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J. Hawley, Method for Producing Hydrogen Fuel, Zinc Powder, Zinc Oxide, Polymetallic Matte 

Bullion, and Potable Water from Zinc Ore, Provisional Patent Application filed in the United 

States Patent and Trademark Office on May 17, 2019.

FEDERALLY SPONSORED RESEARCH 
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SEQUENCE LISTING 
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FIELD OF THE INVENTION 

The subject invention of this provisional utility patent application (“Invention”) relates to a 

carbon-neutral, solar-hydrolytic method for producing, distributing, and storing hydrogen fuel, 

zinc powder, and zinc oxide at or near the point of use, eliminating the emission of greenhouse 

gases and greatly reducing the costs associated with current methods of hydrogen production, 

transportation, and storage. 
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TERMS AND ABBREVIATIONS USED IN THIS APPLICATION 

• Blackstone Green Energy, Inc.: A for-profit corporation, organized and existing under 

the Idaho Uniform Business Organizations Code, I.C. §30-21-101 et seq., as amended, on 

July 8, 2016. 

• Blackstone Mine: A mineral property consisting of five federally patented mining claims 

(100 acres) situated in the Bennett Mountains in sections 13, 14, and 15, T.2 S., R.10 E., 

Boise Meridian, approximately 85 miles southeast of Boise, Idaho. The patented claims 

are designated as the Kentucky, Ohio, Iowa, Illinois, and Oregon Lode Mining Claims 

(Mineral Survey No. 1662), more particularly described in Book 15 of Patents at page 

407, et seq., in the Office of the County Recorder, Elmore County, Idaho. The claims 

were originally patented in 1903 by Blackstone Mining Company, Ltd. 

• Blackstone Mining Company, Ltd: A for-profit corporation, organized under the laws 

of the State of Idaho on December 15, 1899 and, pursuant to the provisions of the Idaho 

Business Corporations Act, I.C. §30-29 et seq., as amended, reincorporated under the 

same name as the successor-in-interest on August 28, 1987. 

• Brown hydrogen: Hydrogen produced from coal or other nonrenewable resources.1 

Compare to green hydrogen, infra. 

• Chemical abbreviations: 

• H2: Molecular hydrogen 

• H2O: Water 

• O2: Oxygen  

• Zn: Zinc 

• ZnO: Zinc oxide 

• DOE: United States Department of Energy. 

• FCEV: Hydrogen-powered fuel-cell electric vehicle. FCEV refers to a type of electric 

vehicle that uses a fuel cell, instead of a battery, or in combination with a battery or 

supercapacitor, to power an onboard electric motor. Fuel cells in vehicles generate 

electricity to power the motor, generally using oxygen from the air and compressed 

                                                           
1 Hydrogen produced from natural gas is sometimes referred to as blue hydrogen, and hydrogen produced as a 

waste byproduct or industrial byproduct is sometimes referred to as grey hydrogen, although these terms are far less 
common in the literature. 
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hydrogen. Most fuel-cell vehicles are classified as zero-emissions vehicles that emit only 

water and heat. 

• GGE: Gasoline gallon equivalent. GGE is the amount of alternative fuel it takes to equal 

the energy content of one gallon of gasoline. One kilogram of hydrogen is roughly 

equivalent to one gallon of gas.2  

• Green hydrogen: Hydrogen produced by zero-emission renewable energy sources such 

as electrolysis of water using wind power, solar power, hydro power, wave power, or 

tidal power. Compare to brown hydrogen, supra. 

• H2: Molecular hydrogen. Atomic hydrogen (H) is number 1 on the Periodic Table of 

Elements. It consists of one proton and one unpaired electron which means that it is a free 

radical. However, an atom of hydrogen rarely exists on its own because its unpaired 

electron eagerly seeks to join up with another electron. The molecular form of hydrogen 

(H2) is more common. Molecular hydrogen is a gas that forms when two hydrogen atoms 

bond together and become a hydrogen molecule, consisting of two protons and two 

electrons. It is the most common form of hydrogen because it is stable with a neutral 

charge and is not a free radical. Molecular hydrogen is the smallest molecule in the 

universe, which means it can go where nothing else can. Hydrogen gas cannot be kept in 

plastic because it will pass through the walls of the container. 

• Hydrogen highway: A chain of hydrogen-equipped filling stations and other hydrogen 

infrastructure along a road or highway that would allow hydrogen powered cars to travel. 

It is an element of the hydrogen infrastructure that is generally assumed to be a 

prerequisite for mass utilization of hydrogen cars. There are numerous plans and 

proposals to develop hydrogen highways through private and public funds. 

• Invention: The specific invention that is the subject of this Provisional Utility Patent 

Application. 

• kg: Kilogram 

• kWh: Kilowatt hour.   

                                                           
2 The exact conversion formula for hydrogen is GGE = H2 kg x 1.019 (GGE = H2 gal x 0.256). Fuel Conversion 

Factors to Gasoline Gallon Equivalents, Washington, D.C.: State and Alternative Fuel Provider Fleets, United 
States Department of Energy, https://epact.energy.gov/fuel-conversion-factors (accessed 23 July 2019). 



Hawley, Solar-hydrolytic method for on-site production of hydrogen fuel Page 4 

• Steam reformation: Sometimes referred to as steam-methane reforming, steam 

reformation is a chemical synthesis for producing syngas (hydrogen and carbon 

monoxide) from hydrocarbons such as natural gas. This is achieved in a reformer which 

reacts steam at high temperature and pressure with methane in the presence of a nickel 

(sometimes platinum) catalyst. Steam reformation accounts for about 95 percent of 

hydrogen produced in the United States.3 

• STF: Solar-to-fuel. STF prefers to a series of technologies that split water into hydrogen 

and oxygen using solar energy. STF methods have close parallels with the process of 

photosynthesis and are sometimes referred to as “artificial photosynthesis.” 

• Zinc hydrolysis: The second step in the zinc-zinc oxide thermochemical water-splitting 

process for producing hydrogen where: 

1. Dissocation:  ZnO → Zn + ½ O2 

2. Hydrolysis:  Zn + H2O  → ZnO + H2 

In the first (endothermic) step, concentrated solar power is used in which zinc oxide is 

thermally dissociated at 1900° C (3450° F) into zinc and oxygen. In the second, non-solar 

(exothermic) step, zinc reacts with water at 427° C (801° F) to produce hydrogen and 

zinc oxide. 

 

BACKGROUND OF THE INVENTION 

Hydrogen is a valuable commodity with myriad current uses4 and a wide range of potential 

future uses. Hydrogen is the only fuel producing nothing but water as a combustion product and 

is widely considered as the most promising green energy carrier.5 In particular, hydrogen-

powered fuel cell electric vehicles (FCEVs) could be an important step in reducing air pollution 

and carbon emissions because FCEVs emit clean exhaust. However, widespread deployment of 

                                                           
3 Hydrogen Production: Natural Gas Reforming, Washington, D.C.: Fuel Cell Technologies Office, United 

States Department of Energy, https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming 
(accessed 22 July 2019). 

4 About half of the 57 million metric tons of hydrogen produced annually worldwide is used in the Haber-Bosch 
process to produce ammonia (NH3), which is then used directly or indirectly as a fertilizer. Most of the other half is 
used to convert heavy petroleum resources into lighter fractions suitable for use as fuel. Hydrogen is also used in the 
aerospace, mining, paint, pharmaceutical, and food & beverage industries. 

5 W. McDowall and M. Eames, “Forecasts, scenarios, visions, backcasts, and roadmaps to the hydrogen 
economy: a review of the hydrogen-futures literature,” 34 Energy Policy, 1236-1250 (2004), 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.114.1013&rep=rep1&type=pdf.  

https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.114.1013&rep=rep1&type=pdf
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FCEVs is predicated upon development of the so-called “hydrogen highway” – a chain of 

hydrogen-equipped filling stations and other hydrogen infrastructure along a road or highway 

that would allow FCEVs to travel as easily and as far as their gasoline-powered counterparts. 

 

Unfortunately, the hydrogen highway has been slow to develop. Statistics from the U.S. 

Department of Energy (“DOE”) show that there are only 46 hydrogen filling stations in the entire 

United States.6 Forty-one of these stations are located in California, primarily in the Los Angeles 

and San Francisco metropolitan areas, essentially making FCEVs impractical for anything other 

than local commuting. The growth of hydrogen fueling stations – and, by extension, the 

hydrogen highway – has been stunted by a number of factors, including: 

1. High cost of hydrogen at the pump. The DOE has set an ultimate cost-at-pump target 

under $4/kg for hydrogen, or roughly $2.50 per gallon-of-gas equivalent (“GGE”).7 

According to the California Fuel Cell Energy Partnership, the current price of hydrogen is 

$14/kg, or about $5.60/GGE. In order to shield early FCEV adopters from these high 

prices, automakers have been forced to include three years of hydrogen fuel with their 

initial sales.8 

2. Transportation and distribution issues. Hydrogen fueling stations have three primary 

methods by which they can receive fuel: (i) delivered gaseous hydrogen; (ii) delivered 

liquid hydrogen; and (iii) on-site hydrogen generation, either through steam reformation 

or electrolysis. On-site generation has thus far proven to be problematic from a cost 

standpoint. Production costs for on-site steam reformation are estimated at $9.29/kg 

($5.92 for production and $3.37 for compression and storage).9 As discussed below, 

steam reformation also carries severe environmental impacts. Conventional electrolysis 

demands massive amounts of electricity (53.44 kWh/kg) from the grid, rendering it 

impractical outside of a research and development setting. Indeed, only 16 percent of the 
                                                           

6 Alternative Fueling Station Counts by State, Washington, D.C.: Alternative Fuels Data Center, United States 
Department of Energy, http://www.afdc.energy.gov/fuels/stations_counts.html (accessed 22 July 2019). 

7 S. Satyapal, Hydrogen and Fuel Cell Program Overview, Washington, D.C.: Fuel Cell Technologies Office, 
United States Department of Energy, 2019 Annual Merit Review, p.27, 
https://www.hydrogen.energy.gov/pdfs/review19/plenary_overview_satyapal_2019.pdf.  

8 Automakers include three years of hydrogen fuel with the sale or lease of a vehicle, Sacramento, CA: 
California Fuel Cell Partnership, https://cafcp.org/content/cost-refill (accessed 22 July 2019).  

9 Onsite Hydrogen Production, Sacramento, CA: CHA Corporation, 
http://www.chacorporation.com/base/hydrogen-production/ (accessed 23 July 2019). 

http://www.afdc.energy.gov/fuels/stations_counts.html
https://www.hydrogen.energy.gov/pdfs/review19/plenary_overview_satyapal_2019.pdf
https://cafcp.org/content/cost-refill
http://www.chacorporation.com/base/hydrogen-production/
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hydrogen fueling stations in California use on-site electrolysis – a clear indication that 

conventional electrolytic technology will require modification if it is to be implemented 

successfully.10  

 

Most hydrogen is produced from a central plant and then transported from the point of 

production to the point of use via pipeline, cryogenic liquid tanker trucks, gaseous tube 

trailers, and sometimes by rail or barge. Production and transportation costs of delivered 

hydrogen are even higher than on-site electrolysis or steam reformation – estimated to 

range from $11.00-$17.50/kg, depending on quantity and delivery distance.11 These costs 

are impractical for small hydrogen filling stations as they would render the cost-at-pump 

untenable for most consumers. 

 

In addition to cost issues, the DOE notes that existing infrastructure is not sufficient to 

support widespread consumer adoption of delivered hydrogen as a fuel source.12 For 

example, the United States has only 1,600 miles of hydrogen pipeline in operation. These 

pipelines are owned exclusively by commercial hydrogen producers and are only 

available where large hydrogen users (such as petroleum refineries and chemical plants) 

are located.13 Moreover, U.S. Department of Transportation regulations limit tube trailers 

to pressures of 250 bar, and weight limitations for on-road vehicles result in a limited 

carrying capacity of approximately 280 kg due to the heavy weight of the steel tubes.14  

  

                                                           
10 California Energy Commission and California Air Resources Board, Joint Agency Staff Report on Assembly 

Bill 8: Assessment of Time and Cost Needed to Attain 100 Hydrogen Refueling Stations in California, Sacramento, 
CA: California Energy Commission, p. 38 (2015), https://ww2.energy.ca.gov/2015publications/CEC-600-2015-
016/CEC-600-2015-016.pdf  

11 Onsite Hydrogen Production, Sacramento, CA: CHA Corporation, 
http://www.chacorporation.com/base/hydrogen-production/ (accessed 23 July 2019). 

12 Hydrogen Delivery, Washington, D.C.: Fuel Cell Technologies Office, United States Department of Energy, 
https://www.energy.gov/eere/fuelcells/hydrogen-delivery (accessed 22 July 2019). 

13 Hydrogen Pipelines, Washington, D.C.: Fuel Cell Technologies Office, United States Department of Energy, 
https://www.energy.gov/eere/fuelcells/hydrogen-pipelines (accessed 22 July 2019). 

14 Hydrogen Tube Trailers, Washington, D.C.: Fuel Cell Technologies Office, United States Department of 
Energy, https://www.energy.gov/eere/fuelcells/hydrogen-tube-trailers (accessed July 22, 2019). Recently, composite 
storage vessels have been developed that can deliver 560–720 kg of hydrogen per trailer and are within DOT’s 
height, width, and weight requirements. Such tube trailers are currently being used to deliver compressed natural gas 
in other countries. 

https://ww2.energy.ca.gov/2015publications/CEC-600-2015-016/CEC-600-2015-016.pdf
https://ww2.energy.ca.gov/2015publications/CEC-600-2015-016/CEC-600-2015-016.pdf
http://www.chacorporation.com/base/hydrogen-production/
https://www.energy.gov/eere/fuelcells/hydrogen-delivery
https://www.energy.gov/eere/fuelcells/hydrogen-pipelines
https://www.energy.gov/eere/fuelcells/hydrogen-tube-trailers
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3. High cost of building hydrogen refueling stations. According to the California Energy 

Commission, the cost of constructing a hydrogen fueling station in California ranges 

from $2.1 million for a station with 180 kg/day capacity to more than $3 million for a 

station with 350 kg/day capacity.15 These costs are due primarily to the low production 

volumes of specialized equipment required for the high-pressure, temperature-controlled 

standards for passenger car fueling. At present, government incentives are needed for 70 

percent to 85 percent of the capital equipment costs for new hydrogen refueling stations, 

as well as ongoing subsidies for operations and maintenance costs. 

 

4. Issues in production. The method used to produce hydrogen also impacts development 

of the hydrogen highway. Hydrogen is the simplest and most abundant element on earth, 

making up roughly three-quarters of the mass of the known universe. 16 Despite its 

abundance, hydrogen rarely exists by itself in nature; there are no known “hydrogen 

deposits” per se. Before hydrogen can be used, it must be separated from the compound 

that contains it, typically water.17 

 

As a fuel, hydrogen is nearly three times more efficient than fossil fuels and its only 

“emission” is potable water. Although hydrogen itself is clean, most of the traditional 

methods of producing it are not. Hydrogen is not an energy source, but is an energy 

vector or carrier. This means that it has to be produced from one of the three primary 

energy sources: fossil fuels, nuclear power, or renewable resources.  

About 95 percent of the hydrogen produced in the United States is made through a 

thermochemical process known as steam reformation (also called “steam methane 

reforming”).18 In this process, methane reacts with steam under pressure in the presence 

                                                           
15 California Energy Commission and California Air Resources Board, Joint Agency Staff Report on Assembly 

Bill 8: Assessment of Time and Cost Needed to Attain 100 Hydrogen Refueling Stations in California, Sacramento, 
CA: California Energy Commission, p. 4 (2015), https://ww2.energy.ca.gov/2015publications/CEC-600-2015-
016/CEC-600-2015-016.pdf  

16 Periodic Table of the Elements, Los Alamos, NM: Los Alamos National Laboratory, 
http://periodic.lanl.gov/1.shtml (accessed 22 July 2019). 

17 Hydrogen Explained: Production of Hydrogen, Washington, D.C.: U.S. Energy Information Administration, 
https://www.eia.gov/energyexplained/index.cfm?page=hydrogen_production (accessed 22 July 2019) 

18 Hydrogen Production: Natural Gas Reforming, Washington, D.C.: Fuel Cell Technologies Office, United 
States Department of Energy, https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming 
(accessed 22 July 2019). 

https://ww2.energy.ca.gov/2015publications/CEC-600-2015-016/CEC-600-2015-016.pdf
https://ww2.energy.ca.gov/2015publications/CEC-600-2015-016/CEC-600-2015-016.pdf
http://periodic.lanl.gov/1.shtml
https://www.eia.gov/energyexplained/index.cfm?page=hydrogen_production
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
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of a nickel or platinum catalyst to produce hydrogen. The process is highly endothermic, 

requiring about 35 kWh/kg of hydrogen.  

 

As previously noted, the on-site production cost of hydrogen by steam reformation is 

estimated at $9.29/kg. Although research suggests that between 71 percent and 92 percent 

of the carbon in steam reformation can be captured,19 the fact remains that a single ton 

of hydrogen produced by steam reformation yields 10 or more tons of carbon 

dioxide, carbon monoxide, and other noxious pollutants, which must sooner or later 

be disposed of.20 Moreover, hydrogen produced by steam reformation requires 3.5 units 

of energy for every unit of hydrogen produced, a highly inefficient process.21 This is why 

thermochemical methods of hydrogen production create what is often referred to as 

“brown” hydrogen, i.e., hydrogen produced by nonrenewable energy sources.22 As long 

as the vast majority of the hydrogen produced globally is generated from fossil fuels at 

centralized facilities,23 the benefits of hydrogen fuel for the environment will be offset by 

the environmentally negative effects of production and the economic costs of distribution. 

Pregger, et al. succinctly describe this problem when they state, “Widespread use of 

hydrogen as a fuel is reasonable only if renewable energy sources are used for hydrogen 

production.”24 

 

In order to solve these problems and make development of the hydrogen highway feasible, a 

different approach to hydrogen production is needed – a method that is simultaneously: 

1. Closed-circuit (zero or near-zero carbon footprint); 

                                                           
19 J. Ruether, et al., Life-Cycle Analysis of Greenhouse Gas Emissions for Hydrogen Fuel Production in the 

United States from LNG and Coal, Washington, D.C.: National Energy Technology Laboratory, United States 
Department of Energy (2005), http://www.fraw.org.uk/library/pages/netl2005.shtml. 

20 G. Collodi, “Hydrogen production via steam reforming with CO2 capture,” 19 Chemical Engineering 
Transactions, 37-42 (2009), https://pdfs.semanticscholar.org/4bce/0493c6937d4a8e5a844e75e51d5471182a04.pdf. 

21 M. Hordeski, Megatrends for Energy Efficiency and Renewable Energy. Lilburn, GA: Fairmont Press (2010). 
22 Hydrogen economy, Wikipedia, https://en.wikipedia.org/wiki/Hydrogen_economy (accessed 22 July 2019). 
23 Hydrogen Basics – Production, Orlando, FL: Florida Solar Energy Center, University of Central Florida, 

http://www.fsec.ucf.edu/en/consumer/hydrogen/basics/production.htm (accessed 22 July 2019). 
24 T. Pregger, D. Graf, W. Krewitt, C. Sattler, M. Roeb, and S. Möller, “Prospects of solar thermal hydrogen 

production processes,” 34 International Journal of Hydrogen Energy, 42-56 (2009), 
https://www.academia.edu/attachments/46332625/download_file?st=MTU2NDEwNjYzNCwxNzQuMjcuODkuOT
QsNzk1Nzk1NjQ%3D&s=swp-toolbar   

http://www.fraw.org.uk/library/pages/netl2005.shtml
https://pdfs.semanticscholar.org/4bce/0493c6937d4a8e5a844e75e51d5471182a04.pdf
https://en.wikipedia.org/wiki/Hydrogen_economy
http://www.fsec.ucf.edu/en/consumer/hydrogen/basics/production.htm
https://www.academia.edu/attachments/46332625/download_file?st=MTU2NDEwNjYzNCwxNzQuMjcuODkuOTQsNzk1Nzk1NjQ%3D&s=swp-toolbar
https://www.academia.edu/attachments/46332625/download_file?st=MTU2NDEwNjYzNCwxNzQuMjcuODkuOTQsNzk1Nzk1NjQ%3D&s=swp-toolbar
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2. Green (using only renewable resources); 

3. Self-sustaining (recycling as many resources as possible as many times as possible); 

4. Efficient; 

5. Cost-effective (meeting or beating the DOE’s target price at the pump) 

6. Scalable to a wide variety of on-site production requirements, whether it be for a large 

petroleum refinery or a single hydrogen filling station. 

 

DESCRIPTION OF THE INVENTION 
Before the Invention is described in greater detail, it should be noted that this disclosure includes, but is 

not limited to, the particular embodiments described. The terminology used herein is for the purpose of 

describing particular embodiments only and is not intended to be limiting. Although particular 

embodiments are described, those embodiments are only exemplary implementations of the system and 

method. One skilled in the art will recognize that other embodiments are possible. All such embodiments 

are intended to fall within the scope of this disclosure. 

 

The Invention comprises a novel and scalable approach to on-site hydrolytic production, 

distribution, and storage of green hydrogen with a near-zero carbon footprint. While the 

laboratory science of hydrolysis (sometimes referred to as “water splitting”) has been known 

since the early 19th century,25 to date there has been very little commercial production of 

hydrogen and zinc oxide by hydrolysis. 

 

While solar energy can be used to create hydrogen in a variety of methodologies (e.g., methane 

reforming, thermochemical cycles, water electrolysis, solar methane cracking), the “greenest” 

method is hydrolysis. Hydrolysis splits water into hydrogen and oxygen by using solar energy 

and a catalyst at extremely high temperatures, and is one of several methods commonly known 

as Solar-to-Fuel (“STF”) technology. In particular, the literature notes that reduction of zinc 

oxide with a carbonaceous material, using concentrated solar radiation as the energy 

source, is a promising concept for creating hydrogen by splitting water with zinc.26 When 

                                                           
25 R. de Levie, “The electrolysis of water,” 476 Journal of Electroanalytical Chemistry, 92 (1999), 

http://ecaaser3.ecaa.ntu.edu.tw/weifang/eBook/electrolysis/The%20electrolysis%20of%20water.pdf  
26 A. Berman and M. Epstein, “The kinetics of hydrogen in the oxidation of liquid zinc with water vapor” 25 

International Journal of Hydrogen Energy, 957-967 (2000). 

http://ecaaser3.ecaa.ntu.edu.tw/weifang/eBook/electrolysis/The%20electrolysis%20of%20water.pdf
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zinc is used as the catalyst, zinc oxide is formed, which can be reprocessed to zinc powder, 

creating a cyclical process. 

 

The Invention is based partly on the work previously disclosed in that certain Provisional Patent 

Application filed by James Hawley on May 17, 2019 (See Appendix A).27 That disclosure 

describes the specifics for the hydrolytic production of hydrogen in detail. The present Invention 

incorporates that technology into a “cyclical” system of on-site hydrogen production, 

distribution, storage, and reprocessing, which can be expressed as: 

 

[Dissocation]  ZnO → Zn + ½ O2 → [Hydrolysis] Zn + H2O → ZnO + H2  

 

The Invention is essentially an STF method for producing, distributing, and storing hydrogen at 

the point of use, as opposed to delivery by pipeline or surface transportation. The Invention 

consists of a system of devices that capture solar energy in situ, without the intermediacy and 

immense cost of electricity required by other production methods, such as electrolysis.28 STF 

technology has been described in the literature as an “active area of basic research with potential 

to lead to disruptive future technologies.”29 

 

The Invention overcomes space and power limitations by dividing the zinc oxide reduction cycle 

into two distinct phases. The first phase uses portable hydrolysis reactors (Fig. 1) for the 

hydrolytic production of hydrogen on site. The second phase uses regional facilities in proximity 

to the on-site hydrolysis reactors for dissociating zinc oxide (the byproduct of zinc hydrolysis) to 

zinc powder. The zinc powder can then be reused in multiple hydrolytic production cycles 

 

                                                           
27 J. Hawley, Method for Producing Hydrogen Fuel, Zinc Powder, Zinc Oxide, Polymetallic Matte Bullion, and 

Potable Water from Zinc Ore, Provisional Patent Application filed in the United States Patent and Trademark Office 
on May 17, 2019. 

28 Grid electricity is not the ideal source of energy for electrolysis because most of the electricity is generated 
using technologies that result in greenhouse gas emissions and are energy intensive. Around 8GW of electrolysis 
capacity is installed worldwide, accounting for only about 4 percent of global hydrogen production. See S. Kumar 
and V. Himabindu, “Hydrogen production by PEM water electrolysis – A review,” 2 Materials Science for Energy 
Technologies 442-454 (2019), https://www.sciencedirect.com/science/article/pii/S2589299119300035.  

29 The Royal Society, Options for producing low-carbon hydrogen at scale. London: The Royal Society (2018). 
https://royalsociety.org/-/media/policy/projects/hydrogen-production/energy-briefing-green-hydrogen.pdf. 

https://www.sciencedirect.com/science/article/pii/S2589299119300035
https://royalsociety.org/-/media/policy/projects/hydrogen-production/energy-briefing-green-hydrogen.pdf


Hawley, Solar-hydrolytic method for on-site production of hydrogen fuel Page 11 

Hydrogen costs about $19 per kilogram delivered. The cost is due primarily to Department of 

Transportation weight limitations for hauling hydrogen on US highways (768Kg). The estimated 

cost per ton-mile for hydrogen delivery is $9.65. Using the invention’s zinc hydrolysis reactors 

for on-site hydrogen production reduces hydrogen delivery cost to about $0.42 per ton-mile by 

legally transporting up to 20 tons of zinc powder for producing green hydrogen at point-of-use 

dispensaries. 

 

DESCRIPTION OF THE DRAWINGS  

Figure 1 depicts portable hydrolysis reactors for the hydrolytic production of hydrogen on site. 

The zinc oxide by product from the point-of-use hydrolysis reactors is transported to regional 

dissociation facilities for reduction of the zinc oxide by-product to elemental zinc powder. The 

zinc powder is returned to the point-of-use hydrolysis reactors to produce more on-site green 

hydrogen. 

 

Figure 2 depicts the preferred layout for a regional dissociation center. 

 

Figure 3 solar powered hydrogen vacuum furnaces for the dissociation of zinc oxide to elemental 

zinc powder for repeating hydrogen production by zinc hydrolysis at local dispensaries. 

 

Figure 4 depicts an example of a regional dissociation center for hydrogen delivery in southern 

California and southwest Arizona. Each dissociation facility must be located in a place where 

solar or wind power is readily available. Point-of-use installation should be within 300 to 500 

miles from a regional dissociation facility.  

 

Figure 5 depicts the entire hydrogen production cycle using the Blackstone Method, including 

processes at the Blackstone Mine property and at the point of use. 

 

CLAIMS 

What is claimed is: 

1. An environmentally safe, closed-circuit method for processing zinc ores into hydrogen 

fuel, zinc oxide, zinc powder, and potable water substantially as shown and described. 
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2. Instrumentation necessary for on-site hydrolytic production, distribution, and storage of 

green hydrogen with a near-zero carbon footprint. 

 

ABSTRACT 

An invention is described that creates a carbon-neutral, solar-hydrolytic method for producing, 

distributing, and storing hydrogen fuel, zinc powder, and zinc oxide at or near the point of use, 

eliminating the emission of greenhouse gases and greatly reducing the costs associated with 

current methods of hydrogen production, transportation, and storage. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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APPENDIX A 

Provisional Patent Application of James H. Hawley, III 

Filed May 17, 2019 

 

TITLE: Method for Producing Hydrogen Fuel, Zinc Powder, Zinc Oxide, Polymetallic Matte 

Bullion, and Potable Water from Zinc Ore 

CROSS-REFERENCE TO RELATED RESEARCH: None  

FEDERALLY SPONSORED RESEARCH: None  

SEQUENCE LISTING: None 

 

BACKGROUND OF THE INVENTION 

This invention relates to the processing of zinc-rich ores, specifically for purposes of creating 

hydrogen fuel, zinc oxide, zinc powder, polymetallic matte bullion, and potable water. The 

invention arose from the inventor’s 40 years of experience in developing the Blackstone Mine 

(“Blackstone”) in Elmore County, Idaho, approximately 80 miles southeast of Boise. 

 

The Blackstone ore body is particularly rich in zinc. Depending on the level of refinement, zinc 

has a number of important industrial and pharmaceutical uses. In industry, zinc is most 

commonly used as an anti-corrosion agent in the galvanization of other metals (Green and 

Earnshaw, 1203). A widely used alloy that contains zinc is brass, in which copper is alloyed with 

anywhere from 3 percent to 45 percent zinc, depending upon the type of brass. (Lehto, 829). 

Besenhard notes that zinc is frequently employed as an anode material for batteries. Zinc oxide 

compounds are often used as a white pigment in paints and as a catalyst in the manufacturing of 

rubber (Emsley, 503). 

 

Zinc is also considered to be an essential mineral for the maintenance of public health 

(Hambidge and Krebs, 1101–5). It is included in most single tablet over-the-counter daily 

vitamin and mineral supplements (DiSilvestro, 135, 155). Pharmaceutical preparations include 

zinc oxide, zinc acetate, and zinc gluconate. Zinc is believed to possess antioxidant properties, 

which may protect against accelerated aging of the skin and muscles of the body. It helps speed 

up the healing process after an injury (Milbury and Richer, 99) and is suspected of being 
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beneficial to the body’s immune system (Keen and Gershwin, 415–31). Zinc deficiency has been 

linked to major depressive disorders (Swardfager et al., 911-29). 

Although zinc is the 24th most abundant element in the earth’s crust, recent research suggests 

that known zinc reserves – at least those that can be mined profitably at current prices – may 

soon be exhausted, particularly given the recent closure of several major zinc mines (Shumsky, 

par. 1; Troen, par. 10). Zinc output lagged consumption by 296,000 tons in 2014, according to 

the International Lead and Zinc Study Group (de Sousa and Clarke, par. 7). This research 

suggests that either new zinc reserves must be discovered or the price of zinc must increase 

significantly to offset the cost of mining currently known, but less accessible, reserves. 

 

PRIOR ART 

The technology for recovering zinc from waste and recycled materials has been known since at 

least 1888. For example, the Waelz process is a method of recovering zinc and other relatively 

low boiling point metals from EAF flue dust and other materials using a rotary kiln (Harris, 702- 

720). The process consists of treating zinc-containing material (in which zinc can be in the form 

of zinc oxide, zinc silicate, zinc ferrite, or zinc sulphide) together with a carbon-containing 

reductant/fuel within a rotary kiln at 1000° C to 1500° C. The kiln feed containing zinc “waste,” 

along with the fluxes and reductant (coke), are typically pelletized before being added to the kiln. 

The chemical process involves the reduction of zinc compounds to elemental zinc (boiling point 

907° C) which volatilizes, oxidizing in the vapor phase to zinc oxide. The zinc oxide is collected 

from the kiln outlet exhaust by filters or electrostatic precipitators and settling chambers. 

 

In the indirect process, metallic zinc is melted in a graphite crucible and vaporized at 

temperatures above 907° C. Zinc vapor reacts with the oxygen in the air to produce zinc oxide, 

accompanied by a drop in its temperature and bright luminescence. Zinc oxide particles are 

transported into a cooling duct and collected in a baghouse. This method was popularized in 

1844 by French painter E.C. LeClaire and is commonly known as the French process (Holley, 

153). Its product normally consists of agglomerated zinc oxide particles with an average size of 

0.1 to a few micrometers. Measured by weight, most of the world's zinc oxide is manufactured 

via the French process. 
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More recently, University of Delaware researchers tested a solar reactor they developed to 

produce hydrogen from sunlight (Roberts, par. 1). Eight weeks of sophisticated testing at 

temperatures up to 1200° C revealed that the reactor’s mechanical, electrical, and thermal 

systems worked as predicted. The researchers were even able to collect small amounts of the 

stored solar energy in a vial, despite operating below critical reaction temperatures. The reactor 

is designed to accommodate a two-step water-splitting process to generate hydrogen renewably 

from sunlight. The reactor, which is closed to the atmosphere, uses gravity to feed zinc oxide 

powder (the reactant) into the system through hoppers that dispense the powder onto a ceramic 

surface. There it undergoes a thermochemical reaction upon exposure to highly concentrated 

sunlight within the reaction cavity, producing solar fuel. 

 

A research team from the University of Colorado incorporated desalination into microbial fuel 

cells, a new technology that can treat wastewater and produce electricity simultaneously (Luo, 

Jenkins, and Wren, 340-344). They were able produce hydrogen gas, which is collectable and 

storable, thus making improvements in the technology, although the practicality of their process 

remains in question. 

 

Stanford University scientists have created an advanced zinc-air battery with higher catalytic 

activity and durability than similar batteries made with platinum and other costly catalysts (Li, 

1805; Shwartz, par. 1). The researchers believe their discovery could lead to the development of 

a low-cost alternative to conventional lithium-ion technology. 

 

Two pyrometallurgical processes have been designed and developed for the treatment of zinc-

containing wastes: 

1. High-temperature submerged plasma zinc fuming process; and 

2. Reductive roast followed by oxidative ISASMELT process (Versheure, 237-251).  

Continuous operation of these processes has been demonstrated on a pilot scale. It has been 

shown that high zinc-fuming rates can be obtained while retaining vessel integrity through the 

formation of a stable freeze lining. A mathematical process model using FactSage and ChemApp 
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thermodynamic software has been developed, which simultaneously describes chemical, thermal, 

and heat transfer outcomes of these processes. 

 

The chemistry of producing hydrogen through the dissociation of zinc oxide is also well known. 

In 2005, a team of scientists at the Weitzman Institute in Israel introduced an energy self-

sufficient hydrogen-production process by dissociating zinc oxide with a solar reactor to produce 

zinc powder (Piquepaille, par. 8). The powder was mixed with 350˚ C water to produce 

hydrogen, reprecipitate the zinc oxide for further dissociation, and then reused to produce more 

hydrogen. Promising as this research was, the project did not address the production of the zinc 

oxide catalyst used to make the zinc powder, nor did it address the energy required to create the 

compound. 

 

In contrast, the invention begins at the source through the vaporization of zinc ore. The invention 

is an end-to-end process designed for the production of hydrogen fuel, zinc oxide, zinc powder, 

matte bullion (copper, silver, lead, and gold), and potable water from ore containing sufficient 

amounts of zinc to allow self-sustaining hydrogen production. Ore containing 3 percent zinc (60 

lbs/ton) is sufficient for the invention to generate a self-sustaining hydrolysis reaction. 

 

Hydrogen fuel produced from the reaction is used to power a high-temperature reactor for 

dissociating zinc oxide into zinc powder, which can then be used to make additional hydrogen by 

repeating the hydrolysis reaction multiple times from the initial charge of zinc ore. Zinc powder 

is easier to handle and can be safely transported to power plants and fuel depots where hydrogen 

fuel could be easily generated on-site using zinc hydrolysis. Instead of coal- or gas-fired power 

plants, zinc powder can be a far more efficient, inexpensive, and environmentally friendly energy 

source. 

 

Insofar as I am aware, there is no truly self-powered processing circuit for the production of zinc 

powder directly from zinc ore. I believe the invention overcomes this obstacle by creating a 

sustainable hydrogen-production process that requires no fuel sources beyond the hydrogen 

produced from the ore itself. With fewer than 40 hydrogen fuel stations in the United States, the 

widespread use of hydrogen-powered vehicles has been stunted. Zinc powder offers a viable 
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method for hydrogen production at the point-of-use, ultimately clearing the way for widespread 

distribution of hydrogen fuel and an excellent alternative to burning fossil fuel. In the not-too-

distant future, drums of zinc powder could become the replacement for barrels of oil. 

 

SUMMARY 

The invention seeks to replace the use of fossil fuels expended in previous production methods 

of hydrogen gas; instead, relying on water electrolysis and thermochemical reactions using 

metallic oxides and powders. Conventional electrolytic production of hydrogen requires 

4.5 times more energy than is produced from the hydrogen generated, making the process self- 

defeating as an energy-neutral method. The advantages to the invention include, but are not 

necessarily limited to: 

1. Economical hydrogen production 

2. Energy self-sufficiency 

3. Zero environmental emissions 

4. Clean energy 

5. Fewer greenhouse gasses 

6. Reduced carbon footprint 

7. On-site portable hydrogen production 

8. Wider hydrogen distribution channel 

9. Advancing the use of electrical vehicles 

10. Viable alternative to fossil fuels 

11. Alternative fuel for electrical generation 

12. Alternative power for desalination 

13. Potable water production 

14. Solar power storage 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the entire self-sustaining ore processing circuit for creating hydrogen fuel, zinc 

oxide, zinc powder, and a polymetallic matte consisting of copper, silver, and gold. Figure 2 

details the crushing, grinding, and screening circuit more broadly referenced in Figure 1. 

 

DETAILED DESCRIPTION AND OPERATION 

An ore-processing circuit is provided in which raw ore (1.1) Finely ground zinc ore (-200 mesh) 

is roasted at a temperature at or above 400° C in a closed-circuit rotary kiln to remove the sulfur 

content of the ore feed.(1.5). Three-phase electrical current for the kiln is provided by a 

hydrogen-powered internal combustion engine (ICE) coupled to an electrical generator operating 

at 3600 rpm (1.4). A 35 Kw solar panel array and electrical converter act as a backup power 

supply for the kiln in the event power from the ICE generator is unavailable. 

  

The dry ground roasted ore is conveyed to an electric kiln (1.5). After the ore is fired at a 

temperature of about 1000° C for approximately two to three hours, the zinc content in the ore 

vaporizes and the vapor stream vents to a hydrolysis reactor and zinc oxide filtering vessel (1.8) 

where water (1.6) is introduced into the vapor stream to strip the H2 molecule from the water, 

producing hydrogen gas and precipitating zinc oxide from the vapor stream (1.9). Firing 

continues at 1200° C to 1300° C, where metallic copper, silver, and gold collect at the base of the 

kiln, the impurities collect in a borax glass slag layer floating on top of the metals. The metals 

and slag are tapped from the base of the kiln into a matte bullion containing copper, silver, lead, 

and gold (1.11). The zinc oxide is pneumatically removed from the filter cartridges in the 

hydrolysis reactor to an automated packaging system for distribution to market or retained for 

production of zinc powder in a solar/hydrogen powered zinc oxide dissociation reactor (1.10) the 

polymetallic matte bullion produced in the second temperature phase is shipped to a refiner for 

final separation. 

 

The entire processing circuit is self-sustaining insofar as hydrogen fuel is carried from the 

hydrogen reactor and zinc oxide filtering vessel (1.8) to a hydrogen-powered generator (1.4). 

Excess hydrogen fuel is sent to storage tanks (1.13) for later use in the processing circuit. Water 
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from the hydrogen/zinc oxide reaction (1.12) can be reused in the hydrogen reactor (1.8) or used 

as potable water. 

 

The entire zinc-to-hydrogen and zinc oxide processing circuit uses no fossil fuels, relying solely 

on the hydrogen produced during the processing cycle and solar energy. 

 

Figure 2 details the crushing, grinding, roasting, and screening process broadly referenced in 

Figure 1 (1.2). Ore is analyzed for zinc content using handheld X-ray fluorescence (2.2). Ore 

containing at least 60 pounds per ton of zinc (3 percent) is sent to a jaw crusher (2.3) where it is 

crushed to -3/4-inch and conveyed to a pulverizer where it is ground to -200 mesh. A circular 

vibrating screen (2.4) removes oversized ore, and returns it (2.5) to the pulverizer for regrinding 

(2.6). Properly sized ore is then conveyed (2.7) to a rotary kiln for roasting and the electric kiln 

for the first-stage firing (1000° C) and zinc vaporization (also known as “zinc fuming”). The 

vapor stream vents to a hydrogen reactor and zinc oxide filtration system (commonly known as a 

baghouse) where the introduction of water liberates hydrogen gas by stripping the hydrogen 

molecule from the water. Zinc oxide precipitates as a non-toxic white powder as the zinc vapor 

stream cools. 

 

Following the zinc/hydrogen/water reaction (2.8), borax glass and sodium carbonate (soda ash) 

are added to the residual ore (calcine) from an overhead mixer. With the addition of the reagents 

to the calcine, the kiln temperature is raised to between 1200° C to 1300° C (second-stage 

firing). Fluxes absorb the impurities into a liquid slag layer that forms on the top of the molten 

copper, silver, lead, and gold. The metals are poured into molds as a polymetallic matte and 

further refined into pure metals at a third-party refinery (2.14), while the borax slag is reused or 

recycled. 

 

The invention is designed to create a self-perpetuating energy cycle for the production of 

hydrogen, zinc oxide, and zinc powder with near-zero atmospheric emissions. The invention uses 

no fossil fuel in its processing cycles. Standby solar energy and excess hydrogen from previous 

hydrolysis cycles are utilized only if the zinc content in the ore falls below the minimum 3 

percent requirement needed for self-sufficient production of hydrogen fuel. With regard to 
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standby solar energy, the invention includes a method for the storage of solar energy in zinc 

oxide coatings on the collector panels and zinc powder/silver storage batteries. 

 

The invention includes proprietary designs for a graphite-lined electric kiln to tap molten metals 

from its base and boil off zinc into a vapor-transport system connected to a hydrolysis reactor. 

The kiln has two controlled heating phases. The first phase takes place at or near 1000° C for 

vaporizing the zinc content in the ore; the second phase occurs at 1200° C  to 1300° C for 

reducing the remaining calcine into matte bullion (metal bars). 

 

The invention includes the design of a hydrolysis reactor and zinc oxide pneumatic filtering 

system for producing hydrogen and zinc oxide from the zinc vapor stream during the hydrolysis 

reaction. The vessel and filters are designed to capture and then pneumatically release zinc oxide 

from filter cartridges as the zinc oxide powder precipitates from the zinc vapor stream upon 

reacting with water. Zinc oxide is pneumatically conveyed to storage containers, zinc oxide 

dissociation reactor, or an automated packaging machine depending on the intended use of the 

zinc oxide. 

 

A portion of the hydrogen gas generated from the primary processing phase (zinc fuming) is 

used to operate electrical generators for powering the kilns, equipment and vehicles required to 

load, crush, screen, grind, and transport zinc ore into the invention’s ore processing circuit. 

  

The invention also includes a solar-powered rotary receiver/reactor for the solar thermal 

dissociation of zinc oxide, made of sintered zinc oxide tiles encasing a porous aluminum oxide 

and silicon dioxide insulation, reinforced by a ceramic composite lining designed to produce 

temperatures in excess of 1800° C for the production of zinc powder from zinc oxide. The 

reactor will accommodate biomass fuel or inert gas to lower the dissociation point of zinc oxide 

to elemental zinc from 1794° C to a projected low of 1300° C to 1500° C. 

 

The invention’s kiln, reactor, control valves, pumps, conveyors, reagent feeders, metering 

devices, and sensors are controlled by proprietary computer software authored by the inventor. 

The invention includes an additional design for a portable hydrogen gas-production circuit using 
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the zinc powder manufactured by the hydrolysis reactor from the primary invention described 

above. The zinc powder is mixed with superheated sea, waste or tap water at 350° C to produce 

on-site hydrogen for point-of-use hydrogen dispensaries, industrial fueling depots, power plants, 

desalination plants, and any other facility either capable or can be modified to operate on 

hydrogen as a fuel. 

 

While the zinc and superheated water process is a well-known prior-art chemical reaction for 

hydrogen gas production, the invention differentiates itself through its zinc fuming from zinc ore, 

zinc oxide dissociation, solar energy storage used in on-site production, and portability in the 

fossil fuel free production hydrogen (green hydrogen). The invention seeks to widen the 

distribution of hydrogen gas as a clean, environmentally friendly fuel for the reduction of fossil 

fuel use and hydrocarbon emissions. 

 

The foregoing invention has been described in accordance with relevant legal standards, thus the 

description is exemplary rather than limiting in nature. Variations and modifications to the 

disclosed embodiment may become apparent to those skilled in the art and fall within the scope of 

the invention. 

 

REFERENCE NUMERALS 

 

Figure 1 

1.1 Zinc ore 

1.2 Crush and grind 

1.3 Solar panel array 

1.4 Rotary kiln (≥400° C) to remove sulfur 

1.5 Hydrogen-powered generator 

1.6 Electric kiln 

1.7 Air/water injection 

1.8 Hydrogen/zinc oxide filter vessel 

1.9 Zinc vaporization process 

1.10 Zinc oxide production 
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1.11 Packaging and marketing 

1.12 Copper, silver, and gold matte production 

1.13 Potable water production 

1.14 Excess hydrogen fuel to storage 

 

Figure 2 

2.1 Zinc ore 

2.2 Grading ore for zinc content 

2.3 Crushing and grinding to ¼-inch gravel 

2.4 Circulatory vibrating screen 

2.5 Oversized return conveyor 

2.6 Pulverization of ore to -200 mesh 

2.7 Ore feed conveyor 

2.8 Ore/reagent mixer 

2.9 Kiln gantry hoist 

2.10 Rotary kiln (≥400° C) to remove sulfur 

2.11 Electric kiln 

2.12 Zinc oxide recovery filter 

2.13 Packaging and marketing 

2.14 Pouring copper, silver, and gold ores into metallic matte 

2.15 Shipment to third-party smelter for refining and certification 

 

CLAIMS 

What is claimed is: 

3. An environmentally safe, closed-circuit method for processing zinc ores into hydrogen 

fuel, zinc oxide, zinc powder, and potable water substantially as shown and described. 

4. A technology utilizing zinc oxide and zinc powder for improving the efficiency in photo- 

voltaic cells and panels. The technology consists of absorption coatings for solar 

receptors and the storage of solar energy. Unlike the use of such coating in miniature 

photovoltaic cells, as in experiments at the University of Arkansas, the claimant intends 
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to expand the coating technologies to large-scale solar collectors that will simultaneously 

store solar energy for later use. The claimant intends to expand the invention into a highly 

efficient, large-scale photovoltaic cells capable of storing significant amounts of reserve 

energy when sunlight is unavailable. 
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ABSTRACT 

An environmentally friendly closed circuit for processing zinc-rich ores into hydrogen fuel, zinc 

powder, zinc oxide, and potable water is described. The invention replaces the use of fossil fuels 

expended in current production methods of hydrogen gas; instead relying on water electrolysis 

and thermochemical reactions using metallic oxides and powders. Conventional electrolytic 

production of hydrogen requires 4.5 times more energy than is produced from the hydrogen 

generated; steam reformation requires three times as much energy. Both are self-defeating as 

energy-neutral methods. In the case of the steam reformation, each ton of hydrogen produced 

releases nine or more tons of carbon dioxide, carbon monoxide, and other noxious pollutants into 

the atmosphere, significantly contributing to climate change (Collodi and Wheeler, 37). 
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