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Part. 1 Specific parameters of the test method
Thermogravimetry (TG)-differential scanning calorimetry (DSC)
The sample after the termination of hydration was ground in an agate mortar and the excess alcohol was blow-dried at room temperature. Then the samples were tested in a METTLER TOLEDO (TGA/DSC1600LF) thermogravimetric analyzer. The heating temperature was from room temperature to 1000 °C, and the heating rate was 20°/min. The protective atmosphere was N2 with a gas flow rate of 50 mL/min.
Surface dry weighing
The test block before carbonization was soaked in water for 6 h to reach the state of water saturation. After that, the water on the surface of the test block was wiped dry and the analytical balance was used to measure the quality. After carbonization, the test block was also immersed in water for 6 h to reach the state of water saturation. After drying the surface water, the weight of the test block was measured to calculate the weight gain after carbonization.
X-ray diffraction (XRD)
The hydrated samples were immersed into the ethanol solutions and then dried before being finely ground. XRD data were collected from a Rigaku SmartLab 3000A diffractometer with Cu Ka radiation (λ = 0.15406 nm). The X-ray tube was operated at 40 kV and 15 mA. The scanning angle was set to 5-65° with a scanning speed of 10 °/min and a step size of 0.01.
Mercury intrusion porosimetry (MIP)
The Poremaster GT-60 (Quantachrome, USA) mercury injection method (MIP) was used. The test sample is a 4-5mm cut block with a mass of about 1g. The total porosity, pore size distribution, and apparent density were determined by the MIP test.
Backscattered electron imaging (BSE) and energy dispersive spectroscopy (EDS)
Firstly, the hydrated samples were broken into small blocks and then vacuum-dried for 24 hours at 40 ℃. Then the small blocks were immersed in epoxy resin and polished by a polishing machine. The microstructure of the polished surface of the sample was photographed using a backscattered electron imaging microscope (model Quanta 600). The surface was calibrated by an energy spectrometer (Genesis 7000) and the element distribution was determined.
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Fig. S1 The phase composition, particle size, and chemical composition of raw materials 
Table S1 Main chemical composition of copper-nickel slag determined with XRF
	Components (wt.%)
	Fe2O3
	SiO2
	MgO
	Al2O3
	CaO
	Cr2O3
	SO3
	TiO2
	MnO

	Copper-nickel slag
	53.90
	31.66
	5.78
	3.14
	2.14
	0.07
	1.05
	0.19
	0.11
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Fig. S2 Profile of CNCM test block after carbonated at 80 ℃ (purple part is caused by color reaction using standard phenolphthalein alcohol indicator)
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