Table 1 non-isothermal experimental conditions
	Run No.
	Sample
	Mass of sample (mg)
	Heating rate (°C∙min-1)
	Final temperature (°C)
	
	

	CA-1
	C + NiO
	15.030
	10
	900
	

	CA-2
	C + Fe2O3
	15.000
	10
	1100
	

	CA-3
	C + NiO + Fe2O3
	15.020
	10
	1000
	

	CA-4
	C + NiFe2O4
	15.040
	10
	1100
	

	CA-5
	C + Ni + Fe2O3
	15.000
	10
	1100
	

	CB-1
	C + NiO + Fe2O3
	15.010
	10
	750
	

	CB-1
	C + NiFe2O4
	15.020
	10
	895
	

	CB-1
	C + NiFe2O4
	15.010
	10
	938
	

	CB-1
	C + Ni + Fe2O3
	15.020
	10
	890
	

	HA-1
	NiO
	30.3
	10
	700
	

	HA-2
	NiO
	30.3
	15
	700
	

	HA-3
	NiO
	30.0
	 20
	700
	

	HA-4
	NiFe2O4
	30.4
	 10
	1000
	

	HA-5
	NiFe2O4
	30.1
	 15
	1000
	

	HA-6
	NiFe2O4
	30.4
	 20
	1000
	

	HA-7
	Fe2O3
	30.4
	 10
	1000
	

	HA-8
	Fe2O3
	30.3
	 20
	1000
	

	HA-9
	Fe2O3 + NiO
	30.0
	 10
	1000
	

	HA-10
	Fe2O3 + NiO
	 30.0
	 15
	1000
	

	HA-11
	Fe2O3 + NiO
	 30.1
	 20
	1000
	

	HA-12
	Fe2O3 + Ni
	 30.3
	 10
	1000
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	Sample
	Mass of sample (g)
	Reduction temperature (°C)
	Reduction time (min)

	HB-1
	NiFe2O4
	3.004
	450
	20

	HB-2
	NiFe2O4
	3.001
	500
	20

	HB-3
	NiFe2O4
	3.002
	550
	20

	HB-4
	NiFe2O4
	3.002
	600
	20

	HB-5
	NiFe2O4
	3.000
	650
	20

	HB-6
	NiFe2O4
	2.999
	700
	20



Table 3 Reaction parameters and mechanisms of oxide reduction with H2
	Process
	Activation energy (kJ∙min-1)
	Published activation energy (kJ∙min-1)
	The integral form of reaction mechanism
	Mechanism

	NiO → Ni
	87.8
	90.8 [4]
	

	phase-boundary reaction.

	Fe2O3 → Fe3O4
Fe3O4 → Fe
	185.1
53.8
	107 [13]
54 [14]
	




	phase-boundary reaction 
4D formation and growth of nuclei

	NiFe2O4 → Fe/Ni
	69.4
	62.6 [11]
	

	autocatalytic reaction

	Fe2O3 + NiO → Fe/Ni
	71.3
	
	



	phase-boundary reaction and autocatalytic reaction
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