Separation of Isotopes by Gaseous Effusion


During the Second World War, scientists discovered that a particular isotope of uranium, 235U, undergoes nuclear breakdown when bombarded with neutrons. The amount of energy released in the process is so enormous that even a relatively small amount of the substance, about 500 g, could be used to build a bomb with a capacity for destruction unparalleled in human history. An intensive effort was launched toward enriching uranium with this isotope. The natural abundance of the two uranium isotopes 235U and238U are 0.72 percent and 99.28 percent respectively. Since isotopes of the same element do not differ from each other in chemical properties, the problem of separating 235U from the more abundant 238U isotope was formidable indeed. The separation method finally chosen was gaseous effusion. Uranium can be converted into uranium hexaflouride, UF6, which is easily vaporized above room temperature. The advantage of this compound is that flourine consists of a single stable isotope, so the separation involves only two species 235UF6  and 238UF6.  Note that 235UF6  differs from 238UF6 by less than 1 percent by mass! The separation factor for these two substances is given by


S=        238.05 + (6 x 18.998)

            235.04 + (6 x 18.998)


This is a very small separation factor, but the situation was not entirely hopeless. After a second effusion process, the overall separation factor becomes 1.0043 x 1.0043, or 1.0086, a slight improvement. In the particular case of uranium hexaflouride, then , the separation factor for an n-stage process is 1.0043n. If n is a large number, say 200, then it is possible to obtain uranium with about 99 percent enrichment of the 235U isotope. This is essentially what happened. A large scale effusion plant was built at Oak Ridge Tennessee. A sample of gas was passed through a long series of porous barriers, and at last 235UF6 was obtained with the desired isotopic purity. With this fuel scientists created the atomic bomb.


Occasionally one observes a familiar, perhaps pleasant(or unpleasant) odor while in an enclosed container with other people.  This can occur on a subway car, in an elevator, or in a room.  We may question what direction the odor is coming from and perhaps try to determine the source.


The process of an odor moving is diffusion whether or not it is a pleasant, if it is not driven by an external force such as a fan or breeze.  To understand this better we must revisit kinetic theory of gases.
Ref. Chang pp. 206-207

KINETIC MOLECULAR THEORY OF GASES

1. Gases consist of large numbers of tiny particles that are far apart relative to their size.

They thus possess kinetic energy.

2. Collisions between gas particles and between particles and the container walls are elastic collisions.  This means there is no loss  of  kinetic energy.

3. Gas particles are in constant, rapid, random motion.  They therefore posses kinetic energy which  is energy of motion.

4. There are no forces of attraction or repulsion between gas particles.

5. The average kinetic energy of gas particles depends on the temperature of the gas.

KE=mv2

6. Gases have  very low density, about 1/1000 that of a liquid or a solid.

7. A given number if gas particles will completely fill a container regardless of the size of  the container.  If the container is very large,  pressure will  be very small.  A smaller container will  have  greater pressure.

8. Containers of gas can be expanded and contracted in a variable volume container.  These containers have wide industrial use often  as pneumatic springs or pneumaatic balls such as basketballs.

9. Gases have the ability to diffuse as does liquids and even some super cooled liquids do and these are also known as amorphous solids.

10.  Gases are greatly affected by temperature, pressure, volume, and number of particles in a given container system.  For purposes of this lab we will focus  on molecular mass of gases and how that affects the rate of flow with volume , pressure and number of particles held constant.

