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Thermal Neutron Fission

• Fission fragments are highly unstable because they

are so neutron rich.

• Prompt neutrons are emitted simultaneously with

the fissioning process. Even after prompt neutrons

are released, the fission fragments undergo beta

decay, releasing more energy.

• Most of the ~200 MeV released in fission goes to

the kinetic energy of the fission products, but the

neutrons, beta particles, neutrinos, and gamma rays

typically carry away 30–40 MeV of the kinetic

energy.
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◼ Because several neutrons are produced in

fission, these neutrons may subsequently

produce other fissions. This is the basis of

the self-sustaining chain reaction.

◼ If slightly more than one neutron, on the

average, results in another fission, the

chain reaction becomes critical.

◼ A sufficient amount of mass is required for a

neutron to be absorbed (a statistical

process), called the critical mass.

◼ If less than one neutron, on the average,

produces another fission, the reaction is

subcritical.

Chain Reactions

If more than one neutron, on the average, produces another fission, the reaction

is supercritical.

An atomic bomb is an extreme example of a supercritical fission chain

reaction.
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Chain Reactions

◼ A critical fission reaction can be controlled by absorbing

neutrons. A self-sustaining controlled fission process

requires that not all the neutrons are prompt. Some of

the neutrons are delayed by several seconds and are

emitted by daughter nuclides. These delayed neutrons

allow the control of the nuclear reactor.

◼ Control rods regulate the absorption of neutrons to

sustain a controlled reaction.



24-10-2020 Side 6

Madan Mohan Malaviya Univ. of Technology, Gorakhpur6

Fission Reactors
• Several components are important 

for a controlled nuclear reactor:

1) Fissionable fuel

2) Moderator to slow down 

neutrons

3) Control rods for safety and to 

control criticality of reactor

4) Reflector to surround 

moderator and fuel in order to 

contain         neutrons and 

thereby improve efficiency

5) Reactor vessel and radiation 

shield

6) Energy transfer systems if 

commercial power is desired

• Two main effects can “poison” 

reactors: (1) neutrons may be 

absorbed without producing fission 

[for example, by neutron radiative 

capture], and (2) neutrons may 

escape from the fuel zone.
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Core Components

• Fission neutrons typically have 1–2 MeV of kinetic energy, and because the

fission cross section increases as 1/v at low energies, slowing down the

neutrons helps to increase the chance of producing another fission. A

moderator is used to elastically scatter the high-energy neutrons and thus

reduce their energies. A neutron loses the most energy in a single collision with

a light slow moving particle. Heavy hydrogen (in heavy water), carbon

(graphite), and beryllium are all good moderators.

• The simplest method to reduce the loss of neutrons escaping from the

fissionable fuel is to make the fuel zone larger. The fuel elements are normally

placed in regular arrays within the moderator.
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Core Components

• The delayed neutrons produced in

fission allow the mechanical

movement of the rods to control

the fission reaction. A “fail-safe”

system automatically drops the

control rods into the reactor in an

emergency shutdown.

• If the fuel and moderator are

surrounded by a material with a

very low neutron capture cross

section, there is a reasonable

chance that after one or even many

scatterings, the neutron will be

backscattered or “reflected” back

into the fuel area. Water is often

used both as moderator and

reflector.
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◼ The most common method is to pass hot

water heated by the reactor through some

form of heat exchanger.

◼ In boiling water reactors (BWRs) the

moderating water turns into steam, which

drives a turbine producing electricity.

◼ In pressurized water reactors (PWRs) the

moderating water is under high pressure and

circulates from the reactor to an external

heat exchanger where it produces steam,

which drives a turbine.

◼ Boiling water reactors are inherently simpler

than pressurized water reactors. However,

the possibility that the steam driving the

turbine may become radioactive is greater

with the BWR. The two-step process of the

PWR helps to isolate the power generation

system from possible radioactive

contamination.

Energy Transfer
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◼ Power reactors produce commercial electricity.

◼ Research reactors are operated to produce high

neutron fluxes for neutron-scattering experiments.

◼ Heat production reactors supply heat in some cold

countries.

◼ Some reactors are designed to produce

radioisotopes.

◼ Several training reactors are located on college

campuses.

Types of Reactors
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Nuclear Reactor Problems

• The danger of a serious accident in which radioactive elements are released

into the atmosphere or groundwater is of great concern to the general public.

• Thermal pollution both in the atmosphere and in lakes and rivers used for

cooling may be a significant ecological problem.

• A more serious problem is the safe disposal of the radioactive wastes

produced in the fissioning process, because some fission fragments have a

half-life of thousands of years.

• Two widely publicized accidents at nuclear reactor facilities—one at Three

Mile Island in Pennsylvania in 1979, the other at Chernobyl in Ukraine in

1986—have significantly dampened the general public’s support for nuclear

reactors.

• Large expansion of nuclear power can succeed only if four critical problems

are overcome: lower costs, improved safety, better nuclear waste

management, and lower proliferation risk.
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Breeder Reactors

• A more advanced kind of reactor is the breeder reactor, which produces 

more fissionable fuel than it consumes.

• The chain reaction is:

• The plutonium is easily separated from uranium by chemical means.

• Fast breeder reactors have been built that convert 238U to 239Pu. The

reactors are designed to use fast neutrons.

• Breeder reactors hold the promise of providing an almost unlimited supply

of fissionable material.

• One of the downsides of such reactors is that plutonium is highly toxic, and

there is concern about its use in unauthorized weapons production.
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Fusion

• If two light nuclei fuse together, they also form a nucleus with

a larger binding energy per nucleon and energy is released.

This reaction is called nuclear fusion.

• The most energy is released if two isotopes of hydrogen fuse

together in the reaction.
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Formation of Elements
• The proton-proton chain includes a series of reactions that starts with two

protons and ends with an ordinary alpha particle.

• As stars form due to gravitational attraction of interstellar matter, the heat
produced by the attraction is enough to cause protons to overcome their
Coulomb repulsion and fuse by the following reaction:

• The deuterons are then able to combine with 1H to produce 3He:

• The 3He atoms can then combine to produce 4He:
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◼ As the reaction proceeds, however, the temperature increases, and

eventually 12C nuclei are formed by a process that converts three 4He

into 12C.

◼ Another cycle due to carbon is also able to produce 4He. The series of

reactions responsible for the carbon or CNO cycle are

◼ Proton-proton and CNO cycles are the only nuclear reactions that can

supply the energy in stars.

Formation of Elements
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