
Hydrogen-generating Technology Closer Than Ever 

Science Daily — Researchers at Purdue University have further developed a 
technology that could represent a pollution-free energy source for a range of 
potential applications, from golf carts to submarines and cars to emergency 
portable generators. 

The technology produces 
hydrogen by adding water to an 
alloy of aluminum and gallium. 
When water is added to the alloy, 
the aluminum splits water by 
attracting oxygen, liberating 
hydrogen in the process. The 
Purdue researchers are 
developing a method to create 
particles of the alloy that could be 
placed in a tank to react with 
water and produce hydrogen on 
demand. 

The gallium is a critical component 
because it hinders the formation of 
an aluminum oxide skin normally 
created on aluminum's surface 
after bonding with oxygen, a 
process called oxidation. This skin 
usually acts as a barrier and 
prevents oxygen from reacting 
with aluminum. Reducing the 
skin's protective properties allows 
the reaction to continue until all of 
the aluminum is used to generate 
hydrogen, said Jerry Woodall, a 
distinguished professor of 
electrical and computer 
engineering at Purdue who 
invented the process. 

Since the technology was first 
announced in May, researchers 
have developed an improved form 
of the alloy that contains a higher 
concentration of aluminum. 

Recent findings are detailed in the 
first research paper about the 
work, which will be presented on 
Sept. 7 during the 2nd Energy 
Nanotechnology International 
Conference in Santa Clara, Calif. 
The paper was written by Woodall, 
Charles Allen and Jeffrey 
Ziebarth, both doctoral students in 
Purdue's School of Electrical and 
Computer Engineering. 

Because the technology could be 
used to generate hydrogen on 
demand, the method makes it 
unnecessary to store or transport 
hydrogen - two major obstacles in 
creating a hydrogen economy, 
Woodall said. 

The gallium component is inert, which means it can be recovered and reused. 

"This is especially important because of the currently much higher cost of gallium 
compared with aluminum," Woodall said. "Because gallium can be recovered, this makes 
the process economically viable and more attractive for large-scale use. Also, since the 
gallium can be of low purity, the cost of impure gallium is ultimately expected to be many 
times lower than the high-purity gallium used in the electronics industry." 

As the alloy reacts with water, the aluminum turns into aluminum oxide, also called 
alumina, which can be recycled back into aluminum. The recycled aluminum would be 
less expensive than mining the metal, making the technology more competitive with 
other forms of energy production, Woodall said. 

In recent research, the engineers rapidly cooled the molten alloy to make particles that 
were 28 percent aluminum by weight and 72 percent gallium by weight. The result was a 
"metastable solid alloy" that also readily reacted with water to form hydrogen, alumina 
and heat, Woodall said. 

Following up on that work, the researchers discovered that slowly cooling the molten 
alloy produced particles that contain 80 percent aluminum and 20 percent gallium. 
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Purdue researchers demonstrate their method for 
producing hydrogen by adding water to an alloy of 
aluminum and gallium. The hydrogen could then be 
used to run an internal combustion engine or a fuel 
cell. The reaction was discovered by Jerry Woodall, 
center, a distinguished professor of electrical and 
computer engineering. Charles Allen, holding test 
tube, and Jeffrey Ziebarth, both doctoral students in 
the School of Electrical and Computer Engineering, 
are working with Woodall to perfect the process. 
(Credit: Purdue News Service file photo/David 
Umberger)

46 cent per gal BioDiesel 
Non methanol BioFuel,No conversion Join 30,000+ 
who found a better way 
DieselSecret.com 

FuelCellStore 
The place to buy Fuel Cells Kits, Components, 
Equipment 
www.fuelcellstore.com 

Alternative Fuels 
Top 6 Sites For Alternative Fuel. Ranked and Ready 
to go. 
alternitivefuel.net 

Rising Gas Costs 
Convert Your Car to Burn Water 2 Hydrogen + 1 
Oxygen ebook $ 97 
www.water4gas.com 

The Next Oil Boom 
See who's pumping cash by making oil for $13.21. 
And selling for $59 
www.investmentu.com 

Ads by Google Advertise on this site

Print this page   |   Email to friend   |   Bookmark 

Science Video News 

  

  

  
Related News Sections 

Matter & Energy  
Earth & Climate  

Related News Topics 

Related Science Stories 
Penn Engineers Develop Fuel Cell That Uses 
Liquid Diesel, The First Such Device To Run On 
A Widely Available Fuel 
New Process Generates Hydrogen From 
Aluminum Alloy To Run Engines, Fuel Cells 
Danish Researchers Reveal New Hydrogen 
Storage Technology 
Hydrogen Breakthrough Could Open The Road 
To Carbon-free Cars 
UCLA Chemists Report New Method For 
Producing Carbon Nanoscrolls, An Alternative To 
Nanotubes  

Related Encyclopedia Articles 

Related Book Reviews 
Handbook of Petroleum Refining Processes 
A-Z of Quantitative PCR (IUL Biotechnology, No. 
5) (Iul Biotechnology Series) 
Space Mission Analysis and Design, 3rd edition 
(Space Technology Library) (Space Technology 
Library) 
Social Psychology 
Adventures from the Technology Underground : 
Catapults, Pulsejets, Rail Guns, Flamethrowers, 
Tesla Coils, Air Cannons, and the Garage 

Jump to: ... select topic: < prev | next >

Run Your Car On Water
A Simple, Affordable & Powerful Hydrogen Fuel For Your 
Vehicle!  
www.wam-a-bam.com
46 cent per gal BioDiesel
Non methanol BioFuel,No conversion Join 30,000+ who 
found a better way  
DieselSecret.com
Rising Gas Costs
Convert Your Car to Burn Water 2 Hydrogen + 1 Oxygen 
ebook $ 97  
www.water4gas.com
Hydrogen From Water Fuel
Make H2, Electrolysis or Chemicals 1 Hour Free Video - 
Download Now  
HydrogenFuelCellEnergySystem.com

Alternative Fuels  
Energy and the 
Environment  
Renewable Energy

 

Fuel Cells  
Nature of Water  
Water  

Chemical compound 
Metal 
Propellant 
Metallurgy 
Gallium

 

White gold 
Soil 
Stainless steel 
Catalytic converter 
Electricity generation  

Text: small | med | large 

Search Archives 

  

 

In Other News ... 
Kiwi cave explorer 
brought to surface 
(2 hours ago)  

Abu Ghraib trial ends 
in split verdict 
(2 hours ago)  

Curfew imposed after 
Karbala violence 
(2 hours ago)  

Suspect in six killings 
caught (2 hours ago)  

UPI Poll: Less 
confidence in U.S. 
leaders (3 hours ago)  

Yahoo asks for China 
suit dismissal 
(3 hours ago)  

Find:

Go > options

 

 
 

Host Your Own JobStream

JobStream Quick Search 

Keywords:

 e.g., registered nurse

Location:

 City, State or Zip

Job category:
- Select a Category -

Search

Detecting Deadly Chemicals 
Investigators on a crime scene 
can now use a new tool for 
collecting chemical or biological 
samples. The sampler gun 

collects samples on a cotton pad ... > watch video 

Health & Medicine Mind & Brain Plants & Animals Space & Time Earth & Climate Matter & Energy Computers & Math Fossils & Ruins

Latest News Browse Topics Encyclopedia Health Center Videos Science Books Careers 



"Particles made with this 80-20 alloy have good stability in dry air and react rapidly with 
water to form hydrogen," Woodall said. "This alloy is under intense investigation, and, in 
our opinion, it can be developed into a commercially viable material for splitting water." 

The technology has numerous potential applications. Because the method makes it 
possible to use hydrogen instead of gasoline to run internal combustion engines, it could 
be used for cars and trucks. Combusting hydrogen in an engine or using hydrogen to 
drive a fuel cell produces only water as waste. 

"It's a simple matter to convert ordinary internal combustion engines to run on hydrogen. 
All you have to do is replace the gasoline fuel injector with a hydrogen injector," Woodall 
said. 

The U.S. Department of Energy has set a goal of developing alternative fuels that 
possess a "hydrogen mass density" of 6 percent by the year 2010 and 9 percent by 
2015. The percent mass density of hydrogen is the mass of hydrogen contained in the 
fuel divided by the total mass of the fuel multiplied by 100. Assuming 50 percent of the 
water produced as waste is recovered and cycled back into the reaction, the new 80-20 
alloy has a hydrogen mass density greater than 6 percent, which meets the DOE's 2010 
goal. 

Aluminum is refined from the raw mineral bauxite, which also contains gallium. 
Producing aluminum from bauxite results in waste gallium. 

"This technology is feasible for commercial use," Woodall said. "The waste alumina can 
be recycled back into aluminum, and low-cost gallium is available as a waste product 
from companies that produce aluminum from the raw mineral bauxite. Enough aluminum 
exists in the United States to produce 100 trillion kilowatt hours of energy. That's enough 
energy to meet all the U.S. electric needs for 35 years. If impure gallium can be made for 
less than $10 a pound and used in an onboard system, there are enough known gallium 
reserves to run 1 billion cars." 

The researchers note in the paper that for the technology to be used to operate cars and 
trucks, a large-scale recycling program would be required to turn the alumina back into 
aluminum and to recover the gallium. 

"In the meantime, there are other promising potential markets, including lawn mowers 
and personal motor vehicles such as golf carts and wheelchairs," Woodall said. "The golf 
cart of the future, three or four years from now, will have an aluminum-gallium alloy. You 
will add water to generate hydrogen either for an internal combustion engine or to 
operate a fuel cell that recharges a battery. The battery will then power an electric motor 
to drive the golf cart." 

Another application that is rapidly being developed is for emergency portable generators 
that will use hydrogen to run a small internal combustion engine. The generators are 
likely to be on the market within a year, Woodall said. 

The technology also could make it possible to introduce a non-polluting way to idle diesel 
trucks. Truck drivers idle their engines to keep power flowing to appliances and the 
heating and air conditioning systems while they are making deliveries or parked, but 
such idling causes air pollution, which has prompted several states to restrict the 
practice. 

The new hydrogen technology could solve the truck-idling dilemma. 

"What we are proposing is that the truck would run on either hydrogen or diesel fuel," 
Woodall said. "While you are on the road you are using the diesel, but while the truck is 
idling, it's running on hydrogen." 

The new hydrogen technology also would be well-suited for submarines because it does 
not emit toxic fumes and could be used in confined spaces without harming crew 
members, Woodall said. 

"You could replace nuclear submarines with this technology," he said. 

Other types of boats, including pleasure craft, also could be equipped with such a 
technology. 

"One reason maritime applications are especially appealing is that you don't have to haul 
water," Woodall said. 

The Purdue researchers had thought that making the process competitive with 
conventional energy sources would require that the alumina be recycled back into 
aluminum using a dedicated infrastructure, such as a nuclear power plant or wind 
generators. However, the researchers now know that recycling the alumina would cost 
far less than they originally estimated, using standard processing already available. 

"Since standard industrial technology could be used to recycle our nearly pure alumina 
back to aluminum at 20 cents per pound, this technology would be competitive with 
gasoline," Woodall said. "Using aluminum, it would cost $70 at wholesale prices to take a 
350-mile trip with a mid-size car equipped with a standard internal combustion engine. 
That compares with $66 for gasoline at $3.30 per gallon. If we used a 50 percent efficient 
fuel cell, taking the same trip using aluminum would cost $28." 

The Purdue Research Foundation holds title to the primary patent, which has been filed 
with the U.S. Patent and Trademark Office and is pending. An Indiana startup company, 
AlGalCo LLC., has received a license for the exclusive right to commercialize the 
process. 

In 1967, while working as a researcher at IBM, Woodall discovered that liquid alloys of 
aluminum and gallium spontaneously produce hydrogen if mixed with water. The 
research, which focused on developing new semiconductors for computers and 
electronics, led to advances in optical-fiber communications and light-emitting diodes, 
making them practical for everything from DVD players to television remote controls and 
new types of lighting displays. That work also led to development of advanced transistors 
for cell phones and components in solar cells powering space modules like those used 
on the Mars rover, earning Woodall the 2001 National Medal of Technology from 
President George W. Bush. 

Also while at IBM, Woodall and research engineer Jerome Cuomo were issued a U.S. 
patent in 1982 for a "solid state, renewable energy supply." The patent described their 
discovery that when aluminum is dissolved in liquid gallium just above room temperature, 
the liquid alloy readily reacts with water to form hydrogen, alumina and heat. 

Future research will include work to further perfect the solid alloy and develop systems 
for the controlled delivery of hydrogen. 

The 2nd Energy Nanotechnology International Conference is sponsored by the American 
Society of Mechanical Engineers and ASME Nanotechnology Institute. 
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