Thermal and Kinetic Study of Manganese Dithionate from Absorbing or Leaching Solution via TG/XRD/IC Analysis
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Table:

Table S1 The Gibbs free energy (ΔGθ298) of each reaction step in the thermal decomposition

	          Reaction step
ΔGθ298
	R(1)
	R(2)
	R(3)
	R(4)

	kJ mol-1
	-151.016
	-128.597
	-258.551
	-281.018


If ΔGθ298＜0, the reaction is the endothermic, forward, and spontaneous reaction.
Table S2. Thermal analysis of the dithionate salts

	Dithionate
	Thermal decomposition steps
	Thermal process (Ea)
	Product 
(reaction temperature)
	Exhaust gas

	
	
	dehydration
	desulfurization
	
	

	Na2S2O6·2H2O
	Two
	46.5
	334.0
	Na2SO4 (230℃)
	SO2

	MgS2O6·7H2O
	Four
	34.0
	273.5
	MgSO4 (495℃)
	SO2

	CaS2O6·4H2O
	Three
	38.9
	301.4
	CaSO4 (210℃)
	SO2

	MnS2O6·H2O
	Three
	25.8
	131.9
	Mn3O4 (1100℃)
	SO2、SO3


Manganese dithionate preparation:
A: Under the condition of pH of 5.5±0.5 and the reaction temperatures of 45℃–50℃, the desulfurization with pyrolusite was carried out. After the reaction, the absorbent solution was obtained.
B: The simulate pyrolusite was composed of MnO2, Ba(OH)2, and Ca(OH)2 (in accordance with the weight proportion of 4:2:1); Upon the conditions of pH of 2.7±0.3 and the reaction temperatures of 45℃–50℃, the absorption process of SO2 with the simulate pyrolusite was stopped; By removing impurity, cooling and repeated filtration for the above products, manganese dithionate was obtained as the purification liquor; Finally, the purification liquor formed the solid-liquid mixing in the homothermal drying oven (at 90℃), and then the purification crystal was obtained by the vacuum freeze dryer.
Table S3. Compositions of the absorption solution (A) and purification liquid (B) (g/L)
	Ion
	Mn
	Ca
	Mg
	Fe
	Ba
	K
	Na
	SO42-
	S2O62-

	A
	51.57
	2.88
	3.30
	3.34
	-
	0.52
	0.38
	29.88
	12.10

	B
	37.85
	1.20
	0.066
	0.016
	0.003
	0.017
	0.002
	27.87
	69.15


Figure:
The absorption liquid sample (short for AS) formed the solid-liquid mixing in the homothermal drying oven (at 90℃).
In all of the figures, the absorption liquid was defined as A, and the purified liquid was B.
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Fig.S1-1 The SEM of different crystal structure between MnS2O6 and AS
The different and the inhomogeneity of grain phase composition (MnS2O6 and AS) in thermal decomposition environment.
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Fig.S1-2 TG-DSC curve of AS (β = 10 K min-1)
The TG curve showed more than three distinct weight loss stages (five stages), which was different from that of MnS2O6.
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Fig.S1-3 Weight loss rates of different samples at different temperatures in 60 min
The fitting results indicated that the calculated data on the weight loss rate of pure MnS2O6 agreed well with those of absorption liquid, and the mean squared error between both is about 9.0%.
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Fig. S1-4 XRD patterns of MnS2O6 and AS obtained at different heating temperature
During the thermal decomposition, the compositions of the pyrolysis products in the absorption solution were more complex, and the pyrolysis reactions of the different chemicals coexisted.
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Fig. S1-5 Raman spectra of the products from the thermal decomposition of MnS2O6 and AS at 1100 ℃
The difference of the final pyrolysis products was further determined.
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1. Air-compressor; 2. Flowmeter; 3. Tube Resistor-furnace; 4. Absorption Flask (Ⅰ); 5.Absorption Flask (Ⅱ);
Note: The absorption solution is the mixture of NaOH and H2O2.

Fig.S2 Experiment apparatus for the thermal decomposition of MnS2O6
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