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Supplementary Figures 

 

 

Figure S1. images of hydrogel discs throughout the curing, washing, and infiltration process. (a) 
Freshly cured organogel disks are a clear yellow (b) after washing and solvent swapping to water, 
hydrogels are translucent and pale yellow. (c) Hydrogel soaking in metal salt solutions (blue for 
copper nitrate and green for copper chloride), and (d) upon infusion hydrogels adopt the blue (top 
row in crucible) and green (bottom row in crucible) hues of the salt solutions.  

Note: the hydrogel infused with copper nitrate have a blue-green tint since the starting color of the 
hydrogel was yellow and the copper nitrate solution was blue, leading to a final blue-green hydrogel 
disc.  
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Figure S2. When infiltrated with UO2
2+ and Ce3+ cations, the dilute organogels shrink significantly in 

size prior to and after calcination. (a) in the red box is UO2
2+ infiltrated organogels, dilute on the left 

and concentrated on the right; the blue box is Ce3+ infiltrated organogels, dilute on the right and 
concentrated on the left. (b) post calcination, the ceramics are notably smaller than other 
conditions in the case of U (red box) and the only to remain intact in the case of Ce (blue box). 

 

 

 

 

Figure S3. Microscope images taken at 1x zoom of plain hydrogel and CeCl3 infiltrated hydrogels, 
both of dilute formulation. The infiltrated gel shrinks by approximately 0.9 mm in diameter after 
infiltration. 
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Figure S4. Impact of resin formulation and anion choice on CuO ceramics resulting from HIAM 
process. Cu(NO3)2 infiltration into gels left them light blue (a) and after calcination many were 
powdery and difficult to handle (b) SEM analysis showed that CuO from concentrated resin had a 
more porous, discordant microstructure when compared with those from diluted resin (c). CuCl2 
gave green hydrogels upon infiltration (d) and after calcination were easy to handle and solid (e); 
SEM analysis showed larger, consolidated grains for both concentrated and dilute resin conditions 
(f). The samples shown in the images on the left were exploratory samples of varying resin 
conditions, including 2:1 (far left) and 1:2 (far right). Samples were prepared in duplicate or 
triplicate and only intact samples were selected for analysis, when possible. 
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Figure S5. Powder X-ray Diffraction (XRD) data showing oxide phases resulting from the HIAM 
process, confirming oxide assemblage of varying purity. XRD data was collected with D8 Discover 
X-ray powder diffractometer (Bruker). Phases were matched using High Score Software, and 
visualized using GSAS-II.1,2  

 

 

Figure S6. Small-angle X-ray scattering (SAXS) data showing oxide phases resulting from the HIAM 
process, confirming oxide assemblage of varying purity.  
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Figure S7. SEM images showing blister appearance in (a) CuCl2 system (consolidated mode) and in 
(b) Ce(NO3)3 system (poorly consolidated mode). 

 

 

 

Figure S8. XCT reconstruction slices of ceramics resulting from (a) Cu(NO3)2 and (b) CuCl2 infusion 
into hydrogels (1:1), along with their corresponding vertical cross-sections. Sample in a) has an 
approximate average thickness of 169 μm and sample in b) has an average thickness of 277 μm. 
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Figure S9. SEM of ceramics resulting from concentrated (2:1) hydrogel infused with (a) Cu(NO3)2 
and (b) CuCl2.   
 

 

Figure S10. SEM of ceramics resulting from dilute (1:2) hydrogel infused with (a) Ce(NO3)3 and (b) 
CeCl3.  (c) XCT reconstruction slices of ceramics resulting from 2:1 infused CeCl3 hydrogel, along 
with its corresponding vertical cross-section (d). Because this was only a piece of the resulting 
powder product, the average thickness of the sample was not determined.  
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Figure S11. STA analysis of un-infiltrated 1:1 hydrogel (black), hydrogels infused with the copper 
salts (red), and hydrated copper salts (purple): (a) the nitrate system and (b) the chloride system. 
Evolution of temperature-dependent weigh % (TGA in dashed lines; left y-axis) and heat flow rate 
(DSC in solid lines; right y-axis) as a function of temperature up to 700 °C, with a heating ramp rate 
of 10 °C/min. Both nitrate and chloride infiltrated gels bear a closer resemblance to the hydrogels 
than the salts.  

 

 

Figure S12. XCT reconstruction slices of ceramics resulting from ZrOCl2 infusion into (a) 
concentrated hydrogel (2:1) and (b) hydrogel (1:1), along with their corresponding vertical cross-
sections. Sample in a) has an average thickness of 320 μm and in b) average thickness is 177 μm.  
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Supplementary Tables 

 

Table S1. Decomposition pathways of Ce salts. 

Thermal decomposition of Ce(NO3)3 •6H2O3 Thermal decomposition of CeCl3• 7H2O4 

Ce(NO3)3 •6H2O  → Ce(NO3) + 6H2O 

Ce(NO3)3 → Ce(NO3)2 + NO2 + ½ O2 

Ce(NO3)2 →CeNO3 + NO2 + ½ O2 

CeNO3 + ½ O2→ CeO2 + NO2 

CeCl3• 7H2O → CeCl3 + 7H2O 

CeCl3  + 3 H2O → Ce(OH)3 + 3 HCl 

4Ce(OH)3 + O2 + 2H2O → 4Ce(OH)4 

Ce(OH)4 → CeO2 + 2H2O 

AND 

2CeCl3  + 2O2 → 2CeO2 + 3Cl2 

 

 

 

Table S2. Decomposition pathways of Zr oxo salts. 

Thermal decomposition of ZrO(NO3)2•6H2O5 Thermal decomposition of ZrOCl2• 6H2O5 

ZrO(NO3)2•6H2O  → t-ZrO2 + m-ZrO2 

 

t-ZrO2 → m-ZrO2 

ZrOCl2•6H2O  → t-ZrO2  

 

t-ZrO2 → m-ZrO2 

 

Table S3. Decomposition pathways of UO2(NO3)2. 

Thermal decomposition of UO2(NO3)2•6H2O4   

UO2(NO3)2•6H2O → UO2(NO3)2•2H2O + 4H2O 

UO2(NO3)2•2H2O → UO2(OH)NO3 + H2O + HNO3- 

UO2(OH)NO3 → UO3 + HNO3 

AND 

UO2(NO3)2 → UO3 + 2NO3 + ½ O2 

3UO3 → U3O8 + ½ O2 
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