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Following Emily Yedinak down a rabbit hole
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Natural hydrogen as the bridge to a future hydrogen economyQuestion:  Can we stimulate and not wait for Mother Nature?               



The reality of looking down a hole into White Space

Numbers get very large and loose

“Approximate” and “About” – are precise terms

Google doesn’t know where you’re going



Iron(II) Silicate – A major source of Mother Nature’s H2

Roughly 6.6 kg H2/ton of iron silicate equiv



And where do we find iron(II) silicates?

Fe reported as oxide
but really silicates

~ 10% iron silicates 
(fayalites)

Approximate 
Average CompositionOlivine – Rarely Pure, and Never Simple



Is there enough of this to make it matter?

~40% of earth’s crust is olivine-type rocks

~10% Fe minerals



Let’s pull out an envelope

‣ Weight of continental crust
– 1019 ton

‣ 40% of which is olivinic
– 4 x1018 ton

‣ 10% of that is iron silicate
– 4.0 x 1017 ton 

‣ 0.0066 ton H2/ton iron silicate
– 2.6 x 1015 tons of potential H2

Enough  for millions of years 
of maximum H2 demand



What are we waiting for? Let’s go get it!

Its thought to be a slow reaction

It has to be done in situ

There are lots of things 
underground that like H2



Where Geologic Hydrogen Produced?

Quaise Energy

Reactions occur deep

‣ Engineering georeactors  
kilometers underground?

‣ Purifying and claiming H2 as 
it’s formed?



Geologic Oxidation Happens under Extreme Conditions

The microstructure development of fayalite
powder before and after oxidation under water vapor
containing condition at 1000 °C for different time is
shown in Fig. 9. Compared with fayalite powder
before reaction (Fig. 9a), a significant observation is
the growth of a specific structure on the surface of
fayalite particle after reaction. As shown in Fig. 9b,
some smaller bumps are formed on the surface of
fayalite particle after oxidation for 20 min. At high
magnification (inset in Fig. 9b), the bump is a
compact granular layer. Based on EDS mapping
analysis, the compact granular layer predominately
consists of iron oxide while with tiny amounts of
silica. In addition, the granule size of the iron oxide
significantly increases as the oxidation time
increasing (Fig. 9c-d).

For the detailed morphology of the oxidation
product, the SEM images of the solid product after
oxidation for 40 min at high magnification are shown
in Fig. 10. It can be seen that the oxide grains possess 
the spinel shape, which is the characteristic of

magnetite (Fig. 10a). From the corresponding EDS
mapping of elements analysis (Fig. 10b), silica exists
in the form of very tiny particles and mainly
distributes on the top of magnetite, further verifying
water vapor can promote fayalite to transform into
magnetite.

3.2.2. Characterization of gas product

The hydrogen generation during the oxidation
when exposed to water vapor is investigated. Fig. 11
shows the hydrogen concentration as a function of
time during the oxidation process. The time lag
between water injection and hydrogen detection is the
sampling time and the gas analyzer response time. It
is characterized as typically three stages. In the first
stage, the hydrogen concentration in the off-gas
increases rapidly to a maximum value just in few
seconds. Then the production rate levels off for about
1000 s. In the third stage, the hydrogen concentration
decreases rapidly. Combing the XRD analysis, the
oxidation reaction should complete in this stage. In
this work, the fayalite particles produce 24.41 mL of
hydrogen per gram at 1000 °C for 40 min in 50 vol%
water vapor–50 vol% Ar. Compared with the
hydrogen production by water splitting
thermochemical cycle based on transition metal oxide
redox pair, for instance, Christopher L. Muhich et al
[32] reported isothermal water splitting at 1350 °C
using the “hercynite cycle” with H2 production
capacities of 2.28 mL/g•cycle. Jonathan R. Scheffe et
al [33] investigated spinel ferrite/hercynite water-
splitting redox cycle and the H2 production is 11.2
mL/g•cycle at a reduction temperature of 1200 °C.
Rahul R. Bhosale et al [34]. reported water-splitting
for H2 generation using sol-gel derived Mn-ferrite
with an average of 8.44 mL g-1•cycle-1 H2 at water
splitting temperature of 900 °C. The hydrogen
production capacity in our study is superior to the
reported results in the literature. The possible reason
is that the number of reduced iron (Fe2+) dictates the
total H2-generating capacity of fayalite with a
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Figure 9. SEM images of fayalite powder before and after
reaction at 1000 °C for different time (a) 0min,
(b) 20 min, (c) 30 min and (d) 40 min

Figure 10. SEM images and the corresponding EDS
analysis of the oxidation solid product at 1000
°C for 40 min

Figure 11. The hydrogen concentration as a function of
time during the oxidation process at 1000 °C

J. Min. Metall. Sect. B-Metall. 54 (1) B (2018) 1 - 8 

- High temp and pressure 

- Can one catalyze it?

- How fast is fast enough?



What Happens to H2 Underground?

https://www.lek.rwth-aachen.de/cms/LEK/Forschung/Petrophysik/Aktuelle-Projekte/~jflsn/H2ReacT-Transport-von-Wasserstoff-in-
G/lidx/1/

‣Microbes use H2

‣ H2 reduces oxides/sulfides

‣ H2 reacts to form methane



So – What can you bring to the tea party?

‣ Finding and reaching deep earth deposits

‣ Catalyzing this mineral reaction

‣ Eliminating parasitic H2 reactions
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Let’s Reach for the end of the Hydrogen Rainbow

Thoughts? 
Doug.Wicks@hq.doe.gov


