55 10 2006 10
1000-3290/2006/55 10 /5506-05

ACTA PHYSICA SINICA

Vol.55 No.10 October 2006
©2006 Chin. Phys. Soc.

NaZn,;

LaFe,;_.Al C

y

1 1+ 2 2 1 1 1
430081
2 430081
6 14 2006 7 29
NaZny; LaFe;_,Al,Cy, x=1.6 1.8
Al LaFe;;_, Al, IAST, Al Al
q
6 4 ay; T
Al
LaFe;_ Al,
PACC 7530S 7550B
1.0d<x<1.82 1.82
1. =x<4.94 Al
1881  Warburg
' 1976  Brown
> LaFe;_ Al ’
Lake;;_, Al,
Fe Al Al
LaFe,;_, Al, Al
LaFe;_ Al
41997 270—300 K
Gds Si, Ge,
AS=20F kg’ K" .
B Gds Si, Ge, ’ LaFey, 4 Si; ¢ *
La Fey o5 Copo 119511 B
o Fe Ge
71} kg_l- K™ 7,
q=-| asar
Tl
NaZn,, LaFe,;_, Al,
7 LaFe, , Al,
12
F . E-mail jingjing770710 @ sohu. com



10

NaZn,; LaFe;;_ Al C, 5507
35T T T T T 1
LaFe,;  Al, x=1.6 1.8 3.0 T i~ =18
Al 2.5 I\ L —a—wele ]
& | ;
5 L i 4
2. S 1.5 | \ -
1.0 A i
La Fe Al  FeC ] N |
LaFe;_ Al .C,, x = 0.5— AAA . -
1.6 1.8 99.9% . 0.0 Sinega, ]
1223 K T * T T 17 7 T 71
0 50 100 150 200 250 300
15 d. X T/K
1 0.0IT LaFey;_ AlLCo, x=1.6 1.8
3.
X XRD Al LaFe;, , Al C, LaFe, , Al 3Gy,
1.6 1.8 NaZn; IAS T, 9.1 F kg K' 7.1}
1 kg’l- K. Al
- T.. T. 18
_ _ T
x=1.6 182 K x=1.8 200 K q:—JZASdT 2
Al T
12 LaFeB,x All 10 T T T T T T T T T
Fe-Fe Al Fe b T
1.82<x<4.94 Fe- 8 -
Fe x . 1
PELE 7]
x %J T 7
4 4o -
LaFe,;_, Al, Al 1 N
1 27 ™ 7]
x=1.6 x=1.8 T v T ' T ' 1
150 175 200 225 250
T/K
17 2 LaFey_ ,Al,Co, x=1.6 1.8 5T
H
AS T H = _j OM/AT ,dH. 1
0
. T
Lakey, 4 Allﬁ Co.x
LaFey; , Al 5Cy ;.
[AS] T, T,
140—250 K ' .
| x=1.6 1.8 q 326 } kg~ 316 } kg™ .
Al
2 q
[AS] 5T



5508

55
Al LaFe,;_ Al Gy,
T¢
19 20 a T >0
AF M 6 M-H M
H 4
AF TM =12a T M + 1/4a, TM 3
6
+ 1/6 a5 T M 3 3 a, T as T
a, T a3 T as T a, T
.ay T
“ ! x = 1.8
H as T T,
M
LaFe;; , Al 3Gy
o
H:—aMAanlTM+a3TM3+a5TM5. 4 ‘=16 . T ~0
4
a; T >0a; T <0as T >0 LaFey , Al 3Gy
4 T [ T T T T ] S 7.5 .\—.u\ T T T r 3
= - ‘ -
=) 2 .\'\_ LaFe;; 4Al; 6Co. g 6.0 .\\.\ LaFe;; 5Al; §Co.1 9
I 1 ~u 1 3 4. 51 . ]
~ ~a ~ 1 ~a i
S ~a S 3.0 .
¥ 0 - ] S - -
4 . . — . g . . . T . .
< 2 4 /I/ i ®
S N o 44 e ]
— 1 P Z _a—"
E‘ 0 * c 0 — .
L}
T 21 '/ 3 -4 T ]
N l/ S /./
— -84 L 4
4 T T T Py T . . . . . :
0. 0225 4 / ] 0. 02254 ]
—~ o
&~ 0.0180 1 / g — 0.01804 [ ]
3 ] A ] S o0.o0135] ]
S 0.0135 . lr. = N .
0. 0090 S e ] 0. 0090 . - ]
. - : : : 0. 0045 ). ]
T T T T T T T
170 180 190 200 210 168 176 184 192 200 208
T/K 7K
. 3 ay T a3 T as T kg J7' T kg J72 TS kgt J°°
T I T ' T I T ' T l T I
7500 T T v T v T T T .
_ .. | 8000 .
' o . *t
6000 — S 4 ] " ]
*182 K ot » 200 K . Lt
) < "o 4 []
= +185 K o 6000 . 203K S i
4500 L 4 = .,
o P 'sp b . J
'E ) =L 1 o';—/ . *
g S £ 4000 ' i
>~ 3000 - I 4 < ) .
= i s L ] I - . Lt 1
*
© X LaFe, Al «C = .
1500 ._- "*«. akeyy 4Aly 6L _ 2000 ._-'*‘ |
L ]
T / - 1 4 - LaFey; pAl; §Co.q
Af L] R
0 T T T T T T T T T J:&'
0 T T T T T T T T
0.000 0.015 0.030 0.045 0.060 0.075 0.00 0.001 0.02 0.03 0.04 0.05 0.06

ugH-M '/ Tkg-A™-m™2

4 LaFes; ,Al,Co, x=1.61.8

UuH-M 1/ T-kg- A"t m™2

Arrott


Absent Image
File: 0

Absent Image
File: 0


10 NaZn3 LaFe;;_ Al C, 5509
4  laFe, ALC,, x=1.6 1.8 LaFe, LAl 4Gy | Al
Amolt . LaFey, 4 Al Gy, 9.1} kg™ K~ 7.1F ket K.
Arrott S Lakey, Al 4Gy LaFe,, 4 Al cCy
q LaFe, 4 Al ¢ Gy, -
Al 1.8 Arrott Al
Arrott 1.6 1.8
21
Al
Arrott
LaFe,; 4 Al 4Gy,
LaFey; 4 Al 6 Gy,
1 Warburg E 1881 Ann. Phys. 13 141 11 WangF Chen YF Wang GJ Sun J R Shen B G 2004 Chin.
2 Brown G V 1976 J. Appl. Phys. 47 3673 Phys . 13 393
3 Tishin AM  Gschneidner K A Jr  Pecharsky V K 1999 Phys. Rev. 12 Palstta T T M Nieuwenhuys G J Mydosh J A Buschow K H J
B 59 503 1985 Phys. Rev. B 31 4622
4 Pecharsky V. K Gschneidner K A Jr 1999 J. Magn. Magn. 13 Gschneidner K A Jr Pecharsky V K Tsokol A O 2005 Rep. Prog .
Mater . 200 44 Phys . 68 1479
5 Pecharsky V. K Gschneidner K A Jr 1997 Phys. Rev. Lett. 78 14 HuFX ShenBG SunJR ChengZH Rao GH Zhang X X
4494 2001 Appl. Phys. Lett. 78 3675
6 Provenzano V. Shapiro A J Shull R D 2004 nature 429 853 15 HuFX ShenBG SunJR Zhang X X 2000 Chin. Phys. 9 550
HuF X Wang GJ Wang]J SunJ R Zhang X X Cheng Z H 16 HuFX Qian XL Wang GJ SunJ R Shen BG ChengZ H
Shen B G 2001 J. Appl. Phys. 91 7836 Gao J 2005 Chin. Phys. 14 2329
8 Hu F X Shen BG SunJR Pakhomov AB Wong CY Zhang X 17 SunJR HuF X Shen B G2000 Phys. Rev. Lett. 85 4191
X Zhang SY Wang GJ Cheng Z H 2001 IEEE Transactions on 18  Pecharsky V K Gschneidner K A Jr 2001 J. Appl. Phys. 90 4614
Magnetics 37 2328—2330 19 Shimizu M 1981 Rep. Prog. Phys. 44 366
9 Wang F Chen Y F Wang GJ Sun J R Shen B G 2004 J. 20 Alonso V S 2001 Magn. Magn . Mater. Phys. Rev. B 63 054411
Phys. Condens . Matter 16 2103 21 Duc N H Brommer P E Ed. Buschow K H J 1999 Handbook of
10 Chen] Zhang HW Zhang . G Dong Q Y Wang R W 2006 Magnetic Materials Vol 12 Amsterdam Elsevier

Chin. Phys. 15 845



5510 55

Study on the magnetic entropy change and magnetic
phase transition of NaZn;-type LaFe;;_ ,Al,C,

compounds

Zhang Li-Gang'  Chen Jing' ©  Zhu Bo-Quan®  Li Ya-Wei® ~ Wang Ru-Wu'
Li Yun-Bao'  Zhang Guo-Hong'  Li Yu'

1 Department of Applied Physics  Wuhan University of Science and Technology ~Wuhan 430065 China
2 Hubei Province Key Laboratory of Refractories and Ceramics Ministry- Province jointly-constructed Cultivation
Base for State Key Laboratory ~ Wuhan 430081  China
Received 14 June 2006 revised manuscript received 29 July 2006

Abstract
The refrigerant capacity and magnetic phase transition of NaZnj;-type laFe;;_, Al,Cy; x = 1.6 1.8 interstitial

compounds are investigated. The magnetic entropy change |AS|, which is calculated from one of the Maxwell’ s relationships
AS TH =- [ OM/OT ydH is lower than that of carbides with low Al content. Although the magnetic entropy change

peak broadens with increasing Al content the value of ¢ which is used to evaluate the refrigerant capacity decreases due to the
sharp derease of the magnetic entropy change. Taking the spin fluctuation into account the magnetic free energy can be
expanded up to the M® term based on the Landau phase transition theory. The order of phase transition is distinguished by the the
signs of a3 T which is the coefficient of M* term. The order of phase transition for LaFe;;_ , Al carbides changes from the

first one that is weak to the second one with the increase of Al content.
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