0.1203
	0.13
	0.1281
	0.1644
	0.1376

	Ca
	0.4907
	0.3991
	0.0828
	0.1247
	0.1758

	Cr
	0.0176
	0.0027
	0.0238
	0.0216
	0.00002

	Mn
	0.0401
	0.2931
	0.051
	0.2718
	0.2087

	S
	2.325
	0.8796
	0.2788
	1.173
	0.0831

	Fe
	0.0411
	2.8477
	0.1727
	0.2641
	1.5627

	Cu
	0.0396
	0.0036
	0.0021
	0.0012
	0.0025

	Zn
	0.018
	0.0269
	0.0436
	0.1259
	0.025

	As
	0.2777
	0.0617
	0.0545
	0.0637
	0.0528

	Pb
	0.4448
	0.0334
	0.0023
	0.0004
	0.0008


According to the Chinese Standard Specification for Natural Volcanic Ash Raw Materials or Calcined Materials for Cement and Concrete (ASTM C618-15), it is clearly stipulated that when the total amount of SiO2, Al2O3 and Fe2O3 together exceeds 70%, it can only be used as a volcanic ash material. As a volcanic ash material, the LZTs used in this study totaled approximately 80.82%, indicating that this P LZTs is active and can be used as a potentially volcanically active mineral dopant. Of the other three mineral admixtures used as a compound, the main chemical components of fly ash are SiO2 and CaO, which can provide the calcium and silicon elements required for the subsequent hydration reaction of the cementing material. Granulated blast furnace slag contains a large amount of silica, with a content of more than 96 wt%, as well as a small amount of Al2O3 and CaO, which has a high potential volcanic ash activity and can improve the compressive, tensile, bending and shear strength of concrete. The main chemical composition of silica fume is calcium oxide, silicon dioxide and alumina, which has many advantages such as high activity, very fine particle size and large specific surface area due to the fact that SiO2 is an amorphous substance in silica fume [34]. The main chemical components of silicate cement are silica and alumina, with small amounts of Fe2O3 and CaO. silica is a beneficial chemical composition for the preparation of building materials, and as silica increases, so does the strength of the material [35], and the higher the calcium oxide content the more favorable the formation of cementitious substances, giving the mortar prepared from the tailings better activity and improving the early strength of the tailings [36].
1.2 XRD characterization of other raw materials
(1) Fly ash
[image: ]
Fig.S1 XRD spectrum of fly ash
The fly ash used in this study was provided by Henan Dingnuo Purification Materials Co., Ltd. with a particle size of 800 mesh, dark gray color, specific surface area of 5.137 m2/g, and particle size concentrated between 2 and 100 μm. Fly ash is widely used in the construction industry: adding fly ash to concrete as auxiliary cementing material or fine aggregate can reduce the cost, improve the compatibility, water resistance, strengthen the ability of concrete to resist sulfate and chemical erosion, and also reduce the heat released by hydration, improve high temperature resistance, reduce segregation, dry shrinkage and cracking.
Fig.S1 shows the XRD diffraction spectrum of fly ash, from which it can be seen that the main crystalline phases of fly ash are C3S and SiO2.
(2) Granulated blast furnace slag
[image: ]
Fig.S2 XRD spectrum of Granulated blast furnace slag
The granulated blast furnace slag used in this study were all provided by Henan Dingnuo Purification Materials Co., Ltd. and were blue-gray in color, with a density of 2.83 g/cm3 and a specific surface area of 478 m2/kg, and the 28-d activity index could reach 97%. Granulated blast furnace slag (GBFS) is a molten material consisting of silicate and aluminate, made by melting pig iron in a blast furnace and rapidly cooling it into granular form. It undergoes drying, grinding and other processes to achieve a high fineness and reactivity of the powder particles.
The XRD pattern of granulated blast furnace slag is shown in Fig.S2, and it can be learned that the spectrum of granulated blast furnace slag has a broad peak and no significant crystalline shape appears because granulated blast furnace slag is an amorphous material because it is a material that has been quenched and shaped.
(3) Silica fume
[image: ]
Fig.S3 XRD spectrum of Silica fume
The silica fume used in this study is provided by Henan Dingnuo Purification Materials Co, Ltd. and is grayish white with a particle size of 20 μm and a specific surface area of 19,893 m2/kg. Due to the large amount of SiO2 in silica fume and its high reactivity, it is also widely used in important fields such as wall materials, cement products, mortar building materials due to many advantages such as fine-grained particles and large specific surface area. The XRD results of silica fume are shown in Fig.S3, with a broad peak pattern and no obvious diffraction peaks. This is because SiO2 in silica fume is an amorphous amorphous substance, so only a small amount of more obvious SiO2 diffraction peaks are examined in XRD.
(4) Silicate cement
[image: ]
Fig.S4 XRD spectrum of Silicate cement
The cement used in this study is ordinary silicate cement, type P.O 52.5, produced by Shandong Zhucheng Yangchun Cement Co., Ltd. and is gray-black in color, with an initial setting time of 90 min and a final setting time of 180 min, an average particle size between 30 ~ 40 μm, and a specific surface area of 381 m2/kg. The XRD diffraction pattern of silicate cement is shown in Fig.S4, and the main crystalline phases of silicate cement are C2S, C3S, and C3A.
2. The strength range analysis of orthogonal experiment
Table 2 Orthogonal test compressive strength range analysis table
	
	Factor
	A
	B
	C

	Compressive strength
(3d)
	K1
	7.449
	7.666
	8.191

	
	K2
	8.523
	7.643
	7.443

	
	K3
	6.873
	7.535
	7.210

	
	R
	1.65
	0.131
	0.981

	Compressive strength
(7d)
	K1
	13.817
	13.394
	13.306

	
	K2
	13.389
	12.970
	12.656

	
	K3
	11.769
	12.610
	13.012

	
	R
	2.048
	0.784
	0.650

	Compressive strength
(28d)
	K1
	23.286
	20.033
	19.263

	
	K2
	19.206
	19.344
	20.969

	
	K3
	20.040
	23.154
	22.300

	
	R
	4.080
	3.810
	3.037


From the results of the extreme difference analysis of the composite mortar specimens in Table 2, we know that when the specimens were maintained to 3d, 7d and 28d, the compressive strength data were tested and the statistics were averaged to obtain the following order of influence of strength: 3d compressive strength: A>C>B; the optimal formula was A2B1C1; 7d compressive strength: A>B>C; the optimal formula was A1B1C1; 28d compressive strength: A>B >C; optimum formulation A1B3C3, i.e. tailings particle size 0.315mm, dopant is fly ash and water reducing agent addition is 4.9g.
Table 3 Orthogonal test compressive strength variance analysis table
	Factor
	DEVSQ
	Degree of freedom
	SE
	Test Statistic

	F(α=0.10）
	Significance

	A
	27.872
	2
	13.936
	0.564
	9.00
	×

	B
	24.734
	2
	12.367
	0.500
	
	×

	C
	13.911
	2
	6.956
	0.281
	
	×

	error
	49.43
	2
	24.715
	
	
	

	sum
	115.947
	8
	
	
	
	


As can be seen from Table 3, the test statistic was calculated to be 0.564 for factor A, 0.500 for B and 0.281 for C. The degree of correlation of the 28d compressive strength of the specimens was obtained after comparison as follows: tailings particle size was the most relevant, dopant type was the next most relevant and water reducing agent use was the least relevant. The results of the F-test calculations showed that the F-values of the factors were less than the critical values, therefore it was concluded that the tailings particle size, admixture type and water reducing agent addition were not correlated with the 28d compressive strength of the samples, but exceeding the control range would cause a negative correlation in the 28d compressive strength of the composite mortar.
3. Parallel experiments
By analyzing the results of the orthogonal experiments, the best proportioning scheme was determined and compared with the scheme with the highest strength in the experiments and found to be the same combination, so parallel experiments were carried out to examine the compressive strength at 28 d. The results of the experiments are shown in Table 4.
Table 4 Results of parallel experiments
	Number
	Tailings particle size (mm)
	Admixture Addition
	Water reducing dose
(g)
	28d

	
	
	
	
	Compressive strength（MPa）
	Flexural strength（MPa）

	1
	0.315
	Silica fume
	4.9
	26.323
	6.659

	2
	0.315
	Silica fume
	4.9
	26.345
	6.891
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