Magnetic refrigeration.

The magnetocaloric effect (MCE) is the change of the temperature of magnetic materials under influence of the magnetic field in adiabatic conditions. The field also changes the total and magnetic entropy of a magnetic material. The maximum value MCE can reach near the temperatures of the magnetic ordering temperatures, for example near the Curie temperature of ferromagnets. The magnetic field application causes heating of a ferromagnet and the field removing – cooling of a ferromagnet. Among the materials suitable for magnetocaloric applications one can mention rare earth metals and various intermetallic compounds. In particular, rare earth metal gadolinium and intermetallic compound Gd5Ge2Si2 are suitable for application as a magnetic working bodies in magnetic cooling devices operating in room temperature range. In gadolinium the MCE reaches about 3 degrees per magnetic field change of 1 Tesla in the range of its Curie temperature, which is about 273 K.
In cyclic process of magnetization – demagnetization of a magnetic material, which is used as a working body in a magnetic cooling device, it is possible to reach successive lowering of temperature. There is an analogy between magnetic and conventional vapor compression –expansion magnetization cycle. The adiabatic magnetization/demagnetization of a magnetic material is analogous to the adiabatic compression/expansion of gas in conventional refrigeration apparatuses. Nonregenerative Carnot, and regenerative Ericsson, Briton and active magnetic regenerator (AMR) thermodynamic cycles can be used in magnetic refrigerators.
The main advantage of the magnetic refrigerators is their compactness. This is related, from one hand, with higher density of magnetic working body in comparison with traditional refrigerators (solid body against gas) and, from other hand, with the absence of such bulky and unreliable device as compressor. Besides, the theoretical estimations and preliminary experimental studies show that magnetic refrigerators are characterized by much higher effectiveness and economy than conventional refrigerators working on vapor-gas cycle. In particular, theoretically their efficiency can reach 80 %. It should be also noted that ecologically harmful freons are absent in magnetic refrigerators.

The work on development of magnetic refrigerators is intensively conducted at present time, in particular in Astronautics Corporation of America (see www.astronautics.com/PressRelease/Files/MagFrig.PDF) and Iowa State University, USA (see www.ameslab.gov). In 1998 in Astronautics Corporation of America the first proof-of-principle magnetic refrigerator prototype was created. It works on active magnetic regenerator cycle. The working body consisting of gadolinium was moved cyclically (with frequency of 0.17 Hz) between superconducting solenoid with magnetic field of 5 Tesla and heat exchangers. The apparatus worked near room temperature and had cooling power of 600 Wt with efficiency of 50 % of Carnot. In May 2002 Astronautics Corporation of America together with Ames Laboratory (iowa State University) demonstrated a prototype of magnetic refrigerator in which permanent magnet was used. The device works in room temperature range and is powered by 6 V accumulator.

Summarizing the said above it is possible to say that magnetic refrigerators are effective, compact and ecologically friendly substitute of the traditional refrigerator apparatus. The possibility of technical realization of magnetic refrigeration devices has been demonstrated by leading world scientific groups working in this direction.

Advanced Magnetic and Consulting company conducts applied investigations and developments in the field of magnetic materials, including investigations on materials for magnetic cooling application. Employees of the company are recognized specialists in physics of magnetism; having Ph. D. and Dr. Sci. degrees. One of the main research and development activities is creation of new magnetic materials suitable for using as working bodies in magnetic regenerators. The company maintains close scientific relations with scientists from universities and laboratories of USA, Europe and China. At the present time the company holds about 700 copies of the articles devoted to magnetocaloric effect. Employees of the company have published more than 50 scientific articles and get 5 patents on magnetocaloric effect and magnetocaloric devices.

Recently, the Institute of Physics, Oxford, UK published following book prepared by leading scientists of our company:

A. M. Tishin, Yu.I. Spichkin , The Magnetocaloric Effect and Its Applications. IoP Publishing Ltd., Bristol and Philadelphia, 2003. 

