CHAPTER6: NUCLEAR ENERGY
6.1
Radioactive substance

· Radioactive substances are substances with unable nuclei in their atoms. Unstable nuclei will decay and emit radioactive radiations.

· Examples of radioactive substances are

· uranium

· radium

· carbon-14

· polonium

· cobalt-60

· iodine-131

Radioactive decay

· Radioactive decay is the disintegration of unstable nuclei of radioactive substances to form smaller fraction of more stable nuclei.

· When this process occurs, the nuclei of the radioactive substances emit alpha particles, beta particle and gamma particles as radioactive radiations.





Unstable nucleus atom

Stables new nucleus atom
· This process occurs spontaneously ( by itself without being planned)

Radioactive radiations

Radioactive substances can emit three types of radioactive radiations during the decaying process, namely alpha rays, beta rays and gamma rays.
Radioisotopes

· Atom having the same proton number but different neutron number is called isotopes.

· Isotopes of the same element have the same number of electron.

· Examples of radioisotopes are carbon-14, cobalt-60 and iodine-131.

6.2
	Nuclear Fission


	Nuclear Fusion

	· Nuclear fission is process in which a heavy and unstable nucleus splits into two or lighter nuclei, roughly equal in size with the release of two or three neutrons and a huge amount of energy.


	· Nuclear fusion is a process in which two light nuclei combine to form a heavier and more stable nucleus, with the release of a huge amount of energy.
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· The radioactive radiation (mostly the gamma rays) released together with the production of nuclear energy.

· Chain reaction occurs when the process of bombardment and the release of neutrons is repeated. Explosion can occur if the chain reaction is not controlled. Therefore, graphite and boron are used to control the chain reaction.
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· The nuclear energy produced by nuclear fusion is safer to be used as no radioactive radiation is produced.

· Nuclear fusion only occurs naturally in the sun and stars like it as it requires temperatures of millions of degrees Celsius to provide the nuclei enough kinetic energy to collide and fuse.


Process of generating electricity from nuclear energy
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· The basic component of a nuclear reactor

· Uranium rods used as fuel

· Graphite is used as moderators to slow down the neutrons.

· Cadmium is used as control rods to maintain a steady rate of fission

· A cooling system is used to maintain the temperature of the reactor. Water is used  as the cooling agent
· A concrete shield is used to prevent escaping radiation from the surroundings.
· The process

· Nuclear energy is produced through nuclear fission of uranium in nuclear reactor
· Nuclear energy and heat energy boil water to produce steam
· The steam under high pressure rotates the turbine and generates electrical energy in the generator


6.3
The need for proper handling of radioactive substances

· Accidents in nuclear power stations will result in the leakage of radioactive substances or radiations

· This will pollute the environment and can be fatal to all living things that exposed to a high dose of radioactive radiations.

· Nuclear-related accidents may be caused by improper maintenance of nuclear power stations or reactors, human error, terrorist sabotages and earthquakes or other natural disasters.

· The atomic bombs dropped on the Japanese cities of Hiroshima and Nagasaki in 1945 during World War II killed thousands of Japanese people. Many Japanese are still suffering from the effects of exposure to radiation produced by the explosion of the atomic bombs.

· In 1979, a maintenance error caused an accident at Pensylvania’s Three Mile Island nuclear reactor. In the accident, a small amount of radioactive gas escaped into the atmosphere. It posed a severe psychological stress to people who lived near the nuclear reactor. More than $1 billion damages was reported.

· In 1986, an explosion occurred in the Chernobyl nuclear power station in Ukraine. The unauthorized testing of a reactor by its operators caused the accident. The reactor went out of control and an explosion occurred. Radiation about 50 times higher than of the Three Mile accident was detected and caused at least 31 death.

· The radiation spread over Scandinavian and Northern Europe and polluted farm and dairy products with radioactive substances.

· About 135,000 people who stayed within a 1600 km radius of the power station were evacuated from their homes.

· Scientists have estimated that about 24,000 people will die of cancer in the next 70 years to come due to the Chernobyl accident.
Effect of Radioactive Radiations on Living Things

Short-term effect:

· The exposure to large doses of radiation may cause radiation sickness. Radiation sickness normally occurs after radiotherapy for cancer, lymphoma or leukemia. The symptoms include malaise, nausea, loss of appetite and vomiting.

· The exposure to large doses of radiation also causes bones marrow suppression or gastroenteritis.

· Radiation may result in internal bleeding, infertility and premature ageing. It may also increase the risk of malignant tumors forming.

Long-term effect

· Radioactive radiations can kill body cells and cause mutations. All radiation-induced mutations are harmful and the effects persist in successive generation.

· Fetal deformation or death of the baby may also occur if a pregnant woman is exposed to radioactive radiation.

· Exposure to radioactive radiation can also hinder the growth process and cell division in our bodies, leading to cancer such as leukemia.

· Radioactive wastes can pollute the air and water and can cause the death of land and aquatic organism. It can also be transferred to plants and animal through the food web.

Proper handling of radioactive substances and radioactive wastes

Radioactive ray





nuclei of helium


consist of positively charged particles


the penetration is low, can be blocked by a sheet of paper.





Consist of high speed electrons which are negatively charged


The penetration power is higher, can be blocked by a thin sheet of aluminium.





Neutral “(in terms of electrical charges)


Consists of high-power electromagnetic waves.


The penetration power is very high, can only be blocked a thick lead or a thick concrete.





GAMMA RAYS





BETA RAYS





ALPHA RAYS





Radioactive radiations





Fission = splitting








Fusion = combining
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Radioactive radiations are used in radiotherapy and X-trays. For example, gamma rays are used to kill cancer cells.   


A radioactive substances is injected into the patient’s body for example is the iodine-131) to used as a tracer to check the function of thyroid gland and to trace the growth of tumor.


 Gamma radiations are used to sterilize non-heat resistant equipments, e.g.: syringe.


Sodium – 24 is injected into blood stream to detect blood clots.
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The Uses of


Radioactive Substances








Carbon-14 is used to study the path of carbon (carbon dioxide) in photosynthesis.


In agriculture sector, pets are sterilized using radioactive radiations.


Gamma rays are used to induce mutation in plants or animals to get better varieties which grow faster and produce higher yield.


Phosphorus-32 is added to phosphorus fertilizers to study the absorption rate of fertilizers to study the absorption rate of fertilizers by plants.














Radioactive used in determining the age of ancient artifacts and animal or plant fossil.


The method used is called carbon-14 dating as the age remains can be determined by measuring by carbon -14 that is left in the fossil








Radioactive substances are used for generating electricity for satellites and to carry large amounts of energy and coded information over long distances.


In manufacturing, beta rays can be used to control and check the thickness of materials such as paper, aluminum sheets and plastics.








This method known as food irradiation and is suitable for food that is sensitive to heat, e.g.: fruits and vegetables.


      Radioactive radiation is used to preserve food especially fruits and vegetables so that they can be stored for longer period of time.


The fungi and bacteria in the food can be killed by using gamma rays even after the food has been packaged





Workers exposed to radiation should wear protective clothing. The equipments which involve radiation must be operated behind screens with suitable thickness, for example, work behind thick cardboards, concrete screen or aluminum sheets





Workers who handle radioactive substances must wear dosimeter to measure the radiation received. This is to prevent the exposure to radioactive radiation.





Places where the radioactive resources are stored must display the warning symbol of radioactive substances





Robots are used in handling dangerous radioactive substances (do not handled with bare hands)








Geiger counter is used to check for radioactive leakage from time to time





Radioactive substances and wastes should be stored and transported in lead or concrete containers. The containers which keep the waste should be throw or buried in the deep sea bed
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