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i T BT Lag oPro FeoBg & 4 125 85 A0 28 J& 1 AU 7 09 S AR 25 A R AE , DA P B 1 i BB 0, AR SO 5%
TixE &R T AR S T T 00 AR A AR i R R X B Y X5 2R AT ST L (X-ray diffraction spectrum,
XRD) 84k, I XA [R) 0 £ A58 =0 i Ak BE AT VR AT L. 25 53R B, Lag oPry \Fe ,Bg & 4 EAHAE MK THE S
TR, T B R A A A T SRy S R S — R A UG A AE AR IR R AL BRh FEAR IR X B 23 T
3 PG 75 T 0 A WE A AR, B ZE G IR B A8 TR Fh S Bk 1% S (antiferromagnetic, AFM) 5 8k # & (ferromagnetic,
FM) 2 8] B9 AHAS , LA K =5 8 A I % 75 (paramagnetic state, PM) 5 FM 75 2 8] Ay A1 48, H H X R 5 i 5 163
(critical magnetic field, Hp) t LaFe;,Bg £ & 4 BUIKS 2. EiG AN A R XRD EHE & 78 LagoPr FesBg &
& W) E A AERETC I AUAT PP A Rl A 55 AR i AR v ) S5 P Bl RE SRR A B4, JL45 SR 2 XRD B R A E A8 17T
SPUEAL, 23 B — 28 PM 25N JCuk W4 2 (08 A7 565 0, I HLHCR 32 T 25 T B2 1) 38 A B8 1l 37 1) 48 O T 4 54
iAh, AE BT S AR N 09 S5 VLG A0 B T T B 0 1 A e L AR At 2, R T LR R B AR E
K375 S PM-FM — 94728 0 AH A8 11 S B0H) K BERGAS ( ASwm ), Q17E 70 kOe BIWE T, 78 50 K Bt 3T A% Fe K
WS A5 19 J/ (kg K), ARl v 5 29 589.1 J /kg. SRTI7E [FJAF B9 B BT, J0BA BN AFM-FM 72
Tl K 2 i 30 B P RO A8 . H SR P AR 3% 2 0 A, D) ) A 458 1) AT ML-FIML 78 2 4 28 5 o o 1) R i
N7 70 kOe WYY T, 8 K ML (Y e R A2 il 3512 T/ (kg K).

KEEIA: LaggPro Fey,Bg 134, B, BEHGINL, X LRI
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1 5 =

AT, 78 GdsSisGeyl ), MnAs, ,Sb, 167, Nij -,
Mng 50 ,Sn,5 1% MnFeP; ,As " fl LaFe;5 ,Si ">
SRR, YA TERES S B — PR REATE LR,
HZAFAE S R th 2 2 S R, BIREfeom
FEAEAEGRAR, [ F Rl RGN (giant magneto-
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caloric effect, GME), DAl I # # il ¥ Al o5 4kl 72
R HAOWRE R TE R %175 S AR AR I, 4
H f AR G5 F AR A B i MR /N AR AR i
Ak, BRIV T Y R R S B R R RR G
UAAE IR (paramagnetic, PM) 25 [ 4k# (ferro-
magnetic, FM) AR FEH, Gd;Siy,Ge, B4
AR P121 /1 5HFAE NIEAS Pnma 4545 1)) Ni 5,
Mny 50 ,Sn, BaMIEAL Pmma G514 1) 5 [ ARE
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AENSETT Fm3m G546 %) B [CARAH B9 T LaFe 5
Coy7Siy; G 4 ik BAR S5 F IF R K A A8k, (H & i
RFE R T 0.439% 17, MnFeP, , As, WAELEZE I
IR AR G, b5 b, TERGE T G e A8 Z )
Fe e s B P AP — BB WA IS, 4 Dy Sbl's),
ErRu,Siy", HoCuSil?" %44, 758k (antiferro-
magnetic state, AFM) & [a] FM & ) 5 A8 it # o
AP 2 P AFAE R A SR 1 2 B iR AR i 278
., TR E R

2016 4F, Diop 5% 2124 7 LaFe,Bg i Jif B+
B AR R LR B R 5 S AR AR AR B0 AR
T AFM-FM #H 42 F1 & i~ PM-FM AHAE , 40
E2KIBET, FLEINR AW (critical magnetic
field, He) 454 71.5 A1 92.5 kOe (1 Oe=10%/(4x)
A/m) BIPIS AFM-FM #1748 7E Curie J& B (T¢)
VI b, FIREAETE G175 5 ) PM-FM ARAZ, Jf HL
T S FH AR 4 5 I — % A B R AR, LaFe ,Bg
B A RH 3 5 A A AR R M AT S 0 AR 2
TR REVE AT RIS B R OSR &R BFSE N B 2 5
JEXf Lay ,Ce,FeyBg 20, Lay ,Pr FeyBgl™, Lagy
Ndg Fe,BgP R R i AT TIRAWFSE . AL 258
£ H /L ER Ce, Pr, Nd #1X La, 7 {li LaFe ,Bq
TR RS GRS He K BEW . (HNES R R,
XU 5T Z M AATE A G —, H— X T & &1
TR R A8 B AH ZE R AN S —, W Diop 45 P IA
i LaFe,Bg & &ML T (<40 kOe) 1Y 4 AHAE
i FE R AR IRAY AFM 5578 0 S iR PM 2,
{H Chen % 28 |1\ & Lay ¢Nd, ;Fe,Bg & 4 71K
Y N B REARAS i B R %02 AFM—FM—PM. 5 4h
— N EX T AT PM-FM ZEREAHZE 51 Y
WER AR R INNRI AN GE—, FE3CHR [27) W La, ,Pr,
Fe,Bg 29G4 70 a BRE T e ) 1 FL g A
BN, WNFE 70 kOe W43 R, = 0.05, 0.1, 0.15
0.2 X5 IV G 4 1Y e KGR 72 43 0l S —-13.4, —15.4,
~12.5 #1-13.0 J/(kg-K), {EX} LaFe;,Bs G4 1M &,
AH ] 437 T Je B YL B 6 30 1 e R A2 Sk
—6.8 J/(kg-K). HEZMIE, HATE X LaFe;,Bg
FRING A PG TR G B G TR R AR (R RIS
B AR R — PR A M RZ RS WA AR R
SERl. I, TR LaFe ,Bg il T & 4K R K
TG AE A8 3 A A B A A ARG db A 5 B0 G s
GG EREREON E A TR ABESE.

CA W P22 KB, 7E LaFe,Bg A &R, R

Fi/big Ce, Pr, Nd BAR La, 7] i FATZ AR
T W5 A REAHAR %) He; BEAb, 78 LaFes ,Si,
WU F 24, RV & Ce, Pr, Nd %1t La,
RALARERSIAAT T LA PM-FM #1251 He, 37T
DAYE SR SRR A 2090 ZRA DL BN, ik
BT HA 529 oo KR LaFe;,Bg A4%H La
INF, XPATEHIAR B H A AR S BOR R PE S R, AR
TAEMIE Lag gPry 1 FeoBg & & TEA R A4 T Y7
A B 25 R AR X AT (X-ray diffraction
spectrum, XRD) i%, W AMFFE T LagoPrj FeoBg
AR AR AR A B R R AR A LR

Ve La (Z6JE N 99.9%, F S JCHR R,
FTHh & Y48 80 | Pr (SN 99.98%) | Fe
(4L R 99.95%) A1 B (40 K 99.9%) 1 A B bF
B, e BOE H b2t i L T RR A, BN
La fll Pr 4% H R A9 3% LIAMEIEBRIEE. KA T
A sl Ar IR A FER I R, S
Bt Z W 6 K. 4R Ta A (LGSR, Bl
JEEH T RA &L Ar /Mg ZRET
B, 78 900 C PRI 28 d, SR SR I vkoK ¥
K(ABEREA 4. R X'Pert Pro XRD 106y
KEES YA A, ZiR T RA Cufl (Ko, Ml
Kaw) Mk ; 2537 Fhn 3 728 15 B % F Mo # (Ko
Al Kaw). Z37808 XRD MR 28 o eiEEY
TR FRIRE 70 K, RS 7E 10°—70°7 [ N it
4 AR, B FIR R 60 K, 285K
WAE 60, 55, 45, 35, 25, 15 K IRJE F 47
Gy iRt 72 R [RIAEAE R T A i B R &
70 K, #RJ5 N I 30 kOe M RE Y, FIAE 10°—T70°7E
FEL N AT 414 Rl B i AR JS X REAR ZS ) 5%
me, MHASS R SRR TER S T HHRE SR, A5
PR S 60 K #E47n3% XRD ik, E& D it
T, 52 55, 45, 35, 25, 15 K JREE T A, %
F MPMS XL 58 7T P gt £ (SQUID)
DA HCRAE 5 RG24 P RE, IR YE ] 2—300 K,
WE 5 R 0—70 kOe, 43 HITEZ 5% H G THR
(zero-magnetic field cooled warming, ZFCW)
AAINIAHERH (magnetic field cooling, FC) FizUF
AT, T AR R T e AR
REARAR (A, AR TAES R T AR 8L 77 ) 2 1
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Pk, BRI D0 A A i DA 28 3 4 2 3] 0
iR, RJE I AR A, DS R
TEZ Gy TR TR = 20, AR IRAE AL S 24k T
IREARZS , SRJF AT N — MR A SR R AL

3 EWAERG N
3.1 5%l

HAH RFey,Bg ISR R WIXE, 124 1k ry B
55 RFe ,Bg & 4 MRS A — W44 AH, 4N
LaFe,,Bg &4 P AETEZ 8% 1 Fe,BRU, NdFe;,Bg
BaTHE 23% (JAF5040) 1 a-Fel, PrFe;,Bs &
ST EREABELZH a-Fell. & 1 J& Lag oPr Fe ,Bg
RS = IR Y XRD B, T8 A i € ih 42
HIELR (BR- Yo, FI/STTB AR SrNiy B BIZEHE
Lag oPro Fe;sBg, FeoB Fll a-Fe = MR %L (%
- Yeao) W22, JIEHZA T LaFe,Bg, Fe,B, a-Fe
SAHBRAERT S, AT LUE H BEA E EACY BAE
INHT AR ZR SrNi,Bg TZEFYIR) Lag oPrg FeioBg, 244
o} Fe,B Fl a-Fe. Sk it 52 5 th 4e i e 21 1) £
FH AR AR ZEA S HOR T B 7 43 FL I R M, X XRD
W07 LaFe;5Bg, Fe,B, a-Fe —Hff) Rietveld

W1, HXESBIMNNEIIE T 22T R, = 8.16%.

fi ik T Ry = 7.94% FUHIEE T 28T Ry, =
3.87%, HIFE AL . KBS R R, 244
Fe,B fil a-Fe 1Y Bt 435050 i 2070 9.3% #1 1.0%,
X530k [21] HRE R LaFe,Bs A4 &A% 8% 1Y
Fe,B HAT B9 — Bk, 53 4b, LagoPrg FeoBg
FHIMN T SEN o = 9.6042(3)x10 ! nm Fl ¢ =
7.5941(1)x10 ' nm, HAE/NTF LaFe,Bs B854 (a =
9.631(5) x10 ' nm il ¢ = 7.612(1)x10 ' nm)? FI
$B2% Ce ) LagoCey Fe;nBg &4 (a = 9.630(3)x
10! nm Fl ¢ = 7.610(1)x10! nm)B, X5 Pr iy
JEF A2/ T La 1 Ce A 2. X S A% H0 15
INTRES SR A & TP REVE R A% 10 AE Mk, ki
SEREE & R AR B A, Ma SR RESE T
La, ,Pr.Fe,Bg R 4 HREFHAS FIREASN, &
M2 = 0.05—0.2 B, Pr GERC La ¥ i B A [
VAR X ST 5 O Lag oPro i Fop0Be 95 4
A ) SRS H BT S0, AR TR TR AE ) S R
FSCHR [27] FAYZE R (o = 9.586x10! nm Fl ¢ =
7.579x 107" nm) HA B —2tE, XUEBA TAE
HY Lag oPro 1 FoioBg FE i R A BT A

Yors— Yo
‘ ov el | Bragg peaks of LaFe;sBg phase

| Bragg peaks of Fe;B phase

‘ ‘ | | Bragg peaks of Fe phase
\
| “ ,“" Ml ““ e ML . Ycalc

’_' L! L !h “ ﬁ Yous

L. ]

| | ‘ |

I N

10 15 20 25 30 35 40 45 50
Bragg angle 20/(°)

Intensity

FesB [wt% = 9.3 (4.5)]|

Fe [wt% = 1.0 (0.2)]|
L 1

LaFe;2Bg [wt% = 89.6 (3.7)]|
T

Al 1 Lagy gPrg Fe9Bg %é’z\ # % i XRD ijat])_’( Rietveld *ﬁ{é
S50 (W RR B (Vo) MR (Yeu.) Z A2 1A,
VU (0 B oR 7R THAR, KB J7 220 7 (R,) N 8.16%, A1 hi A
K (Rp) 4 7.94%, B )7 2K F (Rey,) 4 3.87%)

Fig. 1. Room temperature XRD spectrum (black line) and
Rietveld refinement result (orange line) of LagyPry FesBg
alloy (The blue line represents the difference between meas-
urement value (Yy,) and calculated value (Yy,.) shown on

top in blue, graph variance factor (R,) is 8.16%, Bragg

factor (Rp) is 7.94%, and expected reliability (Rey,) is 3.87%).

3.2 WEHRT

K 2(a) 45T 0.1—70 kOe FIREZTE N, 75
ZFCW H1 FC W #8220 N By Ak o B Mt et J32
THYZAEAL 2R, T 140—300 K iR 75 Bl Py 7
AT i ZRAR R RIAR 7 /DN, BRIAS SCBAT 45
ZIREE LB A M-T #h<k. WA 2(al) ATLIE H,
TEARIRTE RN (<20 K), RGN &4 3%
B T A RREARAET TR, £E 5—25 kOe W30
WSS 1R B & Bk A8 4k, 7E 35—
70 kOe ik b7 Bl P4 HH BLEFS 2 S WAL a8 B 5 ok
ks A1E 30 kOe #EWA T, REALTR R kA B
A, 2GS T — A5 Ao Rk
PG BRIRAR AL X S A B TE. R T A b g A AR
P, BT ZFCW B 1 M-T ik, i159F
2] T AR dM /dT-T jR 28, i 2(b) B, |
 2(b1), (b2) AI%I, LA 30 kOe BEM N B IR M43
R TEARY (SMINRE H < 30 kOe) MEY (H >
30 kOe) I M ZRERAEAE 7] L AU (A, X J& AFM-
FM FH7AS () SRR AE 22 — | FLi dM /dT-T fhkrh
F4) D8 (L 57, TT LA 8 %o 17 190 i AL A8 L BE. 181 2(b1),
(b2) MIEAEEPRZE KRB, RN T, FE B N
5 kOe M4 % 25 kOe, AFM-FM FAHZS TR M 18 K
FeARE] 6 K; fER T, Mg #3735 kOe 3 &
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70 kOe, FZASIRIE M 12 K FEIRH) 4 K. 52—
HATBA G R CR, AASERIETH
FETE— B R AFM-FM #3748, 1 30 kOe 53
TR M-T fh8 Rz SRR, b 75 & i
Y FrEAsR EEAR LR RE R BL G BIR, X 2R 30 kOe
(RS AN BB 4 v 1) SRR 25 58 G 78 Sk
3. Diop 45 U A5 M], 7E LaFe ,Bs 541 2 K
SERRBEAL 2, 4307 71.5 F1 92.5 kOe &b H B
P 1 3175 5 A8 W AR A8 T S 208 P B Y 5 B IR
PEALIR R ZE4E; Chen 45 P9 21 T Lag oNdy 1 Fe 9By
AATERIR FAEAE AT AFM-FM FAS L5, . 4%
G BT 2028 R SEER A5 SR AT, FEARIER T Lag
Pro Fe;sBs & & AEE RIS ) AFM 25 25 1
A AFM SAUEAE TR, HEG 2 FM 2SI 3
AARERTIAR, BN RS T 5 3 A 8 SRy HLA R
LIRS ) FM 25 45 2 > AFM SE8 T 4 T4
H TGRSR, FA8  FM S i is,
& 2(al) AT%N, BRfEFE 70 kOe #E3% T, ARIRFRAHY
LA G BIR, RIZE 2 4 AFM 75 1 oK 58 2 AR

140

9 FM 25, AFM(1) Fil AFM(2) Z )& 5 A7 AR % 78
KA, LS FM Z a5 A2 i Yy B e o 5 i o
TS BRI R K A S T BOm LIRSS . AL
WF5E A A8 B TR PR IR SE5S 2 A~ AFM 252 M
514 AFM SERS IR, BIILAS TAEN X
Flt AFM BHAEE T A EMIET, ENHEINMG5E
SN HIEAE N FM .

WE 2(al) iR, LagoPry FeoBg 24 75 5
XALFEILH 2 FM-PM FHARFHE. X £BHAE ZFCW
BT, AR AFM A7 3 i S B ) o8 4 A8
S FM 2, Z ) bl il B i i i A2 2 PMLAS. 4
F 2(b3) Fi7R, 78 dM /dT-T &R RRIX (= 30 K),
BInr g3 m) B R, iZIG 2 FM-PM AHAZ [ i
BURRAE, H T o dM /dT-T i 4P Ig{E (F/MA)
XTI I . 25 0L ER I, B WG M 0.1 kOe 3 2
70 kOe, T M2y 50 K Ftm 2145 82 K, Bl & &7
BRI N e 50 FM-PM ARAE, it
FetER 2 A SR R HA DL R W RERRELN, ZEwE T
VAT B H R A ) R Y

140

(al) —— 5 kOe (a2) —— 0.1 kOe
120 | o —— 10 kOe 120 F
e “ b %, —¥— 20 kOe
100 2 —— 25 kOe 100 +
i ’ p —< 30 kOe n
0 80| ¢ } —— 35 kOe @ 80
E | —o— 40 kOe E
L 60r —— 50 kOe L 60r
S ) —e— 60 kOe S
40 - —— 70 kOe 40 -
k
20 b kOe 20 +
0 b n ' . ' 0 B
0 20 40 60 80 100 120 140
T/K
12 1
—=— 30 kOe 0Fr g —=— 0.1 kOe
N . 1.0f ——35kOe | a9 —— 5 kOe
¥ T ——40kOe | T ~Lr —+— 10 kOe
f 5 0.8} —v— 50 kOe E ol —v— 20 kOe
| | —— 60 kOe I —— 25 kOe
B0 80 - 80
b » 06 —~—70kOe | = -3} —+ 30 kOe
g £ o4 g 4l —— 35 kOe
< < g —e— 40 kOe
=& =l& 0.2 =ls g —— 50 kOe
T|T T T —o— 60 kOe
0H —6F \ —o— 70 kOe
4 8 12 16 20 24 4 8 12 16 20 24 28 20 30 40 50 60 70 80 90 100 110
T/K T/K T/K
Bl 2 7 0.1—70 kOe M4MNEE S 1, ZECW £5E3L (al) M FC#E30 (a2) T LagoPrg FesBg & 4 ML I 3R B - 1R B (M-T) k. AR

WA R BT ZFCW B A e = th Y dM/d T il 6
30—100 K

(b1) 5—30 kOe, 2—26 K; (b2) 30—70 kOe, 2—28 K; (b3) 0.1—70 kOe,

Fig. 2. Magnetization-temperature M-T curves measured under zero-magnetic field cooled warming (ZFCW) (al) mode and field
cooling (FC) (a2) mode in applied magnetic fields of 0.1-70 kOe. (b1)—(b3) dM/dT curves derived from magnetization data of
ZFCW mode under different magnetic fields and temperatures: (bl) 5-30 kOe, 2-26 K; (b2) 30-70 kOe, 2-28 K; (b3) 0.1-70 kOe,

30-100 K.
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ML, 75 FC BT (&l 2(a2)), Lag gPro
Fe ,Bg A4 BRI A — A REA AL TR, X
FEAE PM-FM AHAS . 3 3R BH A 4 7 B L R v il
PM 5675 0 FM 55, BRI IR B IR AR 2 — 2
Ji, WARLHEEAR J) AFM 2%, LaFe ,Bg & HAth &4
SRRUREXE ey (VEE/E SN N NS ] e 20 o R n
T FM SRR BA TR 2z, BRI
SEPE, BG4 R HRER AFM 548 LR EER
FM 25, #H T M RSGERY FM &5 48 0 5 A aeny
AFM B2 5 kA AR RN #63% T 78 ZFCW
Hn I E] AFM—FM A28, Mife FC HhHImg
AE| FM—AFM 0722, 1646, R4E FC R M-T
M2k, trT A2 TR dM /dT-T 12k, FREAR
[F) 4 37 T AH N B0 g AH AR IR . 28 b PR, ZFCW
MFCH X T FM-PM M AL T 777 22 5, BD
FETERGE IS, H il A CAEAN MG i s
FUR B 2R RS, WORRHTE 9 K 24y, (Ek T
jC@j( [27] EF'% X&%Iﬁjj“j LaO.QPrO,lFe12B6 ééﬁ\ﬁg
14 K VUM La, ,Ce,Fe,Bs &4 12 KB,

mE 2(al), (a2) Fis, 7€ 100—140 K 155
ﬁilﬁ Ij‘], Lag_QPTQJFeuBﬁ %%EPEE*H%%@? PM
A, BT HARBEAEAR /D, AR5 4 S AR
B oL ek AR /. (H T a-Fe Fll Fe,B B9 Te 4391 4
1043 KB A1 1015 KM, FEAC T AR 00 5 35 32 Y L Y
RZE FM A, RMETER/ NN T, AR
WAL SR B, AnAE 115—140 K iR JE LB N, 5 kOe
£ 70 kOe Wi N &S MIRELEE R & T 0.1 kOe
W%~ WAL TR B WM, X R FM AW o-Fe
Fe,B #iALmZE R, HIHAEAHFIE 15.8—19.2 emu/g
Z[E]. X AR R AEA T AR R 2 iR 2 TS N o-Fe
Hl Fe,B AHBR AN AL 08 FE A DR AR .

BAh, MELE 2(al) HAGE (T < 10 K) . ik
(5 kOe < H < 30 kOe) XIHHZE AT, Lag oPrg 4
Fe;5Bg B A R AR B v T 2(32) e 115—
140 K I B2 Bl A A RE AL SR EE (19.2 emu/g). X —
M4 LaFe,Bs A M ILAAAERKES, &
HTERES FAT AFM &, BT E ZFCW
KA ARG A T Al B A o & Y. g2 3%
EU%, £ ZFCW I 12 o f2 vh , Lag oPryFe;oBg %é’z\
TEARIR AR T WS #E AL R E R o-Fe Fll Fe,B 4%
MR TTERAS, EEoRIE T4 4 FM & FAHM 5T
ik, B Lag oPrg Fe ,Bg A 4 B E LA Nl A & 1)
AFM &AVDEE FM SR AN, 7E 30 kOe 4

Y. ZFCW BRI M-T #h4k (K 2(a2)) H, R T
LAY FM-PM AHAE SN, ZEARIR R 733 A W 5
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1) M-H M1 Zerh, B EE = 6 HrR 28 A8 B i 55
R — 2R AE R AHAS R IE R T 55 40, Eomsg Mg 2
(] %) eyt 2 /. DR R T R TR T 5 4

150 127
(al) (a2) —=—0—70 kOe 7
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90 +
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~ T=2K ~
‘igo 30 \t}D 194 \
3 3
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—_g0l b decrease
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—120 } —o— 70——"70 kOe AM,q = 1.9204
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(b) () (d)
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b 90F b 90 b 90
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= 30 | = 30 =
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0 15 30 45 60 75 0 15 30 45 60 75 0 15 30 45 60 75
H/kOe H/kOe H/kOe
B3 BT AR S 7 B A A S TR R BE TR AN 3% 5 2 45 TR G AL 5 BE - RE 3 (M-H) 12 (A M R Jin 37 FLiB 3 22 1] 1 e A 3 32 22
AM,, HVHBEAREZ)  (al), (a2) 2 K; (b) 5 K; (c) 10 K; (d) 10 K; (e) 30 K; (£) 40 K; (g) 50 K

Fig. 3. Isothermal M-H curves measured under increasing and decreasing fields at different temperatures via discontinuous method

(AM—the difference in magnetization between adding and removing fields, AM,,,—the average difference in magnetization):
(al), (a2) 2 K; (b) 5 K; (c) 10 K; (d) 10 K; (e) 30 K; (f) 40 K; (g) 50 K.
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H AFM A8 5 FEREAG, Rt AFM-FM AH 7S 32 ¥
94k, {0 30 K IREE N S REAH AR FAEA LT 20 K
TR A 2, HELRERE KT 20 KREERE.
RAE 30 KIRE T M-H MR w598 i w15
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/N, HASWEARAS RS IR 55T 20 K, DA A Bt 3 B T v
G4 AFM &5 /. B, 30 KRBT iR
Ui AR T AFM-FM 175,

Kl 3(a) 1 2 KRBT 70-0—-70—0—70 kOe
WG I NG M-H Ih AT G X RS
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Fﬁ%, i 3854 E/‘Jﬂ'%, Lag gPrj Fe9Bg %i\ﬂf*ﬁﬁ
5 kOe " WIREIRZAS B2 it jE AFM—FM—PM.
WA 30 K K H DL B — @ B B9 FL Y, Lag
Pry FesBg & a4 F FM 25, WA 3(e) AN %
WLEEF B 0 R R4 (BEs SRS 2 M, FLRETR
JE B T = i B K, A&l 3(e)—(g) Wi, 50 K Y
M-H & M AEAE#EY 5% PM-FM AHASFEAE, 5
LaFe,3 ,Si, & 4L 181 53 s6 45 B 55 73k W 78
30—50 K JufIN, A MRpREN 202 FM Al PM
PHR GRS, PIARZEAE— MG B . I,
MG I =R E FYE S, 4 k4 PM-FM
FHAZ, HLBEREE T, G e iy PM S He 3 oK,
A REAR AR FRIE B S, R UL TG K

giag ERMER, TS ZFCW il =0T
Lag Py Fe1sBg G 4 G -T0 5 RS AL,
K4 . Horp, #3155 AFM(1)-FM7E2 K T
(%) He A2 N SE IR AL I P3RS, Ty, Taos To
KIEFE 2(b1)—(b3). AILLFE i, & SMINfE 1
R, To JLF LA 0.48 K /kOe 13 R 28 M i 7] 125
REE SN, M, Ty Al Tao 23 AL 0.48 K /kOe FlI
0.26 K/kOe 1Y H R 281 IR 3. K] 3(e)—(g)
(TR TE & 4 v (o2 R X sk BRI A
HERf MO B R X IRTE L, PR Sk R 26 3. X F
AFM(2) M7, AELL LI 1 DX IAL T/ F IR
ZRARAS, BEURLEE M RRAR, fRBRIL A e VRES 1Y S T
B, ARSI AR (T =2 K, H= 70 kOe),

80

70

60 F A Ty experiment dot

- TNy linear fitting line

50 M ® T\o experiment dot
é " -?M+F — TN2 linza}r fitting line
FM & T¢ experiment dot
30+ -~ T linear fitting line
Tentative line
20
\k\\‘\\\* T
0 10 20 30 40 50 60 70 80
H/kOe

B 4 LagoPrg Fe ,Bg & 4 W4 37- ik B2 e A &
Fig. 4. Field-temperature magnetic phase diagram of

Layg gPr FesBg compound.

3.3 (TShET{L

AT R, 3 E O T R BE W5 5
— RN A SR E S5 S AR L (FR ), 3k
PIE A . X PR A AT S B AR M-H iih
2 g AL B 1) 8 SR B BR B K AR I BRI AR
[l 3(a) fioR. R T Lag gPrg Fe;»Bg BB TERE
RS KA AR & ARG b SRR A, 2l
S AN T 345783 XRD k. 1K 5 hZF Y
TR N E BRI AR FREF XRD i, H
&5 AT, SRR R E 55 KO, B3 b i 3
FIATETIE (1, 2, 3, 4 A1 5 FR{EAL). BARAE S R
SrNi,Bg BZE EAHSL, B A 10% A4 1) Fe,B
il a-Fe W28 0, (Al TX R 2240100 T ¥3AER
W, TEAR TAEFT S I B A XRD I R E
A B ARG AR S 5 A AR, TRIBLIE 5 s BifiT
Sh 0 B % PR SNy B B 45 # 3 AH AY 45+ 75 1k
sE A M R AR S TP R A IR S

Intensity

13 15 17 19 21 23 25 27 29
Bragg angle 20/(°)
Bl 5 Iy ARG S RS H AR R S 1 XRD 1%
Fig. 5. XRD spectra of the sample cooled from room tem-

perature to different temperatures.
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(a)
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AT o BT SR (EAR I, P v (o 20 5 5% i
B R AT SR E. WA I, ERSGAET, 4
L8 T e I, TR AT SR U iR B B M AR, LAY
MARBE AT 5817, W= T 50 K e, JEAMELL A
AT AT AR, I 4 TR B ACR AR AR, X
SR S8 — 2 A 30 kOe #E 5, TEARIR
DXAH [ B2 25 1T, SRR AR A S i B2 ) S 3 K, 7
60 K FHm AR S e ARAT AR B 2., 2Dk
SETAE 60 KRB U MNYSMG (< 30 kOe)
RIVATF5 G A AR R AH A, 5 e — s R
AR

IR BRI ARARS, ELLE SRS B 1 7
O KA S B T e b, (HA] LUE X XRD
R AR AT S 0 RS A, TS A W] BRI TR
G AR ST 5 A R AR L. R 1 TS AN
T (300 K, 0 kOe; 40 K, 0 kOe; 40 K, 30 kOe)
T, BTSRRI FOE. R LA, AR
BN La/Pr #l Fe 515 (A ARREEE, 16 B )
T A BORAE AL, AT AT RE 2 BOR TSI
W) EEN R, FEARM o] it — 20455 0
BT DIERES RN

(b)

Intensity
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LM (30 kOe)

13 15 17 19 21 23 25 27 29
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B 6  LagyPry Fe;sBg & 4 75 ZECW # 30 F 19 Z 7 F1in3% XRD #, Hb (a) 60 K; (b) 40 K; 777 5f 08 & - B 45 (£ &1, Hovp

(c) 0 kOe; (d) 30 kOe

Fig. 6. XRD spectra ((a) 60 K, (b) 40 K) and temperature-dependent diffraction intensity contour maps ((c) 0 kOe, (d) 30 kOe) of
Lag gPryFe B¢ alloys in ZFCW mode with and without magnetic field.
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# 1 G4 SeNijpBg Z5H ERITEA R FRE P A I B

Table 1. Atomic positions of SrNijyBg structural main phase under different environments.

300 K (0 kOe)

40 K (0 kOe, PM and FM)

40 K (30 kOe field, FM)

Atoms  Site  Fill

T Y z Y Z T Y z
La/Pr 3a 1 0 0 0 0 0 0 0 0
B 18h 1 0.17978  0.82022  0.06178 0.17538 0.82462 0.08121 0.14972  0.85028  0.13183
Fe 18g 1 0.36916 0 1/2 0.37055 0 1/2 0.37107 0 1/2
Fe 18h 1 0.42487  0.57513  0.03504 0.42418 0.57582 0.03553 0.42500  0.57500  0.03855

Note: PM—paramagnetism, FM—ferromagnetism; z, y, z—three coordinates.

@) 140 f (B) 140} =46 K > 66 K — T4 K ©) 40l
pannaRsIs; —— 50K —— 70 K e
120 1 e 2K 120 Fa— 54 K y 25 |
—~— 58 K
~ 100 —~—6K ~ 100}, oK ~
7 —— 10K T 720 i sepebots
x o k| F sl «
£ e0f —— 18 K £ 515- - 90 K
N / —— 22 K N 60 1 = —— 94 K
S 40t —— 26K S ol -l 5 10p 98 K
20l - 30K ’ —~— 102 K
—— 34 K 20 | WEaAkssEs 5r — 110 K
ot —— 38K N - - 120 K
—— 42 K o 8 2 —— 86 K Or —— 130 K
270710 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

H/kOe

H/kOe

H/kOe

B 7 BT HESHENSOARRIRE TSR ML (a) 2—42 K; (b) 46—86 K; (c) 90—130 K
Fig. 7. Isothermal M-H curves at different temperatures obtained via continuous method: (a) 2-42 K; (b) 46-86 K; (c) 90-130 K.
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TIm#AE] 6 K, AR5 R E, EE XA R, H
F 5 140 K JHEE FAY M-H th<iml&. & 7 0l
I, E 70 kOe, 46—78 K M4, &4 %AW
MG 1755 PM-FM AHZS, 20 B ¥ BB 3 98 T
LaFe ,Bg BF54: P, X2 T RH—E &/ Pr &
fX LaFe;,Bg 119 La e A RUFEAL PM A1 FM 25
Z I3, R RAERARWE S T BRI AT kA A8
FHAZ.

XoF I s 785 o e i 2 R A2 i A A B B 1) Ak
MR IEATERMESME, WSS AR B Rz i N AR
FHAREY) He. WA 8 Fiow, Bl B TS, He DA
1.45 kOe/K HYHRENER K. F AR
60 K T He N 32 kOe, 51K 6(a) 4558 —3%.

BT 7 SRR BB, X 1A

TR (ASy ) it Maxwell J5 g4 44

ASy = ! /H2<M2—M1>dH, 0

(T = T1) Ju,

o Ty R Ty 43510 R PR 2% S TR R A i 4 68 7 11 I
B Hy U Hy 5350 AN i dse/IMEL R i R A My R
My 53 B PASIREE T AR R B R AL s BE . SR,
A (1) A 4 K IBE T —ASy #H K, X
TR ELME TR B2 K DIAMNEAER

60 | — Experimental line
— Fitting line

50 F

40 +

HC/kOe

30 F Heo = 1.45H —54.99

20

10 +

45 50 55 60 65 70 75 80
T/K

Kl 8 PM-FM A2 A28 I 5 1 3 (He) B (45—
78 K) Az A ik

Fig. 8. Critical magnetic field (Hg) of magnetic field in-
duced PM-FM transition as a function of temperature from
45 to 78 K (H—magnetic field).
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(c) 18, 20 K; (d) 20, 22 K.
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Magnetic transition, X-ray diffraction spectrum changes,
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Abstract

In order to clarify the metamagnetic transition properties

and corresponding crystal parameter

characteristics of LagPryFesBg alloy, as well as the accompanying magnetocaloric effects, we study the

magnetic phase transition process of the alloy induced by magnetic field and temperature, and the

corresponding changes of X-ray diffraction patterns, and conduct in-depth comparisons of the magnetocaloric

properties between different measurement modes. The results indicate that the Lag¢Pry Fe;sBg sample mainly

consists of about 90 wt% SrNi;,Bg type structural main phase and about 10 wt% Fe,B and a-Fe, which are

consistent with those given in the reference literature. In the zero-field increasing temperature process, the

magnetic state sequence of the main phase of LayPrjFe;,Bg alloy is antiferromagnetic (AFM)—ferromagnetic
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(FM)—paramagnetic (PM); in the isothermal magnetization process, three types of magnetic field-induced
metamagnetic transitions occur in different temperature ranges, namely, two different transitions between AFM
and FM states at low temperatures, and a transition between PM and FM states above the Curie temperature
(Tc). The corresponding critical magnetic field (Hg) is much lower than that of the LaFe;yBg parent alloy. On
the contrary, the main phase of LajoPr,Fe,Bg alloy exhibits only PM-FM transition. This indicates that after
the alloy transitions from PM state to FM state in the cooling process, even after the temperature drops to a
certain value, it will not transition to AFM state. Similar phenomena also exist in other alloy of LaFe;,Bg
system. Based on the Néel temperature (Ty) and T obtained from the ZEFCW mode M-T curves, the magnetic
state phase diagram of Laj ¢Pr( Fe;y,B¢ alloy is plotted. The results indicate that as the external magnetic field
increases, Tc moves linearly towards higher temperatures at a rate of almost 0.48 K/kOe. Conversely, Ty; and
Txo gradually move towards lower temperatures at rates of 0.48 K/kOe and 0.26 K/kOe, respectively. The zero-
field and field-variable temperature XRD patterns show that during the magnetic transition between disorder
and order states of the main phase in Lag¢Pry;Fe;sBgs alloy, there is a phenomenon of magnetocrystalline
coupling. As a result, in addition to the original diffraction peaks of the main phase, some new diffraction peaks
that are not observable in the PM state also appear, and their intensities increase with the decrease of
temperature or the increase of magnetic field. Through Retveld refinement on XRD patterns under different
conditions, it is found that the atomic occupancy rates of La/Pr and Fe are very stable in different
environments, but the atomic occupancy rate of B varies greatly, which may be the main factor leading to the
appearance of new diffraction peaks. In addition, in the temperature dependent magnetic entropy change curve
calculated based on isothermal magnetization data in continuous measurement mode, a large magnetic entropy
change can be observed near T¢ due to the magnetic field induced first-order metamagnetic transition of PM-
FM. For example, under a magnetic field of 70 kOe, the maximum magnetic entropy change near 50 K can
reach 19 J/(keg-K), and the relative cooling capacity is about 589.1 J/kg. However, under the same measurement
mode, the expected large magnetic entropy change due to the AFM-FM metamagnetic transition is not
observed. But, when wusing a discontinuous measurement mode, the large magnetic entropy change
accompanying the AFM-FM transition process is also observed. For example, under a magnetic field of 70 kOe,

the maximum magnetic entropy change near 8 K can reach —12 J/kg-K.
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