PAGE  
3
Asteroid Composition Milestone 1


Two accounts of what we know about asteroid composition, and what it means for mining them. 

A “milestone” of the NEA mines working group at http://groups.yahoo.com/group/NEAminesDATACHEM

(to be enhanced, upgraded, updated, improved through feedbacks and new emerging insights)
James Brown,  Oct. 2006; Ueli Scheuermeier, Sept 2006

1. Asteroid composition

What do we know? 

060920, Ueli Scheuermeier

There are tens of thousands of asteroids out there that are bigger than a house. But they appear to have varied compositions. How come?

Planet formation: 

The general understanding at present is as follows: A cloud of dust and gases somehow gets triggered to pull together. While doing that it begins to swirl into a more or less flat disk. Gravity pulls the heavier elements faster towards the center than the lighter ones. The cloud begins to differentiate. Then the dust and grains begin to hold on to each other due to gravity. Over a long period of accretion and smashing apart again due to collisions bigger and bigger chunks emerge. Some of these chunks form the planets that we know. 

Sometime during this process the sun ignites and blows away the gases to the outer reaches, except those that can hold on to the gravity of the planets. Gases freeze to solids in the outer reaches, acting like grains and going through the same process of accretion. Those then end up being Kuiper Belt objects made mostly of ices of various volatile gases. 

The planets meanwhile build their own gravity crunch. They become big enough to hold any large objects that plough into them and recapture the chunks that are thrown up at impact. This is the time of the „great bombardment“ that is so nicely visible in the gutted surface of many rocky planets. The planets become so big, that the pressure in the center becomes big enough that the heat goes up and the material melts, and the chunk ends up being a ball. Now it is possible for the heavier elements to gradually drop through the melt to the core, while the lighter elements bubble up, then solidify and make up the outer crust (molten rock that solidifies is called „basalt“). Earth for instance has a big iron-nickel core and a rocky crust of various basalts. 

Asteroids

These are leftovers of the planet-forming process. 

a) Rocky asteorids, or „chondrites“ (chondros means rock or pebble/gravel in  greek)

Some formed in the inner solar system like Earth and Mars, but just never made it to meet up with a big planet. Their composition is kind of the average of what the inner planets are made of. They just hold all the elements in grains and pebbles that originally swirled around,. So they are kind of like rocks, except they are much less dense, ie. there is lots of space between the grains and the bigger chunks, making them look like floating piles of rubble. There just never was enough material around to build a gravity crunch that would press the stuff together to the hard and dense geology we know on Earth. After they formed nothing much happened except the odd pebble or chunk plowing in, making a crater but not smashing the asteroid apart. Of course some did smash apart, but the result is just smaller pieces of the same composition. What is more, they never melted, and so the heavy elements like iron and nickel (and the platinum group metals that we are interested in) are evenly distributed in the material. So in these asteroid rocks there is much more iron and nickel and platinum group metals than what we would find in the basaltic rocks on Earths surface.

b) C-types

Further out in the original solar disk, other types of asteroids formed, where lighter elements get mixed in with the heavier elements that hadn’t yet made it inward. We got carbon compounds. Some of these compounds are complex, for reasons not quite understood. Think of soot or raw oil or tar. Water is also present, either in form of water ice, or in form of minerals that hold water such as clays or gypsum, etc. Carbon and water are the „volatiles“ that we can mine for fuels and for stuff to drink and breathe and for chemical processes that we need for extracting the bullion. However, how much volatiles are available on an asteroid depends how far out it is from the sun. Too near to the sun, and all these volatiles just boil off. The boundary appears to be somewhere in the middle of the asteroid belt beyond Mars halfway to Jupiter. 

c) Metallic

Apparently around 1-10% of the asteroids are almost pure chunks of iron-nickel alloys along with the platinum group metals. We know about these because there are meteorites (that is what an asteroid is called when it hits Earth and plunges through our atmosphere to finally find its way to a scientists desk) that are these metal alloys. How did they come about? It is assumed that there must have been one or more large bodies that had already melted and had a core of iron-nickel. Then these bodies collided and smashed up and never made it back together again. The pieces of the core are the iron-nickel asteroids we see today. 

d) Pallasites

So if such a body existed and the core ended up being the metallic asteroids, what about the pieces of the crust? Those would have to be asteroids that are chemically very close to what we know in Earths crust, ie basalts. Sure enough, they are there, called „pallasites“. 

e) Kuiper belt

Way out in the outer fringes of the solar disk the gases froze out and the crystal grains  bumped together to create bodies of ice. Of course there is also always rocky dust included, but almost no metals. The farther out on the disk that the body formed, the less dust there is. Way out in the cold, it’s almost pure ice of volatiles. Kuiper belt objects are not what miners will be interested in any time soon because they are way too far out, and very little metals there. But those that formed nearer in the main asteroid belt and somehow got flung by gravitational forces closer to the sun, they are interesting sources of water and carbon for fuel. 

g) Comets

These are bodies that got pulled out of their lazy orbits way out in the Kuiper belt and plunge towards the sun. Near the sun they boil off their volatiles and release the dust that is in that ice. The dust catches the sunlight and that’s the tail of the comets we see. Most comets zip round the sun and just head straight out to the far reaches again on their highly excentric orbits. But some are caught by the large planets into permanent orbits closer to the sun, and over time they „burn out“, ie. end up having no tail. What are they then? The dusty remains of what is left behind when all volatiles are boiled off, probably held together by some carbon-based gunk that is difficult to boil off. 

These differentiations are not clearcut. There are many in-between types. One possibility is also, that pieces of totally different asteroids find each other to form a new asteroid that has very diverse chunks in it. However, this is expected to be rare because chunks from diverse asteroids fly fast into each other, and that tends to smash up things as opposed to gently nuzzle up to each other and form a „floating pile of rubble“.  

Miners are interested in the metal asteroids. But going to a metal asteroid means you got to bring along fuel, whereas on a rocky asteroid we’d have rocks with metal flakes in them (that could be sifted out with magnets?) and the volatiles to make fuel and move around. Add to that the various orbits of the various types of asteroids. Tradeoffs abound. Which tradeoffs allow to drop bullion of alloys of rare metals behind heatshields into Earths atmosphere at the lowest costs? 

What next?

Asteroids down to a certain size can be detected and tracked in the vicinity of Earth, even though that is quite difficult. However it is much more difficult to assess their composition and structure. Earth based sensors are telescopes and radars. Telescopes allow to analyze the spectra of the light coming from asteroids, allowing some idea of what they are made of, or at least their surface. Already here one has to wonder whether eons of floating around in the sunshine with all its radiation and solar wind doesn’t change the surface, and therefore whether spectral data actually tells us something different than what is just below the surface. Radar allows to figure out whether there are substantial amounts of metals within the asteroid. However, asteroids must fly very close by Earth to get any clear idea. And that is – thank God – rather rare. 

In effect this means: For mining purposes we cannot rely on data deriving from Earth based sensors. We need to send probes that get there. Some probes have been to asteroids and brought back a lot of information. But that information was for science in general and not aimed at figuring out how to mine them for bullion and volatiles. 

We need to send scouting probes. 

 2. Chemical history and properties of asteroids

061001 James Brown

Billions of years ago a large star exploded. This created most of the elements heavier than helium. Then these supper hot elements scattered over many hundreds of light years. As they flew far apart this nebula quickly cooled. Eventually it cooled enough that all the elements were dust and the outward momentum of the dust was overcome by common gravity and it finally started to come together. We don’t know much of the chemical processes as the dust of all elements in the incredible cold but there was some reactions and cohesion between some common chemicals. Metals tended to stick to metals and silicon rocky particles reacted with and stuck to similar compounds. We tend to find grains of metals and grains of rocky compounds mostly a bit larger than a grain of cooked rice. Many more reactive metals quickly reacted with the very active bases such as chlorine, oxygen, and fluorine. Oxygen being a more common gas is more prevalent here in the rocky and metal grains. The highly reactive metals quickly reacted with the former like magnesium, aluminum, and such. Where the pressures and temperatures were lower, the less reactive metals like iron did not react with these.

In many places the grains collected. As they did gravity became significant with the larger denser grains, which collected much more. Some developed into asteroids of various sizes, others developed into planets. The center of this nebula section collected most of the matter and became our sun. When it ignited this quickly changed things. The sun puts out heat and charged particles. The Sun was much cooler then. It has continued to get warmer over its lifetime. The inner planets being closer to the Sun quickly warmed up enough to loose most of the lower boiling point elements, but still continued to collect grains and asteroid size stuff. The outer planets being much colder kept more of the lighter elements we normally call gases. They still have most of the more volatile elements and this makes their total gravity greater, making it easier to continue collecting much more mass. The Sun mostly put out more of one electric charge. This caused very small things to be repelled by electrostatic forces more than gravity can overcome except for larger objects with greater gravity. The larger outer planets continued to collect more since they mostly have greater gravity, and gases in their atmospheres are much denser.

Where enough radioactive matter was collected in the planetary cores, heat was generated. Where there was enough gravity and pressure matter would melt and flow. The denser materials flowed towards the center of mass. The lighter flowed up. The heavier more radioactive elements were brought together creating more heat, and more flow causing greater differentiation by density.

Very early there were many more impacts, asteroid with asteroid, and with planets. When the asteroid belt was first discovered they thought that it was a result of a planetary breakup. Now this is not likely, but there were likely some much larger asteroids that differentiated due to gravity and heat, and then impacted with others and broke up. This would leave the solid iron and rocky asteroids we find some places.

Some asteroids are very solid. This can be due to volatiles like water as a binding agent, but the outside water is quickly lost. Some like many of the metal and stony asteroids are largely a hard lump that had been fully melted. Others have been under enough gravity to differentiate by density. The very heavy elements are collected at the center. Apparently most of them have been broken up. We may not know much more about this until we have done detailed studies of hundreds of them. We may find that many have highly differentiated layers.

The most common asteroids are a collection of all the elements available in their area. Most of the grains are groups as above. A very large asteroid at Earth’s distance from the sun can be mostly water, and some more volatile substances, but is loosing that over time. It can take many billions of years. Some comets develop a layer of sand and such that insulate the volatile elements below. Once this happens the volatile elements will slowly vaporize off but no longer with enough energy to throw the sand and rock because the layer is very porous. Then they stop throwing off a shower of sand and dust so they stop glowing even when they come closer to the sun. Some carbonaceous asteroids are former comets. The only difference between some comets and some asteroids is that the asteroids no longer throw off enough gases to throw out the dust and sand size pieces so they no longer have the glowing halo and tail.

There is more we don’t know about the inside of asteroids than we know. We can see the outside, and studying the light spectrum we can determine what elements make up the surface but we can’t know how they are bonded chemically. Sometimes we can determine the density of the asteroid. By watching the repeating change in intensity of the light coming from them we can determine how fast they turn. Watching the temperature change as they turn we can tell about how fast the heat change is traveling to deeper layers. This and the elements can indicate about how large the surface particles are, but that can be a very thin layer. Most indicate very small particles, but some indicate solid crunches. Some look like they are solid stainless steel, which conducts very quickly, others are like solid rocks, which conduct slower than the metal, but the light spectrums indicate a solid rock. The fastest temperature change is of fine rocky dust. 

Many of the metal asteroids have virtually no oxidation. This makes it so they don’t need to be reduced or have the oxygen removed from the oxides, but it is believed that most metal asteroids are solid chunks that will need to be cut and crushed down to small sizes if we want to process them chemically in less than months for each charge. This can be more equipment and energy intensive than doing the reducing on modestly rusted grains.

The carbonaceous chondrite asteroids tend to be the most common. They tend to have all the grains mixed, but each grain is either the metal (mostly partially rusted iron and nickel), or separate rocks of non magnetic material, some organics including water, ammonia, hydrocarbons from methane through greases, and pre nucleic acid compounds, possibly even DNA. Much of the water and more volatile compounds on the surface are being sublimated away, slowly working inwards . There may be processes that can differentiate the grains into layers, without layering. I don’t think there is much of that.

What this means for the NEA Mines:

That new Japanese probe shows we cannot know for sure what may be just under the surface by looking at the surface. If it is the same all over the surface it is likely the same deeper for the smaller ones. The very large ones may vary, and if the spectrum changes as we look over the surface means we don’t know hardly anything about the deeper contents. Just because the surface is of small particles does not mean it is the same under the upper few inches. The surface may have been pulverized. If all solids are present, then we want to know if magnetic or density separation can remove the rocky type of elements. If it is all chemically bonded and not in separate grains then the simple carbonyl processing will not do.

Almost as part of the carbonyl processing the oxygen can be processed out using at modest temperatures if the gases are under much higher pressures. Which make the carbonyl processing faster. It is used to remove the iron, nickel, and cobalt leaving mostly PGMs if starting with the normal magnetic metal grains.

We need:

It would be worth having at least two orbiting digital telescopes.  One should be programmed to look for very dim near Earth asteroids. The other should look at the light spectrum of the asteroids found. They could be on the same platform, or just one telescope with attachment options could do both. They should be watched as the asteroid makes at least one full turn near opposite points in the orbits to make sure the surface is all the same.

We need a prospector probe that can go to the asteroid, find out what size the particles are. We need to know if they can be separated easily and how much reducing will be needed. Then what the PGM is and such. It should be able to go to many asteroids and test them. Possibly with automated in flight refuel and repair.

There should be a near tele robotic initial miner that under direction can mine enough to really define the equipment and supplies needed to mine the asteroid, and know what can be produced there.

We need a full scale basic miner design that can have options. A cutter, grinder, extra power, and such are some of them. I believe these will need to have people on hand for the first few months or so to finish setting them up and finish the programming or training. Without initial operators I don’t think we can get it to work well enough to make a profit, but I will try.

For a very hard homogenized asteroid the full vaporization and condensation of all elements may be the most practical way to process it. This can be done almost entirely with reflected and concentrated light, but the window and other parts have yet to be designed. It is not a simple process. There are many other types of asteorids much easier to process than this.

