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Solar Synthesis of Advanced Materials: 
A Solar Industrial Program Initiative 

Allan Lewandowski 
National Renewable Energy Laboratory• 1617 Cole Boulevard• Golden, Colorado USA 80401 

• INITIATIVE GOAL 
This is an initiative for accelerating the use of 

solar energy in U1c advanced materials manufacturing 
industry in ilie United Stutes. The Jnitiative will he 
based on government-industry collaborations that will 
develop the technology and help U.S. industry com
pete in the rapidly expanding glohal advanced mate
rials marketplace. 

• BACKGROUND AND MARKETPLACE 
Advanced materials have an immense economic 

and strategic potential to strengthen the U.S. econ
omy in the coming decades. 111e estimated annual 
sales for advanced materials in the year 2000 is more 

than $150 billion in the United States and $400 
billion wor!dwide. Figure 1 shows the predicted 
sales for advanced materials and other emerging 
technologies. To put these numbers in perspective, 
the National Energy Strategy estimates that con
sumers spent $160 hillion in 1989 on electricity. 

The National Academy of Sciences recently 
concluded that "materials science and engineering is 
crucial to the success of industries that arc important 
to the strength of the U.S. economy and U.S. 
defense." However, the repon went on to say that 
there is " ... a serious weakness in the U.S. research 
effort in the synthesis and processing or materials. 11 

111 

Annual Sales of $356 Billion in U.S. by Year 2000 
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Figure 1. Emerging Technologies and Markets. [2] 
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International competiUveness is an important 
reason for the call for renewed U.S. focus on 
advanced materials. For the past 40 years, domi
nance in science and technology allowed the U nitcd 

, Stµtes to maintain its position us the world's indus
trial leader. This dominance has rapidly eroded as 
Wes tern Europe and Japan have taken an aggressive 
role in developing and commerdalizing many high
technology products and processes. To remain com
petitive in this rapidly evolving international 
economil: arena, U.S. industry must emphasize 
the research and development of new products and 
emerging technologies, and focus on product 
commercialization and enlarging its share of the 
glohal market. In collahoration with industry and 
universities, DOE and the National Renewahle 
Energy Lahoratory (NREL) can contrihute expertise 
tu this drive for improving U.S. economic com
petitiveness in the growing advanced materials 
market. 

Breakthroughs in solar technology over the last 
5 years have created exceptional new tools for devel
oping advanced materials. Concentrated sunlight 
from solar furnaces can produce intensities that 
approach thllse on the surface of the sun and can 
generate temperatures well over 2,0()() °C. Very thin 

layers of illuminated surfaces can he dri vcn to 
remarkably high temperatures in a fraction of a 
second. Concentrated solar energy can he ucli vereu 
over large areas, al lowing for rapid proccssi ng and 
high production rates. By using this technology, 
reseru·chers arc transforming low-cost raw materials 
into high-performance ,prouucts. Solar synthesis or 
advanccu materials uses hulk materials anu energy 
more efficiently, lowers processing costs, and reduces 
the need for strategic materials-all with a tech
nology that does not harm the environment. 

The Solar Industrial Program has built a unique, 
world-class solar furnace at NREL to help meet the 
growing need for applied research in auvanceu mate
rials (see Figure 2). Many new advanced materials 
processes have hcen successfully demonstrated in this 
facility, incluuing the following: 

• Metal.organic deposition is a rapidly growing 
alternative to electroplating and other techniques 
for forming certain types of thin lilms on solid 
suhstrates. This process, demonstrated on a num
her of suhstrates with various mctalorganic solu
tions, can he uscu for a wide variety of electrical 
and electronic applications (e.g., contacts, connec
tors, anu high-performance electronic packages). 

Figure 2. NREL's high-flux solar furnace. Left: Artist's conception of system operation. Right: The actual 
facility located on South Table Mountain in Golden, Colorado. 
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Ceramic powders have been produced in a 
solar reactor. These powders can be used for 
making low-wear and high-strength compo
nents, high-temperature and corrosion-resistant 
seals, bearings, cutHng tools, linings, and other 
high-temperature products. 

Diamond-like carbon materials of high 4uality 
and uniform thickness have been formed in the 
solar furnace using chemical vapor deposition 
techniques. These materials have exceedingly 
attractive properties, witl1 applications in diverse 
areas, including tribology (drills, bits, bear,.,,g 
surfaces, etc.), heat sinks in microelectronic and 
power applicatfons, extremely hard optical coat
ings and free-standing windows, new semicon
ductor devices, and diamond-coated prosthetic 
materials and hiosensors. 

lconel 600 --. 

Aluminum--. 

f .. 
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• Rapid heat treating, particularly surface hard
ening, can achieve hard, wear-resistant surfaces 
on softer steel substrates. Solar processes can 
be used as less-expensive alternatives to lasers, 
which arc now being used in the automotive 
industry for hardening engine and drive-train 
components. 

• Cladding (hard coating) qtn produce special 
surface properties on relatively inexpensive suh
strates. Solar furnace technology has success
fully applied metal powders,. metal oxide pow
ders, and cermet materials to several steel 
substrates. One such example is shown in Fig
ure 3. These clad materials can he used in cor
rosive, abrasive, high-load, or high-temperature 
environments in applications such as ,valve scats 
and stems, turbine hladcs, culling hlaUes, and 
dies . 

. . , " .. ~~-··· ... .,., 

Figure 3. Photomicrograph (magnified 200x) of a low-carbon steel clad with lnconel 600. An aluminum Inter
layer Is used between the two layers of steel. · This configuration provides superior wear and 
corrosion resistance characteristics. Excellent metallurgical bonds exist between the materials. 
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• PROPOSED APPROACH 
Solar technology can help increase U.S. indus

try's share of the advanced materials market in the 
coming decades. Industry has already expressed con
sidcrahlc interest in the technology, and several 
Cooperati vc Research and Development Agreements 
(CRADAs) have hecn initiated with major industrial 
interests in metallization and joining of ceramics, and 
ceramic powder productfon. 

Collectively, collaborations of this sort will 
serve as the foundation for this initfative. Within the 
initiative, a series of collahorative teams will he 
created consisting of U1c materials industry, the solar 
industry, universities, and NREL. Each of these 
teams will develop and commercialize specific mate
rials synthesis technologies. Tius process will hcgin 
with research and technical feasihility, contfoue 
through process design and pilot-plant demonstration, 
and conclude with market development and large
scale commcrdalizaUon. As this series of applica
tions is developed, the solar industry will he 
positioned to commercialize the required solar 
technology, while the materials industry will assume 
the primary responsibility for commercial application 
of t11e technology. 

l11e following sped fie actions arc required to 
hri ng these industry collahorations lo fruition: 

• Identify industrial partners in specific technology 
areas. Tim,ugh the CRADA process and other 
technology transfer mechanisms, teams will he 
furmcu to exploit suhstantial market opportunities. 

• Develop the process through joint industry/ 
government experimentation and analysis. 
Process economics will he predicted and 
compared with conventional process alternatives, 
and market potential will he assessed. 

• Build industry co-funded demonstrations of the 
technology at a pilot scale with solar industry 
participation. 

• Involve industry in the development of commer
cial solar technologies. ll1is will allow industry 
to take the lead in this technology at the 
conclusion of t.he initial development phase. 

• ECONOMIC AND ENVIRONMENTAL 
BENEFITS 

While the potential economic impact of solar 
synthesized materials is considerable, no long-term, 
detailed market analyses have heen completed 
because of the large number of potential applications 
of this tedmology. However, even a cautious esti
mate, I% of the anticipated U.S. market hy the year 
2000, yields annual sales of $1.5 hillion. Given that 
many current applications arc energy intensive, a 
market of this size could displace the equivalent of 
100 trillion Btus (0.1 quads) of energy. Using the 
more efficient solar processes will save energy and 
reduce the pollutants generated by hot11 utility fuel 
combustion and conventional industrial processes. 
When larger U.S. and world markets arc considered, 
the hcncfits associated with the solar process grow 
proportionally. 

1l1c case study shown in the hox on page 5 illu
strates the potential benefit of solar processing in 
ceramic powders. However, ccrumic powders repre
sent only one small niche of the advanced materials 
market. Other advanced materiah technologies could 
reap economic and environmental henelits similar to 
those predicted for ceramic powders. Many of these 
technologies have already generated considcruhlc 
industrial interest. For example, one U.S. company 
interested in solar-ha.~ed ceramic metallization and 
joining is a world leader in high-performance 
ceramic packages and one of the top IO U.S. sup
pliers of electronic malcrials. This company esti
mates that solar processes could save millions or 
Jo liars annually for existing products. Additional I y. 
new products enhanced hy solar processing cuuld 
yield sales in the tens or millions of dollars. 

Another potential industrial partner is seeking 
alternative technologies for metalli1.a1ion to replace 
existing processes that waste strategic metals and 
require the use of large quantitks of hanlfdous 
chemicals. In this case, solar processes can mini111i1e 
the waste of materials without the need for toxic 
chemicals. 1l1is results in a more enicient and prnl'
itahlc process with minimal environmental prnhlems. 

Diamond-like coatings arc attracting rnnsitkr
ahlc attention from industry. One company is i ntcr
cstcd in using such matings to exrcnd the life ol 
extrusion too Ii ng. Solar processed diamond-Ii kc 
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' Solar Synthesis of Advanced Materials: A Case Study 

Estimates of the near-term, economic impact on specific industries show considerahle promise. For exmnple, 
advanced ceramic powders are used primarily for structural and electronic applications and thermal spray 
coatings. The estimated production in /990 of advanced ceramic powders was 265 million powuls worth 
$460 million (with prices ranging from $0. 60/lb. for hard ferrite powders to $150/lb. for various flitrh/e 
pol-vders). With an anticipated mimwl growth rate of 8.5%, the advanced ceramic powder market could 
reach production rates of 342 million pounds worth $753 million by the year 2000. f 3 / 

Electronic applications make up 80% of the ceramic powder market, followed by structural applications,, 
(which have the highest growth rate, 10.5% annually). The U.S. advanced ceramic powder business is 
characterized by a dozen key players, most of whom supply silicon carbide powders. 

A unique, solar~based silicon carbide process, which has been demonstrated ·at the NREL solar Jimwce, has 
two distinct advantages over the conventional Acheson process. The first advantage is the replacement fi 
electric energy (9000 kWh/ton product) with solar energy. The second advantage is the production of a 
higher-grade powder that requires less processing for high-valued applications. Initial estimates indicate 
that a solar process would be economically superior to the conventional process based on the energy cost 
savings alone. If the higher quality of the solar product allows signiflcam reduction of materials processing 
costs, total marwfacturing ccJsts may he cut in half. 

A11111wl U.S. production of silicon carbide is expected to exceed 25,000 tons/year he}<Jre the end of the 
cefllwy, and to have <lllflttal growth over twice that of the GNP. This market would represent an anmud 
use of abotil 225 GWh of electricity. Assuming that the energy in the conventional process is produced by 
cual plants, the potential total llllmwl emissions from the production of electricity jlJr silicon carhide 
mmwjcu:turing is ahottt 23,000 tons of CO2, 68 tons of NO.\ .. and 68 tons of SOx 

Tlte sales prices of hi~h-valued silicon carbide. products are mi the order of $12/lb and up. If the solar 
rm)(:ess nlll cut the mtm1(/ac111ri11g costs in half, this could result in potefllial <llllllWI savings for the entire 
market mi the order of tens <f millions of dollars. Lower cosls for silicon carbide powdt!rs nwy open 
entirely new product markets. Alt/tough the actual market pe11etmtio11 lf the solar r>rocess would likely /J,) 
j£Jirly small J1·action of tile overall market by tile end of Lhe century, tile w111rwl savings ii-·oulcl still he very 
ltiMll relative to the R&I) required to prove and commercialize the process. 

coatings have attractive properties that could henefit 
many industries. The present world-wide market for 
uiamond thin films, primarily for cutting tools and 
other hard coatings, is $2(X) million, with growth in 
the next decade estimated to he $4 hillion. 141 

way for future growth anu new applications that will 
allow for the full potential of this technology to he 
realizeu. 

These examples indicate hoth the current 
industrial interest in solar-haseu processing tech
nologies anu the kinds uf economic impacts that arc 
anticipatcu. Through this iniUative, these industrial 
applicaUons can he thoroughly explored to cstahlish 
their true potential. Successful industry collabo
rations developed in this initiative will pave the 

• PROPOSED BUDGET 
The anticipated budget for this initiative is 

intcnued to stimulate initial industry interest in sol:u· 
synthcsizetl auvanccd materials and is, therefore, 
relatively modest in scope. St~u·ting in 11scal ye~lf 
(FY) l 993 with funding of$ I .75M and increasing in 
FY l(J94 to $4.2M, the 5-ycar budget (FY jl)l)3_ 

FY 1997) totals $25M (sec Figure 4). During that 
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Solar Synthesis of Advanced Materials 
Initiative Funding Summary 
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Figure 4. Proposed budget for the solar materials 
Initiative. 

5-ycar period, four to six industrial projects can he 
initiated. Industrial cost-sharing of these projects is 

estimated to he 60%. After FY 1995 the budget 
decreases, as emphasis on commercialization of the 
technology shifts to industry (both materials and 
solar industries), and a mature program to identify 
and implement new concepts into the colluhoraUvc 
process is established. 
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