Possible Role of Aluminum in Shuttle Disaster Probed 
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Aluminum, as commonplace as a soda can in everyday life, has become something of a mystery metal for investigators trying to figure out what caused the destruction of the space shuttle Columbia.

The predominant component in the shuttle's structure, this lightweight solid metal can change under certain circumstances into a fast-burning, explosive fuel of a sort used in armor-piercing munitions, bombs and rocket boosters. That realization has led the Columbia Accident Investigation Board to delve into the possibility that, as trouble mounted during Columbia's hot, violent reentry, parts of its very frame might have ignited or even exploded.

If so, the burning aluminum may resolve a seeming contradiction that has troubled investigators: Physical evidence indicates that destructive heat raced through the shuttle's left wing, but engineering calculations indicate that scenario could not have unfolded as fast as it evidently did. The explanation, said an official close to the investigation, may be that the aluminum alloy in the frame could have served as a kind of energy multiplier, accelerating the process that doomed the vehicle and crew. 

"The more we learn about how aluminum behaves in these superheated temperatures, the better," said retired Adm. Harold Gehman, the board's chairman, at a news briefing this week. When aluminum gets superheated and turns into fuel, he said, it ceases to be a barrier. Instead, "this presents a new avenue for heat."

The accident unfolded in a mysterious environment of hypersonic speeds and rarified atmosphere, in which aerodynamic forces, chemical reactions and extreme heating interact in unfamiliar, and to some extent, unknown ways. As experts have told the Gehman board, there have been few opportunities -- until now -- to study what happens to spacecraft hardware when it plummets through this shadowland between space and the thicker atmosphere below.

Accordingly, the board in recent days has asked NASA's Ames Research Center in California to conduct experiments with aluminum "to get some laboratory data that we can hang our hats on," said the investigation official, speaking on condition he not be named.

Columbia and its seven astronauts were lost on Feb. 1, most likely because of damage to the leading edge of the shuttle's left wing that may have been inflicted by debris from the external tank during the Jan. 16 launch, investigators have said. Evidence from recovered wreckage and other sources indicates that, as the shuttle reentered the atmosphere, a breach allowed superheated air to blowtorch its way into the vulnerable aluminum behind the heat shielding and to flow through the inside of the wing, weakening it and eating into the main landing gear wheel well.

A key question is whether the aluminum contributed additional energy to accelerate the destructive process. The trouble is, no one has studied the properties of aluminum under the forces of reentry.

"You'd never build a reentry vehicle out of [naked] aluminum," said board member Sheila Widnall, an aerodynamicist at the Massachusetts Institute of Technology. 

Aircraft designers learned early on that aluminum gets too hot and soft from friction with the air to be used in supersonic aircraft, so they turned to titanium, said aeronautics expert Charles M. Oman, director of MIT's Man Vehicle Laboratory. The shuttle experienced such a leap of velocities, altitudes and heat extremes that, without shielding, "even titanium wouldn't cut the mustard," he said.

For that reason, the shuttle's skin is armored with various types of heat shielding. The vulnerable nose and wing leading edges carry panels of an extra heavy-duty carbon fiber composite, which is designed to withstand up to about 3,000 degrees during reentry.

The shielding is supposed to limit the heating of the underlying aluminum alloy structure to no more than 350 degrees. The alloy softens when it reaches about 955 degrees, said Boeing engineers familiar with the shuttle design. At 1,180 degrees, it becomes liquid. If temperatures go higher, the alloy boils, and higher still, it vaporizes.

That may explain why little of Columbia's frame has been found, and why some wreckage has shown considerable aluminum residue, including a fine, soot-like deposit and a slag of sprayed droplets of aluminum and stainless steel.

"We don't expect it to burn because we don't expect it to be in a powder form," a Boeing specialist said. "You're theorizing about environments that are beyond our exposure."

In fact, it is rare for aluminum to survive the heat of reentry unless it is protected by hardier material, said William Ailor, director of the Center for Orbital Reentry and Debris Studies at the Aerospace Corp. The slag may have preserved valuable clues to the accident's triggering events.

Aluminum loves oxygen. When exposed to air, it almost instantly forms a thin film of aluminum oxide. When this coating is stripped off, "aluminum is a very reactive material; and when it's exposed to high temperatures and a high-speed gas flow, the possibility exists of vaporization," Widnall said. "That's . . . a scenario that we want to follow up."

Once aluminum breaks down into a fine powder, it can oxidize -- that is, burn -- extremely rapidly, sometimes fast enough to explode. 

Metallurgy teachers have been known to dazzle students by combining powdered aluminum and powdered iron oxide in a reaction that melts an iron skillet. A piece of a rocket motor casing that landed in Saudi Arabia, although made of titanium, had a hole apparently made by burning aluminum, Ailor said. 

Columbia's problems developed as it passed through altitudes well over 200,000 feet, where oxygen molecules and oxygen-bearing gases -- essential to aluminum burning -- are relatively sparse. However, Gehman said, "with a stream of rarefied oxygen traveling [past the shuttle] at 15,000 mph, you can get a lot of oxygen." 

As Oman and other aerodynamics experts note, the shuttle's velocity shocks the air, ripping the molecules into atoms. The oxygen atoms "become like hunters, and they're really out there looking to burn something up. And the aluminum is looking for oxygen," the investigation official said.

David M. Manuta, an Ohio-based fire and explosives specialist who has studied aluminum industrial fires, said the soot-like deposits found on shuttle wreckage are "likely indicative of the aluminum-bearing components burning."

Based on his experience, he added, a relatively small breach, combined with temperatures in excess of 1,400 degrees, and the trace amounts of oxygen and other oxygen-bearing gases at high altitudes, "are all that are needed to initiate . . . aluminum fire inside the leading edge" -- a fire that could have reached 5,000 degrees, he said.

The condition of the wreckage indicates that the plume of hot gas eventually vented through the seals around the left landing gear door, possibly emerging as a jet that created excess lift under the left wing. Searchers found a titanium part from the left wheel well that was melted, indicating that temperatures at that location had reached at least 3,020 degrees. 

Since the engineering calculations suggest that there wasn't enough time for all of this to happen without some other factor, the investigation official said, the board has ordered the aluminum test researchers to make sure the investigating board is not steered off the track by erroneous assumptions. 

"Obviously, we're leaning heavily on NASA for the details on some of these calculations. . . . But it would be very unfortunate if the important scenario was thrown away because somehow the calculations indicated" it couldn't have happened. 

"If somebody tells me the gas flow could not have melted through the wheel well that fast, that's what I'm talking about," the official said. "The whole question of how fast things can happen becomes very important." 
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