Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

Dy3Al;01 B R 5

TEF KEZT AAR FHdtE AN

Study on the magnetic and magnetocaloric effects of Dy;AlI;O45

Dong Xue Zhang Guo-Ying Xia Wang-Suo Huang Yi-Jia Hu Feng

5| Fi{5 & Citation: Acta Physica Sinica, 64, 177502 (2015) DOI: 10.7498/aps.64.177502

1E2815%)13% View online:  http://dx.doi.org/10.7498/aps.64.177502
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/117

AT RE RSB B L&
Articles you may be interested in

PrNiq R R Bt BEAF 72
Investigation on the magnetic and magnetocaloric properties of PrNis
PP 22 %2014, 63(22): 227501 http://dx.doi.org/10.7498/aps.63.227501

LaFey1.5Siy 5 th G AR R A e P 7L
Study on the hydrogenation properties and stability of LaFe;; 5Si; 5 compound
PP 27 4%.2014, 63(19): 197501 http://dx.doi.org/10.7498/aps.63.197501

Co 75X Mn3Sn, _,Co, Cy.1 1 & WIHIRENE 5T AR AZ DL K B 25 FR) 5 Wil

Effects of Co doping on the magnetic properties entropy change and magnetocaloric
effect in Mn3Sn;_,Co,C, ;compounds

Y= 4.2014, 63(16): 167502  http://dx.doi.org/10.7498/aps.63.167502

— ZRARAR T ) OB B, ) AR 7T
Basic problem in the first-order phase transition magnetic refrigeration material
YH 24,2014, 63(14): 147502  http://dx.doi.org/10.7498/aps.63.147502

Mn42AI50_w Feg+m %é E‘Jﬁﬂ‘@*ﬂﬁﬁﬂ%@z
Magnetic properties and magnetocaloric effect in MngAls_,Fes . alloys
Yy 242 . 2013, 62(16): 167501 http://dx.doi.org/10.7498/aps.62.167501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.177502
http://dx.doi.org/10.7498/aps.64.177502
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I17
http://wulixb.iphy.ac.cn/CN/abstract/abstract61862.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61862.shtml
http://dx.doi.org/10.7498/aps.63.227501
http://wulixb.iphy.ac.cn/CN/abstract/abstract61149.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61149.shtml
http://dx.doi.org/10.7498/aps.63.197501
http://wulixb.iphy.ac.cn/CN/abstract/abstract60647.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60647.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60647.shtml
http://dx.doi.org/10.7498/aps.63.167502
http://wulixb.iphy.ac.cn/CN/abstract/abstract60790.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60790.shtml
http://dx.doi.org/10.7498/aps.63.147502
http://wulixb.iphy.ac.cn/CN/abstract/abstract55079.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55079.shtml
http://dx.doi.org/10.7498/aps.62.167501

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 17 (2015) 177502

Dy3Al;Oqo R34 B3R

TEF KEE! EHEHA EBEHRE AR
(P EF RSB A R B R, 470 221008)

(201541 A 17 HU&H; 2015 4 5 A 20 HY R & 0H )

& THIRTE T DysAlsO12 1837881  Zeeman B ZLRER AN B AL, {EAMIEH H, NO< H, <9 T,
B3 <T < 42 K JuHE A, T TSR 00 R AR, T84 R 5 G SLIn v & 30r. it B4
REWY, DysAlsO12 WHENER 72 A/ AR 1055, 7T DAZ8E. IR 25 T e OB ot 72 il 2 A
WAT 5THRR, #5 GdsGasO12 fak#t 1T 7 LLE, KIAFRSIMES T, DysAlsO12 Fl GdsGas 012 FIE
BEHIAMREAFRRX A Z. fEATIRE (T < 10 K) #AN, EIMEREAR, %85 DysAlsO12 1E NI
MR 25 AN m, 1+ GdsGas O12 1E 9 MEHIA F4 BHEL LS.

géﬁgiﬁ.l Dy3Al5012, ﬁf—(éé:ﬁ, EZQ';I%;E, GdgGa5012

PACS: 75.30.5g

1 58 =

BT e 2 B 2 m B sETs Je bl Rk
N S AR P, T AT T2 AN A e
B WHEHIA R R 2%, BI04 HLEEDE A
DA S Bl 1) VA WL o) 3 25 08 52 380 1 57 5 16 ) v i
R, R 5% 1A F T 2 R B AR BT 7T R A
Moz 2

Dy3Al;015(DyAG) /2 5 2 (1 i il A+ 8, B
W AE R s B RE A TR, WRACER W, 7E4.2—20
KI5 FE T AT RV IR, Dy AG IIRER AR K4
J& Gd3Gas012(GAGG) [l 245 B /T WL, 1% Sk fE
TR RE A H AR P MR E . Li% 1 R G ot
DyAG (g AN B AT 7R, &I 7 ek
AR Z A0 R . AEAE X % s AR A0 R o 1) A
b, BEAPEBZ IR, BN, B KR
AR AT A A R T ) A AR R
PG BB, ERATCAAT BT, ORI
Wi LB T 54, HASHAR A 8035 %5 Sk 35 FR
FE AR AN R 5101, RSB — & T R

* ORISR AU 4 (HEHES: 2013XKO04) FEBIIFIRE.
T #E/E#H. BE-mail: zhang57168@sina.com.cn
© 2015 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.64.177502

DyAG WA HAE I 07 K K/, IEE EffFE
2R IR R AVRFTE R AL 8 EE A Dy AG A
GAGG MR LA, T RRIZ IR S ARLEAN[F] S
T3~ AN TRV X A PR RE (1 22 ).

2 EAHEHEGHE
2.1 DyAGWSEIARERITE

£ DyAG & A, Dyt 85 2 Gt i) i 5 i)
RRN

IA{ = FICF + ﬁZeeman, (1)

A, Hyeoman 7& Zeeman 2 N Hamiltonian, Hep
& fm3% Hamiltonian, HR /RN

H. = Z Akq <Tk>qu(97 (P), (2)
k.q
Reft Ay, (rF) SR BEL, 1y 46 T BB IOBE T,

Yig NERIE R DyAG 8 TR0 J5 &, Dy*T &
T 1K B PR BAT IR A R Do X FRE, i
ey 2 0 AT 16

http: //wulizb.iphy.ac.cn

177502-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.177502
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 17 (2015) 177502

= > Mo Vio+ Y Apxar™Vioss

k=2,4,6 k=2,4,6
K 6
+ > Apxar™isa + Ag 1676 6. (3)
k=4,6

IR [11], DyAG I 253 1.
W FEAPOH 5, 2 ERRERAENRERET M, H

BRI B R AL, EY N8R

R 1KEHSEL, BITAHR AT,
H<§0a| f{c |90b> - Eéo)(sab =0. (4)
A3 E) I RE R AN KB K |q) AT | pp) 2 H H

TRk
A B AT 2.

®1 1£DyAG H{EM T Dy3T BFI&EHSE (AL cm ™)
Table 1. The values of the CF parameters upon Dy3* ions in DyAG (in cm™1).
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Table 2. The energies of the CF-split levels for 4f configuration of Dy31 ions in DyAG.
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Fig. 1. Variation of average magnetic moment of
DyAG with temperature in various magnetic feilds,
H, //[111].
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Fig. 2. As same as Figure 1, but H.// [110].
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Fig. 3. Variation of magnetic entropy changes of
DyAG with temperature in various magnetic feilds,
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Abstract

The crystal field (CF)- and external magnetic field- split ground state of Dy*t in Dy3Al;012 (DyAG) has been
calculated based on the quantum theory in this paper. The eight CF-split levels are obtained, which are all twofold
degenerates and are removed by the external magnetic field. On the basis of the results, the magnetic moments and the
magnetic entropy changes of DyAG are calculated in the temperature range of 3 < T' < 42 K and the magnetic field
range of 0 < H. < 9 T. The calculated results are in good agreement with the measured data. This work shows that all
of the six nonequivalent crystal sites in DyAG have contribution to the average magnetic moment and have an important
impact on the magnetic anisotropy of the crystal. In addition, the study indicates that the exchange interaction between
the magnetic ions in DyAG is so weak that it may be neglected. However, distinct from DyAG, the exchange interaction
between the rare-earth ions in Gd3Gas012(GdGG) is stronger at low temperatures and dependent on the temperature
and external magnetic field. Besides, the variation of the adiabatic temperature change AT with T is theoretically
anticipated and the anticipated results are comparied with that of GAGG. It is found that the maximum adiabatic
temperature change AT of DyAG is 1.27 times larger than that of GAGG when T' = 11 K and H, = 1 T. However,
it changes to 1.15 times that of GAGG when T'= 16 K and H . = 2 T. There are differences between the refrigerative
properties of DyAG and GdGG when they are in different external magnetic fields and different temperature regions.
At low temperature s(7T° < 10 K), the DyAG is a good magnetic refrigerative material in the lower external magnetic
field. However, When H . is higher, GAGG is a good selection. This study is helpful to select suitable materials for the

magnetic refrigeration technology.

Keywords: Dy3Al;015, magnetic moment, magnetic entropy changes, GdzGasO12
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