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H E

AXEEGFAT &BRBHAMEIMn-Fe-P-Si# K & T2 R BN, FIRKAFBOCTIIRE D BRI
Sitf AR = B Micat Ji_EYTARMn-Fe-P-SidifiE. 45RRE, FERIMESIHR L& K EEZ IS
B, EEMRE, XWHEHTMn-Fe-P-Si5HEEESHFEERLSER. MAEREMicakt € L
Mn-Fe-P-Si#iRT R RS ABURHELF. Bhoh, ASCERTFMn-Fe-P-Sidi iR H) 45 S AR 1 B8 538 K
BRI R R BRTEIR KIBEMKT1000°CH, Mn-Fe-P-Sit 45 & BEBUR, R AURE M AR A 22 .
LB KIBEIEE1100°C/5, Mn-Fe-P-Si#fE7E /455, HRIL RIFHBMERE. 1830H XMn-Fe-P-Si
BT HIBT SR A R TR AR IR RS, W SE R LR BEEIR R .
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Abstract

This paper mainly focuses on the preparation and the magnetic properties of the metallic magne-
tocaloric material Mn-Fe-P-Si thin film. Pulsed laser deposition method was utilized to prepare

SRR .
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Mn-Fe-P-Si thin film on stiff Si substrate and flexible Mica substrate, respectively. The experimen-
tal results show that the thin film deposited on stiff Si substrate displays remarkable pores and
poor continuity, which could be ascribed to the mismatch of the lattice parameters between
Mn-Fe-P-Si and Si substrate. While the thin film deposited on flexible Mica substrate is homogen-
ous and dense. Furthermore, this paper studies the relation between the crystallinity of Mn-Fe-
P-Si thin film and the annealing temperature. The results tell that the crystallinity of Mn-Fe-P-Si
thin film is relatively poor for annealing temperature below 1000°C, thus leading to low magneti-
zation, while a good crystallinity and magnetization of Mn-Fe-P-Si thin film can be achieved when
the annealing temperature excesses 1100°C. The study of Mn-Fe-P-Si in the film state could pro-
mote the mechanical properties of magnetocaloric materials and provide theoretical support for
future applications.
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1. 5|15

WEHIAEEAR BT IR, JRe. G, @RAIR R, 23 T2 OGEL] [2] [3]. WEHIA 2 RA
FAREAHA R R AR S B A 00 B 0, AR SR R i it s ey, AR REE R A
BIFHEH, 5B A AE T = R 0 L, AR N S MR A B R AR, AR F 5
MR AT 5, DLMITE B HIA T H . B rT WL, #ERAMORHERESIA B R P H B A, AR
Fl A R S AR — B2 4% A SN B IR

SRR R, AN TR B = R R LA R L ge A 7 N B4R, i B A =
TR RO M2 RE T o BRI RIS BRI AR AR IR R 580 SRR X, S HAE =R N RURAHI ¥ 6e
D392 R J e M B R AR B B AR, IX KA B TR A H AR BURAL GefiliA 77 20, (e kSR REVR R R
N RS R ESR, BFFEN 5 T R R A PR, S — TR AR e s s B
MBHAHAR IR S . S IRMLS R R AR 2L, AT HR S R RWERE[4].  H BTG CHL AR BB 5T 32 22
P F LU =AM R : 1) Gd & HALEI[5] [6] [7],2) LaFeSi & &4:[8] [9] [10] [11], 3) Fe,P &4 4:[12] [13]
[14]. BRI RIX LERE ARG A F ZAPRA R, PR EHE B I B AR — R 51 9] 4,
ol 01— S R AR 70 B B 2 SRR R A R A S R A A e B o A TR 45 P BT AR B B AR, TE 2K
W BRI, BT T AU R, X E RS T X R A B S R R AL S A
o BEAh, N TR ERER A MRS A IR 2 TR PSS B AR, SRR R AR 75 B R A AR I Tk
HRR, WECIRSETEAR, WESREEHIA MR R A RIS 1. [Rlth, BRI BT A ) 4 B2
A BT 5w AU B AN AR e 1 . Y. Liu 25 A [15]3038 1K REHFARE Mn-Co-Ge-In il £ /i — 4 i,
R R TEA W] KRR AR PR & S TR SRR, HRIRORFF T — RS AR, AR S
PUAM B . Btl, R SRAR R AR SO I A2 T MEARM R 2 DhRe LA, il B AT T A
AR RE 3T A A 11

Mn-Fe-P-Si 44 2 B T JSURMMAS B . J 440 70 3 1 DR TTT ELRE #0300 36 1o S R s E T3] IR 2Rk
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[16] [17] [18]. At ¥ Hefk Mn-Fe-P-Si #4 L & BB LA, B 7B Mn-Fe-P-Si #BHG TR T2
FEYERE, 1 FOR A RT3 Mn-Fe-P-Si PRI ERE, LS AL S AL ER 1R LA
2. I
2.1. Mn-Fe-P-Si JEBE A&

PLMn. Fe. P, Si a4t AR N ERL, 38 HIUE R IR 77 V5 25 R 2E BE 1 Min-Fe-P-Si & & 8084 . BEJS
T kO TTRR B AR (PLD)FE Si-(111)F1 = BE Mica BFFAS A4 Ji L il & Mn-Fe-P-Si /i, Wbt s
FA S35 260 md A1 3 Hz, A E 9 500°C, #EIEEEY 5 em, JURART[E]Z) 40 min, 1G4S 3 ) v
JEFES 100 nm. Ry TGt IR AL, EERTTRIE R, IR — B S ERES, AT
107" mbar. FERETIRRHE, AT A A FAH S E BT BB, BSOS B hidtir &
2R KAREE, B KRN 900°C~1100°C, R KA 10 /N
2.2. Mn-Fe-P-Si G54 BE R AE

K 7 HE X ST (X-ray diffractometer, XRD, %5y Panalytical Empyrean)X [ ) i 4 45
FIREAT RAE, FF 0 A i A KA . R R T /) WU (Atomic Force Microscope, AFM, #1504y
MFP-3D-SA) AL £ 4 fE it {X (Energy Dispersion System, EDS)f4# Hi 1 & i34 (Scanning Electron Mi-
croscopy, SEM, JSM-ITS00HR, JEOL )i B R AN T R Al o A 22 ZhRe¥ Itk I & & e (PPMS,
Quantum Design, Dynacool)#&#% (9= B0 FE G am v (VSM)II & T K¢ i RGP B .

3. ZBERE5ITiE
3.1. Si-(111)# & _ENFR Mn-Fe-P-Si &

K 1 4 Mn-Fe-P-Si # 54 KAE Si-(111) 44 ) XRD &t . 4n B Fior , £ 1000°C 3B K ) Mn-Fe-P-Si
MELE(200). (111). (210). (330)5FUEAL AT . 45 Mn-Fe-P-Si IF5i#E PDF < FxftbfE, K&
AR FIRT AR AR A E WL 124, IR 1 R, %A T RS i T 5 4 R Sk S8
KEE, MIEDTAR IS R 51 R 7] 5 SO Sb ks K AR I -

= MnFePSi/Si
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Figure 1. XRD diffraction pattern of Mn-Fe-P-Si thin film grown on Si-(111) substrate after annealing at 1000°C
& 1. Mn-Fe-P-Si SERRIRARTE Si-(111)F R EFH 1T 1000 CIR A /EHI X SHELITH B
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Table 1. Comparison of actual measuring XRD peak sites with standard peak values of Mn-Fe-P-Si/Si(111)
5% 1. Mn-Fe-P-Si/Si(111)# 5 XRD MK & SHrEE Tt

(200) (111) (210) (330)
P 32.9° 38.1° 44.2° 97.8°
FrifE 34.1° 39.6° 45.7° 99.4°

BE 5 AR Si-(110) 4 FAE K1) Mn-Fe-P-Si W iiE1T AFM F1 SEM JESRAEF T E 40 AR 404, Wl
GG R HanE 2 FE 3 Fros. AN 4ETE S vl LLE BITE Si 4R A K Mn-Fe-P-Si R 5 3L HS 1 5
[ doRE AR, HARL 2 [RAATERCR S B, X B S AEMUT 2 WA — 5, Wil 2(b) s, B
7E Si 41 L AE K1 Mn-Fe-P-Si i /R 2SI A . 5] 3 (1) SEM B F L 2815 AFM FUITESH
BV RS AE 0 40 DX H ISR, 1 AE LR 40 XU 58 4V 2 . EDS J6 3% 43 AT ) . 77 118 16 B 5 4 ) X
Mn. Fe. P. Si %n&g RIS 04, MAEZ BRIHT AEIERE R ER . X v B2 B Mn-Fe-P-Si i
5 Si #H R S A R BRI K BB RIS 7R, R ERIUNEE A ESE, X5 XRD Bl i)
VAT B AHIE N, o DRI, B2 R SRFRATR A b 2R e B /MK 5 BF Mica 7E A il % Mn-Fe-P-Si F#JE

() )

Figure 2. AFM image and ordinary camera image of Mn-Fe-P-Si/Si(111) thin film. (a) AFM image, (b) camera image
2. Mn-Fe-P-Si/Si(111) AFM 13 R BB F 118 : (a) AFM 13388 (b) ZBHENIAE

Fe Kal

Mn Kol

50 pm 750 pm

Figure 3. SEM image and EDS images of element distributions of Mn-Fe-P-Si/Si (111) thin film
3. Mn-Fe-P-Si/Si (111) SEM #33##1 EDS T&H 7R E
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3.2. Mica # Il§_EIFR Mn-Fe-P-Si JEE

T Si 7t _EVTAR #) Mn-Fe-P-Si J 5t I AN IESE I 5, 335 T SR 30A 1K 32 BRI 78 i 2 lE BN
Mica {F At H1l 45 i) Mn-Fe-P-Si G PERES 3. 2 SE BRATHF 7T 1 3B KL FEXT Mn-Fe-P-Si ik fr) 45
FRNTESRE A . ] 4 NASTRDE KR B 7E Mica 4o i A K 9 Min-Fe-P-Si 5 () XRD i . 78 it
ITIB KRS, XRD fi4t i R Bonth Mica R IRIATSIE, BEATRSES . IR KIREE 900CHS, 7E
40° /e A ML T — MR BB, B IR IR FER EREETAR A, 2R KGR BEIA B 1100°C B AR 4R
WAL, SIMFERTE 60° MR B T B HIAT G . RATEATE IS S4rdE PDF R A SHRATLLE H, B
T Mica JEFr FIRT S A8, 7E 1100°CIB K5 ) Mn-Fe-P-Si JIE HUEL 1 V5 (111) . (220) ¢ T A AT S i

Intensity (a.u.)

26 ()

Figure 4. XRD diffraction patterns of Mn-Fe-P-Si thin film grown on mica substrate at different annealing temperatures
4. Mn-Fe-P-Si/Mica ZE AN EIR AR E T EY XRD {753 El i

Kl 5 il KT S B AR LA SRR Ty, T DUR IR K BT R T 808 . Y5 AR SR
5T 1B K2 G MR TIRIRI5), A HIALER . Bl 5 FAT AR S EEAT 7 =k B2 AFM R TES
4, AR wE 6 Fon, E(@)~(d)7rmhARE ke GBI 900°C . 1B KIS 1000°C IR Kl E
9 1100°C R R ISR . WEIRRATITEUE H, £ Mica #iE_E A KB Mn-Fe-P-Si 15 2 3135 5)
OyA, BURER, I TE SiAH R EAKKER. BEIR KRR, AT IR R ] iR
WK, 7E 1100°CH AR A /NER] 10 pm 247, RIVHBARLF 045 S

(@ (b)

Figure 5. Surface images of Mn-Fe-P-Si/Mica thin film before and after annealing, taken by ordinary camera, (a) before an-

nealing, (b) after annealing
[& 5. Mn-Fe-P-Si/Mica BRIR A RIFFREEN, RE@EMEIIAE: ) BAR; (b) BAE

DOI: 10.12677/ms.2022.1211120 1084 PR R


https://doi.org/10.12677/ms.2022.1211120

pm

() (d)

Figure 6. AFM images of Mn-Fe-P-Si/Mica thin film at different annealing temperatures. (a) as-deposited state, no anneal-
ing, (b) annealing at 900°C, (c) annealing at 1000°C, (d) annealing at 1100°C

6. Mn-Fe-P-Si/Mica SERETRIR MEE THI AFM $3H[E: (2) RIBA; (b) IBAGEEHR 900C; (c) BAERERA
1000C; (d) IBAGREH 1100°C

IATHHE Mica A JE B4 KA FIR KB R (1 Mn-Fe-P-Si IS BE4T T REMERENNR, W& 7 Fiow,
535N () BEAF R TERE,  (D)IR JKBELE 900°C ()i K IELE 1000°C B Fry R Bl B2 AR Ak it 2% . |1 1] 7(a) vl
K1, Mn-Fe-P-Si & &M IR, BA RIFHIRNERS, RIAHASIE AL T 270°CHE . 24 & Bud ik s
BB PEAE 900°CHE, Mn-Fe-P-Si FRIRETEREE 2, FEARA Bontidte, X 7T A i 118 R B R
Mn-Fe-P-Si 5 R 58 445 S A . 243R KR BE T 1000°C 5, Mn-Fe-P-Si 3 A #¢ i i 45 i 5, DAL 55
AN IR, SIS R AR RRAE . AR AR R AR IR K ZI7E 300°C, U ER AR A AR
TLE R Ry, X RTRE SR F T VS £ AR MR A R SR R R AE ORI R AR AE D B R R 2
FEUHAR S R o
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Figure 7. Temperature dependent magnetization curves of Mn-Fe-P-Si/Mica thin films for different annealing temperatures.
(2) bulk target, (b) annealing at 900°C, (c) annealing at 1000°C

& 7. Mn-Fe-P-Si/Mica SERAE A RIR A EE TR E T Lz : (a) BR{KELHT; (b) 900°CIRA; () 1000CIRA

4. #hig

AL FE BRI T LENIME Si-(L11)46F i BA K Ze M = B Mica 4 Jc L il % Min-Fe-P-Si 78 5 (1 26 KR BL K
HREPERE . SZIRLE R HIZERIME Si A LA K2 22 Mica #f JEE L8 s Th il 4 L 4l AH i) Mn-Fe-P-Si Ji5, {H
15 Si ffJR A3 B S UL AL, AR, MTE Mica 41K R13 2T R A5 HEUE
PEGE . IEAh, Mn-Fe-P-Si 15 1 45 & PR AN PE B S5 0R KCI BE %5 UIAE O¢, 7EIR KR 2K T 1000°CHY,
Mn-Fe-P-Si il 45 d BERAIK,  AHM FREPERE L 2 . B KR LA E) 1100°C f5, Mn-Fe-P-Si 5 78 43 45
bn,  HARIUH R AF R e o

B O

JEUHER AR 22 TS AT S (AR Co i 5, [ AR v S AT X AR FUAR LA B SRy o i B I
RANEE GO B TESE I 1) R R 6 A2 9 508

EEWH
AHEFZ R T EH R PR AR O 2RI H (202110287146Y) 4 27 S FF .
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