Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

CeFe,_.In, B& MRS CeFe; o5Ing 05 & EHEET IR SHE DT

Mhia AR

Magnetic property of CeFe,_.In, alloys and critical parameters of magnetic phase transition of
CeFe; g5Ing o5 alloy

Chen Xiang Zhao Ming-Hua

5| {5 & Citation: Acta Physica Sinica, 67, 197501 (2018) DOI: 10.7498/aps.67.20180815
TE %132 View online:  http://dx.doi.org/10.7498/aps.67.20180815
A %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/119

RSB HM T

Artlcles you may be interested in

HIHI ProoCusg fi FH B ESEE e 25 B Bk 0 R R H it 0 (T 7
Coercivity enhancement of waste Nd-Fe-B magnets by Pr;,Cuso grain boundary diffusion process
YE=4.2018, 67(6): 067502  http://dx.doi.org/10.7498/aps.67.20172551

La(Fe, Si)ys tb& Wi B B2 AL
Curie temperature mechanism in La(Fe, Si);3 compound
YE = 4.2014, 63(12): 127501  http://dx.doi.org/10.7498/aps.63.127501

Pr 4% DyFeOs 1Ak 2 1 H Jie H B A AH AR | A% B AE 5 Raman Y6 i 50

The study of Raman spectrum, distortion of lattice and spin reorientation phase transition on Pr doped
DyFeO3 system

PP 22 H%.2013, 62(14): 147601 http://dx.doi.org/10.7498/aps.62.147601

B Ju & IS INXT Co-Zr-Mo 4 4 i (1) 1 1 e % 45 14 1) 52 1l
Effects of B additive on structure and magnetlc properties of Co-Zr-Mo alloys

Vi3 2E4k.2012, 61(20): 207501 http://dx.doi.org/10.7498/aps.61.207501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20180815
http://dx.doi.org/10.7498/aps.67.20180815
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract71778.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract59600.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54672.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract50527.shtml

) I8 ¥ 48  Acta Phys. Sin.

Vol. 67, No. 19 (2018) 197501

CeFeZ—mIna: éﬁﬁ%'l‘iﬁﬁg‘f—’ﬁ CeFel,95InO.05 /El\ﬁ

HATEZE a7
PRt 21

S8 O

AR5 D)

1) (WTLImYE AR S i 75 B DR, WL 641112)

2) (The Ames Laboratory, U.S. Department of Energy, Iowa State University, Ames, Iowa 50011-3020, U.S.A.)

(2018 4 4 A 26 HUZF; 2018 4 8 A 3 HURFIME A )

T8 o 55 IR A i 2 AN A R 3 AR TRt 26 D B S BR BE B AR, RS T T CeFea—oIn, & 4 I 1 M AN
CeFe1.95Ing.05 & & MM Z IR R S5, 4 REXY: FH2.5 at.% AR CeFex & & B IFAREE &
S SRS TEAGR T 2 e faE, 035 T 2—80 K R M 58 I ki Al R ¥ ; CeFea 55 CeFe1.95Ing 05 &
S BRI, -k — AR AR i R FE YA 230 K BHUT; 75 0—5 T Wi TEE I, CeFer.95Ino.05 &4 HIRE ALK
e RHERZE 9 3.13 T/ (kg K), MHXFHIA &N 151.3 J/kg. A 7345 200 B = B VA I REAR S bR B
& 5S35 W CeFeq .951n0.05 & 4 FIREAH ELAE FH AT DU 26 5 R2 A0 B4 FH A0 3D-Ising AL SRR,

;G%Eiﬂ CeFe1,95Ino_05 %:{li\, ﬁéﬁ?‘?ﬁ“ﬁﬁ‘é, */]?EIEVE\‘, Ilﬁﬁ%%ﬁ

PACS: 75.47.Np, 76.30.Kg, 75.40.-s, 75.30.Sg

1 5 7

TE 48K %2 $ Laves #1454 f] REFes; (RE =
i 1) & b, s b Af BT RTER (19 3d L T4 )
J& T Je 3k 7 K FL . 7E 4£-3d, 3d-3d, 4f-4f
HE A R, 3d-3d 1A ELE A B 5 T H A
A HAEH, X 3302 i REFe, AR = i B
T (To) kRS 192 545 K (YFey), 525 K
(PrFey), 305 K (NdFey), 425 K (SmFe,), 782 K
(GdFey), 694 K (TbFey), 638 K (DyFey), 593 K
(HoFeq), 574 K (ErFey) 5. {HX} T CeFeq & 4211
7, Eriksson % BV 52 3 B Ce J5L 1 [ 4f B 7R [A]
F A REFe, &4 F I REJT K Af R T, M
& TG, XSEBURZ A BN R. &%k,
CeFey & 4 UL H AR E B E (= 230 K) A7
AL SR E M, (2.3 pp/fau.) B4 HIK, CeFey
BERNEE TR, ERERIRAE T (<100 K),

DOI: 10.7498/aps.67.20180815

A PRSI (AFM) 1R P, Bk S S
R AS AT, Ce-Af Hi 7 Fll Fe-3d HL T #LiE 2+ 1L,
PR R BOX A I R R EE R R P AT
U2 B Ce Af-Fe 3d %18 %10 RN AL A3 B e 3 5
FEREAK, JES A S HIMAFM AR 07, 4
1T CeFeo A 42 o 2 % 1M1 8 HL T34 B2 T 2 LU AR I
AFM A DL MR SRS I E R A e k& Bl
WFFE R, FH AR - 51X CeFea & 4 H 1) Ce B,
A REAE Ce Af-Fe 3d AH B /EH g, 1t AL
i SRS R E IR A 2 Fe 3d-Fe 3d AH
HAER M, SHEESFEREE AR WH%
A110% 1) Gd B J2 10% ) Ho & AR Ce B, & &1 )E
FLR AT A 267318 KB, H. M R Ak 98 i
M, R B¢ 1F (Cey—_ySc,)Fey (y <0.10) &4, B
Sc & &N, To M 230 K (CeFey) A I ZE 270 K
(Ceg.90Sco.10Fes), KR M, M2 34 N, & &+ 1)
REML 5 3 AFM BRI % ). (HFH /D& 1) Al, Mn,
Co, Ni, Ru, Ir, Re, Os TG& & A Fe JEFI, &6

* DU BH T RIS (BtHE 5 2017JY0181) MDY ZE T RIS S (iS5 16ZB0301) % BhHI IR .

T BfEEE. E-mail: gxucx@163.com
© 2018 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

197501-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180815
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 197501

4% Ce 4f-Fe 3d¥UiE 7% 10 AH H./E FH 58 T Fe 3d-
Fe 3d =2 A BAEH, IKIR T B A3 B 52
€, BRI & &k F R ERCR S P20 it
Ce(Fe;_,Coy)e (0.05 < z < 0.1) &4, HER
BN MG () - (KT To)- Wi (5T
Tc), HBE Co & &34 AFM-FM A48 5 B 51/ 1
I, T FM-PM AHAS 5B P ). Ce(Feg.06Al0.04)2
G4 To M Tapnvirm 20 918200 K AiT9s K 1
7£ Ce(Fe, 5% Ir)s Fl Ce(Fe, 7%Ru)s & &+, Tc
239185 K 1165 K, Tapnvrm 209014 135 K 1
125 KU6 4N Haldar 5 2224 5F 57 & 3048 i
F—lm A ER A JE TR Ga M IV IEITER Si H AR
CeFeq 1 [1) Fe IbF, 01 ¢ ) I G I R Bk LA £2
ERIBLE, Ce(Fe_,Ga,/Si)s &4 MG FAE 2 5N
x =0.025flz = 0.05.

R HE— 25 BT AR TITA 0 & B AQ CeFey &
%I Feltd, %} Fe 3d-Fe 3d Al Ce 4f-Fe 3d A H.
AE FH P 5 i S 5000 i 2 IR P R S AT T
CeFes_,In, Ga MG WiVE. [EINE, SR AR EE
I FE 256, 7, 0, n) Wi T CeFey.g5Ing. o5 & 21
WA HAEH.

S5V JE A RE Ce, Fe Al In () 46 7 43 51
499.98 wt.%, 99.95 wt.%, 99.999 wt.%, 1% % &
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Fig. 1. The X-ray powder diffraction pattern of
CeFea_gIng(z =0, 0.05, 0.1, 0.15) samples.
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Fig. 2. The X-ray powder diffraction pattern of CeFej.g5Ing. o5 phase.

#1 CeFey.95Ing.05 A& MET IR

Table 1. The lattice parameters of CeFej 95Ing.o5 alloy.

Atom  Site Fill T Y z Biso

Ce 8a  1.00036 0 0 0 0.42

Fe 16d 097438 5/8 5/8 5/8 0.53

In 16d 0.02434 5/8 5/8 5/8 0.97
3.2 H M

K 3 (a) 73572 CeFey g5Ing 05 & &5 F 3514
SRJGAE NI FHR L FE H (ZFC) g # L 2
(FC). Iz % 2 /2 TR I F2 H (FCW) I 1
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W T AH 50 2 B VA 28 i A i v o 1 5 2 )
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CeFey & 4 1 1 S Bk W41 5 B R AE 80 K AT SR R4
MEH), 3 (a) B P, B3 (b) AT LOBL %2
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7] (TG AK R 2254 L CeFe 1 BE K, 3 1 W 2 ik
BHEINFaE, B4 4 Ce 4f-Fe 3d () 244648 Fm
. Ce (Fey_,Gay)e 5 Ce (Fey_,Siy )2 A& Mm%
WA Ga FH ST I NG K, W1 2 = 0, 0.01,
0.025, 0.05 1, Ce (Fey_,Cay)o i &A% & H 5> 5l
N 7.3018(3), 7.3059(3), 7.3090(3), 7.3097(5) A 22,
£ Ce (Fe;_,Si)e B &, Hu 0.01, 0.025,
0.05 1, di k& & £ 7> 7 4 7.3020(3), 7.3033(4),

7.3054(3) AP, HTF Ce (Fey_,Ga,/Siy)e & &
W 3 0 3E $10.025 A110.05 J5, AFM 4 g 7E K iR
i Ak TR R A, 7T LLIN N Ce (Fey_,Th)2 (T=
Ga, Si) T @ik 23— I S E 5, KR &4
)R Bk A A Befa ® AF1E. M T CeFes & 4,
Ce (Feg.o75In0.025)2 M &S B2 1K % 4 1.00131(5) %,
X Ce (Feg.orsGag.o25)2 M1 Ce (Feg.95S5i0.05)2 HI
1.00098(6)% 5 1.00049(3) % RO — %4, pH kA T
Ce (Feg.g75In0.025)2 H I RERBEZS B 1% L [F] 55 5 44
B Ce (Feg.g75Gag.02s)2 EAGE. (HLLREE LK
B, BIRTE CeFey I A 2.5 at. % B In B 4K Fe, 1
DIAE4S Ce 4f-Fe 3d (1) 4440 AE FHAS 2o, (H A& fE
FE R — G FHE B T Fe 3d-Fe 3d A EAEH,
HIUR IR R iR e A5, X R Ce (Fey_,Tyh)2
B 4 PR IR SR R A R AR e AR AE AN U T b e
MK, &S5RI AN E <. MBS (a)
LV, BEE R G, R R SRS R
W AR N RS, AN IE R 10 kOe B, 1 7 B
LN R gk A AAE. @it dM /T B e
H] CeFeq 95Ing o5 & 4 Bk M -5 g AR AL J5 IR N
230.2 K, Lt CeFeq & 4 HH M (A AR IR 227.0 K B
. X RS A In X e JE LR FE (1) Fe 3d-Fe 3d
Fb AR ELAE FH (RS2 AR /)N
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B C = 4.98. HHE

pSP Jtu. = 2.83v/X(T — 0p)ks = 2.83VC ug,
A PATHE Y CeFey o5Ing o5 A & 50 T HIA LA
6.3 up. f£10 kOe4M7 T, CeFey & &M ugy /fu.
] 3.96 g, X F CeFey g5Ing o5 1 7, A [F
N %A 9 5.28 up, B CeFey g5Ing.os & & HIREAL
SRJE K, 41 3 (b) Fios.

Bl 4 (a) &2 I FE N2 K, CeFep.g5ng o5
CeFe, £ 4 ¥ 4 A% 58 FE B 41 W 3% (H) 22 4% [] i
2k (M-H M1 £8). v ORIETE W & 71 & 4 b T 5¢
RIRMOIRE, MM MAEER, REEY

AHE2 K, BiltirmeE WNEFTLLES, %
A G G 10 A AR /N, IX 3R BR A WE AT 3L AN 5
W& A AR 5. R M-H 2R A HE 1S F
1] CeFey g5Ingos & & I H K WA HLFE AN
2.77 up/fu, X CeFey 112.56 pp/ful K, XA
BB AE (Cey—ySc, ) Fea(y <0.10) M EEH] ). X
FWI1E CeFey & 4 W Fe JR T4 B 2 4% In 7] LA 1Y
& &dFei 7AW EE B4d) A
CeFey g5Ing o5 Al CeFep A4 7E 227 K 1) M-H 4%,
£ 60 kOe SNl T, Bidi LT AE, BG4 rH
ARG 43 5108 1.61 F11.50 pg /f.u.

60

(a) CeFe; 95Ing o5 —— ZFC 0.1 kOe r (b)
r —8- FC 0.1 kOe
sol —— ZFC 1.0 kOe 4P
—y— FCW 1.0 kOe
—4 ZFC 10 kOe Te— 2302 K
—— FCW 10 kOe .
T 40+ " 3L
00 00
g g —&— ZFC (CeFe,)
§ 30+ - § 5L —8— FC (CeFey)
%" —A— ZFC (CeFe;.95Ing.0s)
20} ;{ ’ e ZFC 0.1 KOe —¥— FC (CeFe; 95Ing,05)
=~ 39 —*=FCW 0.1 kOe 1+
10k Ceferostus 0.1 kOe To =227.0 K
0L
0 . . . . [ R T N R SR
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T/K T/K

B3 (a) CeFey.95Ing.o5 A& AW TR ZFC, FC, FCW Wl & /5 & ) M-T 4k, 36E 5 0.1 kOe 3% F 2—230 K
F R (b) 0.1 kOe i3, CeFeg fll CeFeq.95Ing. 05 B &A% N R ZFC, FCMIE7ENE K M-T #hzk

Fig. 3. (a) The temperature dependence of the magnetization of CeFei.g5Ing.o5 by measured ZFC, FC and FCW
methods in different applied magnetic field, the inset shows magnetic field dependence of magnetization in 0.1 kOe field
from 2 to 230 K; (b) the temperature dependence of the ZFC heating and field-cooled cooling (FC) magnetization of
CeFe;.95In0.05 and CeFes in applied magnetic field of 0.1 kOe.

80 40
(a) (b)
60 [ CeFea: pirr— 60 koo 38T
=2.56 pg/f.u T=227 K
40 [ CeFe;.95In0.05: for1 = 60 kOe 30T
—&— CeFey
- =2.77 pg/f.u T o5l
W 20 —0— CeFey.95Ing.05 o —e— CeFe; o5Ing o5
E E 20 F —— CeFey
g 0 i 9
= i = 15t
—20 T=2K
10
—40 F CeFes: g —eo voe = 1.50 pg/f.u
ol 5 CeFeq.95In0.05: fer 60 koe = 1.61 pg/f.u
0 -
_80 | IR (NS T SR TN N N YR T [T T (T NN T N | 1 n 1 n 1 n 1 n 1 n 1 n 1
Z60 —40 —20 20 10 60 0 10 20 30 40 50 60
H/kOe H/kOe

B4 AR CeFer.95Ing.o5 Ml CeFeo &M RMIALIIZL  (a) 2 K, —60—60 kOe; (b) 277 K, 0—60 kOe
Fig. 4. Magnetizations of CeFeq.95Ing.o5 and CeFey as a function of applied magnetic field (a) from —60 to 60 kOe at
2 K and (b) from 0 to 60 kOe at 277 K.
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< 3 4
= = r
10} S 05 ’,; 2
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1

MB vs. (H/M)% FIEEH Arrott B

Fig. 5. (a) The isothermal magnetization of CeFe; 95Ing.05 measured in applied magnetic fields from 0 to 50 kOe
1 1
from 203 to 260 K; (b) the Arrott plots M8 vs. (H/M)~ derived from the isothermal magnetization data with

B =0.5and v = 1.0.
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XiF B Arrott B (M2-H /M). W5 (b) F A LA
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1.336) Fli F-F B (B = 0.25, v = 1.241),
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WAL R B AR A R I A e L. B &
N Arrott L2y — R VAT H L, B Eik & b
BRI b AT LB R Arrott B 28 58 20 O A X R 2
(RS = S(T)/S(Tc)) Bz + 1 B0 B 6 2+
CeFel.95In0.05 45 I 4 A #th 2% (B 5 () B9 38 DY
A (1) Arrott B Hh 3% 42 14 38 40 1R AH X A%} 28 [ i

FEMASAL L AHLET &, B2 A2 AH B AF F ¥ 3D-Ising
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Fig. 6. The relative slope (RS) of 3D-Ising, 3D-
Hesnberg, mean-field and tricritical mean-field models

as a function temperature.
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Abstract

Magnetic properties of CeFes_,In, alloys and scaling critical behaviors of CeFe1.g5Ing.05 alloy are investigated by
measuring the magnetic susceptibility and isothermal magneteization. The X-ray diffraction (XRD) patterns show that
the solid solubility of the In substituted for the Fe in CeFes_,In, alloy is limited. Because the intensity diffraction peak
of impurity at 26 = 30.75° and 35.80° in CeFe1.95Ing.05 XRD pattern are very low, the effect of impurity on magnetism is
not considered in this paper. Magnetic measurements indicate that using 2.5 at.% indium to substitute for Fe in CeFes
alloy can strengthen the orbital hybridization interaction between Ce-4f and Fe-3d, but it cannot reach the critical point
to make the antiferromagnetic stable. The AFM fluctuation still keeps in a value ranging from 2 K to 80 K. The second
order paramagnetic-ferromagnetic transition of CeFej. 95Ing.o5 at Tc = 230 K is confirmed by Arrott plot analysis. The
effective ferromagnetic moment of Fe atoms can be increased by replacing part of the Fe atoms with In atoms in the
CeFe; alloy, which can increase the paramagnetic and effective magnetic moment and the magnetic saturation magnetic
moment of the alloy. For a magnetic field change of 0-50 kOe, the maximum value of the magnetic entropy change —ASm
is 3.13 J/(kg-K) at 230 K and RCP is 151.3 J/kg, which are higher than the values of Ceg.95Gdo.o5Fe2, Cep.9Gdo.1Fez,
and Ceg.9Hop.1Fes alloys under the same magnetic field. The high self-consistent scaling critical exponents determined
by modified Arrott plot and Kouvel-Fisher methods are [ = 0.3212(8) and v = 0.9357(9)] and [8 = 0.3304(1) and
v = 0.9249(1)], respectively. The parameter ¢ obtained from the critical magnetization isotherm My, = DH 5 satisfies
the Widom scaling relation § = 1+ «/B. Moreover, the plot of M7 vs. (H/M)% constructed by the above critical
parameters completely complies with the scaling hypothesis. At the same time, the critical parameters of n and § obtained
by |ASm| o< H™ and RCP oc HAY9 fitting are 0.6191(8) and 5.0559(1), respectively. In all, non-local effect of spin
interaction causes a certain difference between the critical parameters and 3D-Ising model standard values (8 = 0.325,
v =1.241, n = 0.569, and § = 4.818). But these differences are small, especially for critical parameter 3, which suggests

that the magnetic interaction in CeFe; 95Ing o5 alloy is a short-range interaction.

Keywords: CeFe; g5Ing g5 alloy, magnetothermal properties, scaling hypothesis, critical parameter
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