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Estimation on the cost of Rhenium 

To estimate the cost (c) of Rhenium needed in a sample with a practical size, a simple calculation 
can be made using this equation:

 𝑐 = 𝐶𝜌𝑉 = 𝐶𝜌(𝐴ℎ𝜙)

where C is the unit cost of Rhenium: $1050 / lb = $ 2.315 / g (BASF, June 26, 2017), ρ is the 
density of Rhenium: 21.02 g/cm3, A is the area of the sample, h is the material thickness and  is 𝜙
the solid filling fraction of porous material. 

Assuming the sample is pure Re, with A equals 10 cm  10 cm, thickness h equals 5 μm, and  × 𝜙
is ~20%, the total cost of Re in this sample is $0.48.



Comparison of Thermal Stability and Mechanical Properties

Material
Bulk 

Material 
Tmelting(oC)

Processing
Method

Processing
Temperature 

(oC)

Thermal
 Stability 

(oC)

Duration
(h) Reference

Fe 1538 Pyrolysis ~400 Unknown Unknown 1
Co 1495 Pyrolysis ~400 500-700 ~1 2

Ni 1455 Electroplating 
(Aqueous) RT 550-600 ~1 3

W/Mo 3422/2623 Pyrolysis 500-1000 800-1000 ~0.5 4

W 3422 Electroplating 
(Molten Salt) 425 <1000 <0.5 5

W 3422 ALD >200 >1000 >10 6

Re88Ni12 3182/1455 Electroplating 
(Aqueous) near RT 1000 ~5 This work

Table S1. Summary of available results on the thermal stability of 3D refractory metallic inverse 
opals.

Material E (GPa) H (GPa) Reference
SiC 25 0.56 7

TiO2 @ Silica 1.7-8.3 0.04 - 0.4 8
Al2O3 2.5-7.5 0.15-0.3 9

Cu 20 NA 10
Ni ~28 ~0.3 This work

Re88Ni12 ~35 ~0.8 This work

Table S2. List of results on the elastic modulus (E) and hardness (H) of available ceramic and 
metallic 3D inverse opals.



Figure S1. The XRD spectra collected from Re55Ni45 and Re88Ni12 sample after annealing under 
700oc for 5h.

Figure S2. The morphology of the sample after nanoindentation where the dark triangular region 
reflects the shape of the Berkovich tip and the surrounding regions are the inverse opal without 
indentation. As can be seen from the image the material is plastically deformed after the 
indentation. 
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