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& Pripominka — Kalsem 2006

S vyuzitim prvni (distribuce tepla) a druh¢ (tepelna
excitace systemu) veéty termodynamiky

dO=dU +dW  a dO =T dS

tedy
dU =TdS — pdV = dU —-T1TdS + pdV =0

(U je vmitini energie, O je teplo, W = pdV je
vykonana prace pi1 zmén¢ objemu dJ a S entropie)
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zavadime volnou enthalpni G zahrnujici teplotni
expanzi a zmeénu entropie v zavislosti na tlaku a
teploté:

G=U-T1IS+ pV

dG=dU —TdS—SdT + pdV +Vdp=—SdT +V dp
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V nenulovém vnéjSim magnetickém poli o indukci
B se Gibbsova volna enthalpie modifikuje na:

G=U-1S+pV —-MB
kde M je magnetizace. Casto lze psat:

M=%p
Ho
kde y je magneticka susceptibilita a 14, permeabilita
vakua.
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Potom analogicky:

dG =-SdT +Vdp—-2MdB

kde opét dostaneme Gibbsovu volnou enthalpii
jako funkci primo méritelnych termodynamickych
proménnych, tedy G = G(p,T,B).

Pozn.: toto nelze pouzit, dojde-li k fazove
transformaci s vyraznou zmeénou magnetizace. Pak:

dG =—SdT +Vdp — MdB — BdM
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Pro 1zobaricke procesy (dp = 0) je pak:
dG =-SdT —2MdB

Pokud uvazujeme vratne procesy, je dG = 0 a:

SdT =-2MdB

Tedy vnéjSim magnetickym polem vyvolana zména
magnetickeho stavu latky vede ke zméné entropie a
teploty — k magnetokalorickému jevu
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MCE:

> Objev — Warburg 1881 na Zeleze

>

- Debye a Giague — 1926 magneticke chlazeni

Magnetic cooling: Debye and Giauque 1926

768 LETTERS TO

THE

EDITOR

Attainment of Temperatures Below 1% Absolute by Demagnetization of Gd.(SO,); - 8H,O

We have recently carried out some preliminary experi-
ments on the adiabatic demagnetization of Gda(S0.),
+8H,0 at the temperatures of liquid helium. As previously
preclicted by one of us, a large fractional lowering of the
absolute temperature was obtained,

An iron-free solenoid producing a field of about §000
gauss was used for all the measurements. The amount of
G (504)5-8H:0 was 61 g. The observations were checked
by many repetitions of the cooling. The temperatures were
measured by means of the inductance of a coil surrounding
the gadolinium sulfate. The coil was immersed in liquid
helium and isolated from the gadolinium by means of an
evacuated space. The thermometer was in  excellent
agreement with the temperature of liquid helium as
indicated by its vapor pressure down to 1.5°K.

On March 19, starting at a temperature of about 3.4°K,
the material cooled to 053K, On April 8, starting at
about 2° a temperature of 0.34°K was reached. On
April 9, starting at about 1.5% a temperature of 0.25°K
was attained.

It 13 apparent that it will be possible to obtain much
lower temperatures, especially when successive demagneti-
zations are utilized.

W, F. Gravgue
D. P. MacDouaGaLL
Department of Chemistry,
University of California,
Berkeley, California,
April 12, 1933.

61g Gd,(SO,),8H,0, AB=0.8T, 1.5K —0.25K



»  William Francis Giauque

» 1949 — Nobelova cena za chemii — za ptispévky
na poli chemické termodynamiky
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Opc¢t pro 1zobaricke procesy (dp = 0) 1ze psat:

dS =(8Sj dT+(aSj dB
oT B.p OB T »

Jinak tez:
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A pro adiabaticky proces (dS = 0):

grie | (@Sj iB
CB,p OB T,p

Zm¢ena teploty pri teploté T

OB

v" Nepifimo umérna cp ),

v"  Pfimo umérna (8Sj
I,p
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Maxwellovy relace:
(GS(T,B)) " (8M(T,B))

Zmg¢na entropie pi1 teploté 7' (a tlaku p):

Q—.‘w

AST,p = (aM
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Entropy S

Temperature T




teploty)

» 1 —1zotermickad magnetizace, 2 — adiabaticka
demagnetizace, Q — absorbovane¢ teplo béhem ohtevu 3

Entropy

Temperature
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> Klicova otazka — je mozn¢ vyuziti 1 za vysSich teplot?
> Prumyslové chlazeni (lednicky, klimatizace, atd...)

v" expanze idealniho plynu

v" odpar zkapalnéného plynu

v’ potfeba kompresoru — nejdrazsi a nejméné ucinna
komponenta chladiciho cyklu

> mozne zvysSeni ucinnosti — vyrazeni kompresoru
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Celkova entropie latky:
S(T,B)=S8y (T,B)+S,,(T)+S5,(T)+ 5

!

SM(T,B)zSph(T)_I_Se(T)_I_Setc
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Magneticky 1on o celkovem momentu J v
krystalovém poli okolnich 1onti:

» az 2J+ 1 hodnot energie
» prispiva k celkové entropii systému
Oy = RIn(2J +1)

kde R je universalni plynova konstanta.

—  lanthanoidy
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» Slibny kandidat
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Pfedstava - Idealni termodynamicky
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* Prvni refrigerator - 1997

- Gd koule — 3kg

ucmnost 60% 1dealniho
| Carnotova cyklu
I | chladici vykon az 600W

" AB=5T = AT=38K
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Vhodné materialy:
» silna teplotni zavislost magnetizace
» laditelnost kritickée teploty

» pokud mozno levny material
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_ Magnetické prvky:

(Group || 1 || 2 |

La [« [s5 |6 |

| 8 || 9 | 10| 11 |

12 || 13 || 14

|15 || 16 | 17 || 18

B
- [
o L g |
EN
o [REE
o R
- |

tLanthanoids

Hhctinoids

2p B

He

5 5 7 5 10

E ke M Ll F e

Sd 13 || 14 | 15 [ 16 | 17 || 1a

Al 2] F = Cl ar

21 [ 22 [ 23 f 24 |25 |26 | 27 | 28 Q2o | 30 | 31 |[ 3z [ 33 || =4 | 35 | 36
=CO[ TI L &F | Mn | Fe | Co i CU | £n || =a || 52 | A || 5e | Br || Er

HE A0 4l 48 A5 4 45 2 47 i 44 a0 g1 S ad a4
¥ | Zr [We | Mo [ Tc |Bu | Rh | Pd | Bg | Cd || [n || S0 | Sb || Te ] xe

71 72 73 74 75 7h I 7h 74 an ik a2 fa o4 a5 a5
lu | Hf [ Ta | W (Re [Os | Ir | Pt | Au [ Hg | Tl ||[Pb | Bi || P | At | Rn
103 1l (TS5 Rde CLOFE ST EE SIS S0 313 3@ 113 (| 134 | 315 || 116 || 11/ || 11B
lr | Rf |Bb | Sg [Bh | Hs | Mt | Bs | Bg | Uub| Uut |[Uug |Uup |[ Uuh | Lus || oo

4f




0 50 100 =0l i 200 S 2o i 300 1350



I L

1990 FeRh (Nikitin et al.)

1997 GdsS1,Ge, ((Percharsky & Gschneidner Jr.)
1998 RCo, (Foldeaki etal. )

2000-2002 La(Fe,S1),; (Zhang et al., Fukamichi et al.)
2001 MnAs,_Sb. (Wada et al.)

2002 MnFe(P.As) (Tegus et al.)

2003 Co (S,_,Se,), (Yamada & Goto)



i

N

Obri MCE:

AU ad {KI
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& Parametry nad€jnych kandidatu:

580

Material T AS-5T AT cena AV Pozn.
(K) (Jkg K1) | (KT) (“0)
Gd,(S1, Ge), 130- |18 3 vysoka | 0.5 nutné
270 superciste Gd
La(Fe,S1); 200- |20 3 nizka 1.5 precipitace Fe
330
MnFe(P,As,Ge) | 150- |20 3 nizka 0.1 toxicke prvky
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LaFe,; system with hydrogen
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Kontinualni rotace disku
Nizky hluk a vibrace

Permanentni magnety




prumer disku
cca jako CD
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1.5 Tmagnetic field

magnetic
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j S— () magnetic
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(demagnetized)

cold heat wheel
exchanger






Chubu Electric (Japonsko)
B~075T
60 W chladici vykon
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Vymeéniky tepla (ekologicky Setrna media):

 MCE - moznost pouzit vodu jako teplovodné medium

(namisto freont)
e za nizkych teplot — plynné helium

 uzavieny cyklus, malé rozméry — klimatizacni jednotky v autech
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> Proc€ je vyuziti MCE tak vyhodné:

v’ tichy chod

v' dobra energeticka dcinnost

v vyuziti latek Setrnych k zivotnimu prostiedi

v recyklovatelnost magnetika jako chladiva

v’ nemoznost Uniku skodlivych latek do okolni atmosféry

» denni energeticka naroCnost chladni¢ek
- jen v CR cca 6 GWh

- uz zvysSeni ucinnosti o 10 % - vyrazna uspora



Jeden z cilu:

— magneticky zkapalnovac

HEAT FLOW OUT
{to environment)

SR ToRdas
Uataiiyal Vb
Pacewdly N M, T G, 3 D, and [ A Sechiy

NO FLOW
REGION

HIGH MAGNETIC FIELD

MAGNETIC

MATERIAL

FLOW REGION Matural Gas IN
NO FLOW
REGION
HOT DUCT
HEAT FLOW IN
MAGNETIC (from Natural Gas)
MATERIAL
Liquid Natural
COLD bucT Gas (LNG) OUT

LOW MAGNETIC FIELD : F :
FLOW REGION Major Components of a Magnetic Liquefier
. Superconducting Magnets

O Magnetic Regenerators (wheel)
. Heat-exchange Fluid circulating system
. Wheel driving system
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Od tyzikalniho jevu

k aplikacim
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Dékuji za pozornost



