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Fig. S1 Total Cr content in hydrothermal solution at different (a) reaction temperature, (b) reaction 

time, (c) dosage of Fe2(SO4)3 and (d) dosage of CO(NH2)2. 
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Fig. S2 (a)XRD pattern, (b) optical image of Cr-SS.  

(c)XRD pattern, (d) optical image of Cr-SS-AR. 

  

Table S1 Cr content in the Cr-SS before and after treatment. 

Sample Cr concentration (mg/L) Fe concentration (mg/L) 

Cr-SS 4.11958 × 10 0 

Cr-SS-AR 1.27 × 10-2 0 
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Table S2 The comparison between the traditional and this paper in Cr removal from Cr-containing 

wastes 

Cr-containing wastes Treatment method 
Cr removal rate 

(%) 

Reaction 

product 
Reference 

Chromium ore processing 

residue 

FeSO4 hydrothermal 

treatment 
99.9 FeCr2O4 

Lan et al., 2022 

[1]  

Chromium ore processing 

residue 

(NH4)2SO4 roasting  

H2SO4 leaching 
95.39 Na2Cr2O7 

Zhang et al., 2022 

[2] 

Chromium ore processing 

residue 
Chlorination roasting 99.9 MgCr2O4 

Zhou et al., 2021 

[3] 

Cr-containing electroplating 

sludge 
hydrothermal treatment 95 FeCr2O4 

Xie et al., 2022 

[4] 

Chromium ore processing 

residue 

glass-ceramic 

immobilization 
77 

MgCr1.32Fe0.19 

-Al0.49O4 

Liao et al., 2017 

[5] 

Cr-containing sulfate waste hydrothermal treatment 99.9 FeCrO3 This paper 
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Fig. S3 The overall morphology of (a - c) FeOOH and (d - f) FeCrO3/FeOOH. 

 

 

Fig. S4 XRD pattern of Fe2O3 and Cr/Fe2O3. 
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Fig. S5. SEM-EDX images (a, b, c) of Fe2O3 and SEM-EDX spectra (d, e, f) of Cr/Fe2O3. 
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Fig. S6. XPS spectra of Fe2O3. (a) full survey spectrum, (b) O 1s and (c) Fe 2p. 
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Fig. S7. XPS spectra of Cr/Fe2O3. (a) full survey spectrum, (b) O 1s, (c) Cr 2p and (d) Fe 2p. 

 

 

Fig. S8 SEM images of Cr-SS hydrothermal treatment for (a,b) 0.5 h, (c,d) 2 h, (e,f) 4 h, (g,h) 8 h 

and (i,j) 12 h. 

During the hydrothermal reaction progression, Fe3+ undergoes conversion to Fe(OH)3 in an 
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alkaline setting, serving as the precursor for the initial ferrite material formation. With prolonged 

hydrothermal time, the transformation of Fe(OH)3 to FeOOH occurs, leading to the growth of 

FeOOH on the ferrite surface and the development of uniformly dispersed short rod-like crystals. 

After exceeding 8 h and reaching 12 h of hydrothermal treatment, the short rod-like crystals evolve 

into regular hexahedral crystals, resulting in a complete alteration of the ferrite surface morphology. 

 

 

Fig. S9 C2 - C7 products selectivity of Fe2O3, FeCrO3/Fe2O3, and Cr/Fe2O3. 
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Table S3. The comparison of CO2 hydrogenation performance of different catalysts 

Catalysts 
Reaction 

temperature (°C) 

CO2 

conversion 

(%) 

CH4 selective 

(%) 

Selectivity of C2-C7 

products (%) 
Reference 

FeZnK/ZrO2 300 8.0 45.0 - 
Pasupulety et al., 

2024 [6] 

CoCe-GC 600 23.4 37.4 - Xie et al., 2023 [7] 

2% Pt/ZrO2 300 18 1.7 - 
Seuser et al., 2023 

[8] 

1% Fe/13X 400 10 22 - 
Franken et al., 2020 

[9] 

10% Ir/In2O3 200 17.7 - 70 
Shen et al., 2021 

[10] 

Commercial 

Fe-Cr based 

catalyst 

400 35 60 20 - 

FeCrO3/Fe2O3 240 12.4 45.9 24.4 This paper 

 

Table S4 Different forms content and the RAC value of Cr in FeCrO3/Fe2O3 and Cr/Fe2O3. 

 

Table S5 Chromium content in different valence states for FeCrO3/Fe2O3 and Cr/Fe2O3. 

Sample Cr3+ (mg/g) Cr6+ (mg/g) 

FeCrO3/Fe2O3 1.03 1.2 × 10 -2 

Cr/Fe2O3 1.08 - 

 

Reference: 

[1] Y. Lan, L. Zhang, X. Li, W. Liu, X. Su, Z. Lin, Efficient immobilization and utilization of chromite ore 

processing residue via hydrothermally constructing spinel phase Fe2+(Cr3+
X, Fe3+

2-X)O4 and its magnetic 

separation, Sci. Total Environ. 813 (2022) 152637. https://dx.doi.org/10.1016/j.scitotenv.2021.152637 

Sample F1 (mg/kg) F2 (mg/kg) F3 (mg/kg) F4 (mg/kg) RAC value (%) 

Cr/Fe2O3 2.27856 × 102 5.8158 × 102 2.10456 × 102 5.785625 × 103 3.348 

FeCrO3/Fe2O3 8.2688 × 10 2.49368 × 102 1.80324 × 102 7.85875 × 103 0.988 



 10 
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