Y] 32 % 3R Acta Phys. Sin. Vol. 73, No. 22 (2024)

227301

WA #E ok iht
WA

KRB

ZRE KRX

#®F Rt

(BT, MR S BHEORE 4 i 983, il 430070)

(2024 4E 5 A 17 HYE; 2024 4£ 9 A 24 HEMEHH)

ELA 0 5 H B A2 P B A A b IR R R v 28T PN B R ) S R e L o AR ) P OB M R R R 24
SHC 7 Y ) L AT AR TR A AR R AT AR R T A — Rl AL 2R A R PR RE AE s O T AR R I A
A 0B Xt A R i 3 i A R MR ML, ARG R B T — R ER S 4 - 24 I B R - A R A — Ak i R Y
i, R4 T — 25 Fe QUK BLFVE ] 55 AR aFe/BST /R0 IS 24 i 0 Wi 105, I 8 SR 98 7 A 1
FA VR FH B H o v P R RE (R S i ML A WFSE & R, aFe/Big 5Sby sTey (BST)/F M N5 B e i 99 Ji b A7 7
1E . GBI AE Y PR S ; BST(0000) £ 4B 7 5 IEREFH (MR*Y) 22 [8] 52 1F Fb ] 56 28 I 385 0 B el 3 i 1 el
TR R TR ARG Fe G0 RRLF Jay 5 4 6 1) e AR DG BU ) S G REL (MR ) 233801 Seebeck R 4. Pt , %3
WS Fe/BST /PR A NG B0 i 7 WS A Sh 3R I 7155 1k 2.87 mW/(K2m), 5 BST /PR B IR P e w4 LL, #2755
T 78%. X B2l LW AR R IE L 6 R BEL B AR AR ART R R R R P L R Seebeck ZR AL ]
A KR, 0T LA RE AN RRL 15 3 000 5 AR 5 4o 1k BB AR A 1 4 AL

SR p A BiyTe; SEBGRREWIE, Biss (o 50E, BB, e e

PACS: 73.50.Lw, 84.60.Rb, 85.80.F1i
CSTR: 32037.14.aps.73.20240701

1 5

B P T AR AR A PR A, el
A 8 R ey B SR T P 1 R G R e AR T R
HH T AT %) R — 3. R T T 3 Tt 258007 14 A e ik
TET P Al ¥ B2 A AT B O FL 1 T s AT A TR B
Ry ey e SN SIS EIFAT R Y N NI EER TP
P BB 2 ] 249 AR 32 U A R 2. R r bt
BHY P BOR Y E T I NHGLEREILE 2T =

i

DOI: 10.7498/aps.73.20240701

oo T/k, i o, o, THI k 5351 /& Seebeck RAL .
LS80 200 B AT 3. i s MR U E T
FHF o?o. BRI, XEESHAMHEINEG S RBOELL
R MR AR R 2T ARk, FE AL U
WAL BRI VR EE | IR Fe TR S5 A AN o
WU S 2T O e Us T — e Em g b e 8 (0
SRS S AT R L AR T 0 A F A R P RE 1Y)
TG RIN R, g 2% T2 B AR AR L P e 1Y
ARFIHZE. SR, [ 2017 4F Zhao 45 19 % BLRG

*EREAPER TR (S 2023YFB3809400) . FEK A ARIEES: (S 52130203, 52102301, 52102298, 52172232, 92163122,
52202034, 52201256) ., WIALA HIABIFEIES: (HEHES: 2024AFBS11) Al AR 2 5 0% FHIERIT 3L 4 (S 2022B1515120005)

BT B R
# [a| BTk
T EfEEH. E-mail: xiaoleinie@whut.edu.cn
1 BIEYE#E. E-mail: wyzhao@whut.edu.cn
© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

227301-1


http://doi.org/10.7498/aps.73.20240701
https://cstr.cn/32037.14.aps.73.20240701
mailto:xiaoleinie@whut.edu.cn
mailto:xiaoleinie@whut.edu.cn
mailto:wyzhao@whut.edu.cn
mailto:wyzhao@whut.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 227301

BaFe 50 48 K0 T 14 HEL F RN AT LA R840 il
AHE PR R X R P RE S AL, BIIREEYE Fe, Co
NI GRL T A 1) HL T 22 FE O 2800 1) AT LB
ISR R RE. [ UL, RSO R IR R R A AH G
i IS RN NG SE SE R S s ik = S i
IR AR AR 2Rt IS 381 T W O s B M RE B
%, Win A BiyTey ,Se, 1 Fl p Y Bi, ,Sb, Te,'> 14,
FI, S5O s A P B M RE 1Y 7 Fh AR -RERR &
RN SE JE Bk R BTk gk o) A, WA R T
Col'o 1 Nil'7) 15y Jid () o S e M R L L SE IR
PeARAE. SR, LE T 3K SO RGP B SR O 1) $A R B o
PEREM 2 # RS X5 b, BEVEVE T BT Rl
TG RE T F H - P L fr S T3 H R AR, A
T 5 | RS 1) 19 R R S RS %o A i) A Pl 50107 1Y) BT R
CLBl ) vz 4G, (AR R A 1 EAH DGO anfar 14
PG\ 1] PRS0 HP FL A AT Ry 1 AN T A 11822

g TGN ) FRH 5007 Fp R N L L B E
Z ARG T 20, ADFSEAE BST/H &R s A
W iR A SRR RETE Fe 90K BT 1E MG T B
Feot, IS AR BEYLAY SR RERE . s M Re T
FER IR, Fe/BST /ISR B FA H 17 18 165 22 18 B 3
R AT 5k 2.87 mW/(K2m), it T EARIE K
BiyTey- &P H B (. #E2F KR, Fe Jo3i
i 3 5 5 FL R 22 B 1) [ T A G B 1 i A P
WY Seebeck AL, i BST(0007) HALHL M3
KH A G, AN, E Fe/BST /FRE M g b g v
JEirh, B BST(0000) HALH 53 0 IERERH (MR*)
5 A BEARSC (SD) B 155 Ryt (WL) 2500 155
T AR (MR) AS A8 UE B 0T [F] B A7 7 8
AT B B N ) BT RREL. A S AR R T
BST(0000) UL R+ 5 MR Z I E2E KR,
SR A 07 e S PN 1 R DG IO R AR AR BRI T 52
Ll 1 5/ S R A e e R v o ey Ak 7/ B
B

PGSR %, ¥ — 8 LI FR & BST 3
Pk IREM G | EER L AR AR B, I A
AR A% T ED R A L SRR 1) BST #4545 4 F
TRRE. BiiiE (120 H) 3645 BST By 2) HATE
S EREALH & R 5 FIR 2Fe/BST A4 (2= 0,
0.1%, 0.2%, 0.3% F1 0.4%), 7§ F Fe 44Kk 1 R

sH297% 100 nm; 3) ML FEAR IR A 2Fe/BST
KR OB F A g K HmE (RERAR) . F 3o
SUARHF (L5 | 2-2 3k 4- 1 JEmkms (fE4k3)) A
TG H W (FRES); 4) 85 S EETid A HL/
T A HRL, 15215 AT ENR oFe/BST /3R,
WA AL

Fe/BST /&M B iR il 4. SR FH 22 W Ep i 7
22, 4 aFe/BST /A i I SRR B Rl 7 JE 1
292 125 pm B REEEW AT IS L, T i £ aFe/
BST /AR BEH L RERERR; SR TS, PR A
il ) AR B B X AR FR R VR RS 1 A T ]V T A A 3, 45
#| BST fpi A (0000) BALHLA Y 2Fe/BST /3
SRR I A B, L v PR R ) TR 24 R
60 pm, K574 4.0 mmx20.0 mmx0.06 mm, H.j#
PR T HAT B B & Jm G, A TSR, J5 X
¥ Fe-NPs#B AR N 2 =0, 0.1%, 0.2%, 0.3% #
0.4% ) aFe/BST /¥ S i H1 HhL #1843 1) 5 44
4 Fe00, Fe0l, Fe02, Fe03 fl Fe0d. 1A, HIFER
Fe 3L (0000) FEALBUR N oFe/BST /5 i
PR IS T AR (MR B9 STk, ASBFE 3 aof ik
AR R S RIS AN R R R R 7 (F) {8, 4 17—
50 0] L2 R (MR) # BST /3RS i 44
RSN, 143 51h 0, 4, 8, 12 1 16 MPa FYAH
FE A 0Bk Ay 4 H#0Fe00, #1Fe00, #2Fe00,
#3Fe00 FI#4Fe00.

aFe/BST /¥ i HA L R TS ) T AL 2 R
MR X BEAA 5 (XRD, SmartLab, Rigaku
Corporation, Tokyo, Japan) i, i H Cu-K,, %
KR A = 0.154186 nm. R HAFEER LIRIUZ 2K IE
5 T B %EE (HRTEM, Titan Themis G2 60-
300, Thermo Fisher, Oregon, USA) 7£ 300 kV
FAERE S A4S #, HRTEM EE 5 2% FH 3R 5
FH AL (FIB, Helios NanoLab G3 UC, Thermo
Fisher, Oregon, USA) il % . aFe/BST /¥ &M i
R, T 9 IR 7E = VR Seebeck RN o il &
o K FIFRME VDR B3k (CTA-3, Jb 50 81 Rk Rk
ARRA ) A AAE T R, Hrp o i &5
WENL(B%—T%), o WEIRZEL 5%, RHZ
DIRe PR shAE S 5m T (VSM, VersaLab, Quantum
Design INC., California, USA) Il & A [RIEEE . A
) FORE £ BE R REAL LR (M-H) | g3 R g A Bl
(MR) 4.

227301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

3 #X5it%w

aFe/BST /H A R AL BE Y XRD 150
K1 R, A RE S R ATT S I AR BEAR f-Hb 5 35
5 45k BST(JCPDS 49-1713) % K. BST i) fr
A (0007) ThT 4477 S W R AR 5 iR, 3 W3 4 gl JoE v
BST &k HEA (0000) HEALEU. 24 2 > 0.2% K,
WEEEN 5 FesO, REAEATITIEAHM) G (1 5508, FIER
éz\ Fe-NPs 7Eill 2 F2 B 5 58 R 7 [ %, FesO,
Yk T KR E 1(b) H BT A BST /Y (0115)
FRIEAT S0 TF I A WA 2B A 31, Ui Fe 44K
KA A AR R FesO, 40K RLT-XF BST HY
A ARG I 7 A 5.

(a) (00015) ¢ FezO4 (b)
w | (0006) (noo9) ) (00018) (00021)
5 [ Ve N A MFAGO4A, //L.
) 11 04 A A AAFSAOS. ,/L
3
= | S D N WY wd .
e ] Fe0l
? A + A A A A
= p TP 491713 B . Sbl T
(015) /I > ig.55b15Tes (015)
| JCPDS 03-0863 FedoJ
10 20 30 40 50 60 70 27 9 28.5
20/(°)
1 aFe/BST/AE MW NG R BB ATA K (a) aFe/

BST /A MRS P B Y XRD &; (b) 20 7 27.8°—28.6°
YRR XRD 1

Fig. 1. Phase constituents of aFe/BST /epoxy thermoelec-
(a) XRD patterns of zFe/BST /epoxy
(b) the enlarged XRD pat-
terns in the 260 range of 27.8°-28.6°.
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Table 1.  Values of F, AF, MR™, MR, and MR* of 2Fe/BST /epoxy thermoelectromagnetic films.

No. P AF 05T 1.0T 15T 20T 25T

MR®= MR* MR MR® MR* MR MR® MR* MR MR®= MR* MR  MR® MR* MR
Fe0O 0.26 0.00 0.85 0.85 0.00 236 236 0.00 4.87 487 0.00 770 7.70 0.00 11.51 11.51 0.00
Fe01 031 0.05 030 0.86 -0.57 1.07 242 -1.34 229 498 -269 3.8 787 401 570 11.75 -6.05
Fe02 0.41 0.15 0.44 1.00 -0.56 1.41 2.87 -1.50 2.84 586 -3.02 4.66 9.24 -4.57 6.78 13.67 —6.90
Fe03 038 012 073 094 -021 196 269 -0.73 361 550 -1.90 563 868 -3.06 793 1289 -4.96
Fe04 0.36 0.10 080 092 -0.11 208 259 -0.51 430 531 -1.01 719 838 -1.19 10.47 1247 -2.00
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2 oFe/BST /ARG H L % 15 19 HRTEM BORE5 M (a) Fe02 19 HAADF-STEM 1%; (b)—(f) Bi, Te, Sb, Fe #1 O (¥ i /31
Fig. 2. Microstructures of zFe/BST /epoxy thermoelectromagnetic films from HRTEM: (a) HAADF-STEM image of Fe02; (b)—(f)
corresponding elemental mappings of Bi, Te, Sb, Fe, and O.
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Fig. 3. Electrical transport properties of the 2Fe/BST /epoxy thermoelectromagnetic films: (a) Electrical conductivity and Seebeck

coefficient; (b) power factor.

1, BST kL (0000) Th1 46 A0 B[ %) 38 5 1) T 44
FEL i T ) R S R B - A8 8. M\ BST ki
(1) (00017) TATFE LI a] 4 HC ) PR 1) 31330 28 SR mT A
Bfi Fe-NPs 11, Bua K7 F {568 5 %, M (i
1SRRI o (AR T BB R S fe k.
L, A aFe/BST /ARG I G I o (Y1
INFRIET Fe-NPs 5|2 T 8 F1iE 8 20 W 2 1
K, MR FER RN B E K EZRT Fe i
() BST ffRLAY (0000) T £ pE B m) () 385 . — e
T, YA R o BRCE, H o [ASHR. iR
AR AT S AR SN AL, T A Fe/BST/ 36
S TR AR R IR o (B DI ST IR /N R R AR
1M, WKl 3(a) s, BE Fe-NPs ¥4I, o {ESEHE 5
K%, Hip o (AR T Fe-NPs 5519 A EH &
RO RN 55 Jey oA TFLARNE (M AL B DL S T %) o P
BHAFAE S B b G R FL B R 40 ) . X RN IE 3 I B4

ULH, 7€ aFe/BST /M AR ig A wE R, 8 A
HAL R Z PRI R o F o {8, PRI, 75 B HAH G
PR RN HEA TR SE. T aFe/BST /MM i #4
F 4 TS A D R R T oo (N TR] 3(b) 47 8 i 7s
AUL, TR FESL Y oo {HBE Fe 34N J6HS 5 U
/N, HIEF AT aFe/BST /3 & B g $4H #E 8 BEE 1Y o2
o [E¥IKT BST /A AR BRI IR o’0. HEAF,
5 BST /AR eI LR oo (HAHLL, ZIRT
Fe-NPs %58 0.2% 1) Fe/BST /35 b i B B
AR oo [HIRE T 78%. o2 IRETR T o
FHERA o B2 E RAIL VR .
HIRZE T FEEE o 1 o (ERYIRZE, Xt aFe/
BST /0B B A R 4 1 58 %) 10 2 P e AR P &
NEHEAT THFFE. WK 2(a) B, ERJERE b R,
Fe-NPs H 38 HE51, 52 Fe-NPs 1Y A1 R AARAE il i
LAY TP LR 9 45 1) P SR R B 45 1) S

227301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 73, No. 22 (2024)

227301

(MA). N T 878 2Fe/BST /3R E A i B Hi, 7 v JiES
FRITE A% 1) Sk, 78 300 K IR0l T aFe/BST/
AU A FEL 7 BB T S M RITTET P 7 1) A (M-H)
HiZE, ) A A SR A 4 s n L, %
i Fe [ BST /¥4 BeFA L HERR (Fe00) #£ 300 K
B B, 5 O HRGE g R — 2 224 (BT A A
A Fe BYFE L AE 300 K BF F I gk vk, Wy, &
TG E A R M-H & e R /R 15 4
SR — ARG it 2, RUITA aFe/BST/
RSB N AR R e A AT — TR (AR R
&, B aFe/BST /HEM IR #A L #E I AE 300 K
B AT AR A M-H 2804 B i fn 2%, X208 T
MA B 520 . 78 Fe02 MR B i Kim 22, W&
Fe02 HAT K MA. ILAh, aFe/BST /3 E M iR 4
L B ) T R 45 1) S PR3 H PR AR N A
FEEHA T PN 7 ) A i, TETAR 7 Tl A X

A aFe/BST /¥R R s P B RE R Y M-H
Mk, & nT LIS 20 i Fwg fb o BE M, 45 1) S 14
Y H ®owiJ) H MFE#E M,. 535, aFe/BST /3
AU i A P T T 1 1 45 1 SR PERE AE AT LU
BLSF-TE N AT AN M-H 2R LA R AR 2 22 3
7Ny ARG AS 1) S R Ko (BT A Koy =
M, Hy /2 TR 2] P X SR S50 I3 2,
Wi Fe-NPs 340, My, Hy, K. F1 AE Y258 KR
/N 300 K B, Fe02 Y&t Hum ok, H M,
Hy, K 1 AE 53508 122.17 emu/g, 14456.38 Oe,
8.83x10° erg/g #1 8.98x10* erg/g. LA, Fe03 Fl
Fe04 ) K. fl AE S /INAT BEVE T Fe-NPs 34 /1 &
B 5 1] S a5

WE—5 Tt MA {950, W T 2Fe/BST/
IR B AR Y 45 1) SR RE HLBE (MR). MR J2 i
TREG AR5 | R B L BH AR AR, AT SR

(a) () 8 (c)

: 1
/‘. \ —~ 100 | —1H
» i —
‘ 3 0 —~ —//H
20 4 = 50 |
=
> g Fe00 -k » Fe0l
Sample :’ 0 - g 0 =
line Sample | H | Hot pressure 3
S direction < 50l
s \§ —4t E 0
-
' 4 o ~100 a0k
g -8 L L : - L0 1
Samie) pample -10 -5 0 5 10 -20 -10 0 10 20
RS H/kOe H/kOe
() 120 (¢) 100 ) 100F
—1H — | H — \H
~ — //H ~ —//H _ —//H
= 60 / - 50 - 50
g Fe02 g Fe03 » Fe04
g 0 0:3 0 25 % 0 50
5 = I /
S —60t 0/ = 50t 0 S _s0f 0/
—120 . B R —100 . S S ~100 £ . B R
—-20 —10 0 10 20 —-20 —10 0 10 20 —20 —10 0 10 20
H/kOe H/kOe H/kOe

Kl 4 aFe/BST/¥ %M g P RE TR ARG 25 7] 521 (a) M EE3EE 5 (b) Fe00, (c) FeOl, (d) Fe02, (e) Fe03 FiI (f) Fe04 7E 300 K Hf
LHM/HI M-HIZ. B (b)—(f) TA FHERZZY (H=0) BT M-HMZL, Brf aFe/BST /¥ & N8 # i i B Y M-H iih
LB AT T HER BST/FR R A FA rh 30015 75 i 1) 500 4k 28

Fig. 4. Magnetic anisotropy of #Fe/BST /epoxy thermoelectromagnetic films: (a) Measuring setup; M-H curves of (b) Fe00, (c) Fe01,
(d) Fe02, (e) Fe03, and (f) Fe04 L H (and // H) at 300 K. The lower-right insets in panels (b)—(f) show the M-H curves near zero
field (H = 0), the M-H curves of zFe/BST /epoxy thermoelectromagnetic films were processed by BST /epoxy films background sub-

traction.
2 ARFEFEG 300 K B L H J5 1 i Scl ig PERES 8L
Table 2.  Magnetic properties of the L H of the different samples at 300 K.

Samples ¢ M/(emug!)  HJOc  Kg/(0crgg)  AB/(10'ergg’)  H/Oc  M/(emug))
Fe0l 0.1% 107.76 9703.48 5.23 5.94 123.65 5.42
Fe02 0.2% 122.17 14456.38 8.83 8.98 93.37 4.84
Fe03 0.3% 95.80 10700.42 5.13 7.31 78.80 1.09
Fe04 0.4% 95.12 10144.43 4.82 6.23 117.48 4.14
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Fig. 5. Magnetoresistance characteristic of 2Fe/BST /epoxy thermoelectromagnetic films: (a), (b) The MR dependence of the in-
cluded angle 6 between the magnetic field H and the out-plane direction of (a) Fe00 and (b) Fe02 in the range of 1.0-2.5 T at 50 K;
(c), (d) the magnetic field dependences of measured MR (MR™) of (c) Fe00 and (d) Fe02 at 50-300 K in the range of 0-2.5 T;
(e) the magnetic field dependences of MR™ of Fe00 and 2Fe/BST/epoxy flexible films (Felz, z = 1, 2, 3, 4) at 50 K. The MR-

(MRE,. — MR;’CO ) and fitting curves of two kinds of MR~ are shown in the lower half of panel (e) with the color remarks and the

dotted lines, respectively.
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Fig. 6. Phase constituents and preferential orientation of BST/epoxy thermoelectricity films ignoring MR: (a) XRD patterns of
#0Fe00, #1Fe00, #2Fe00, #3Fe00, and #4Fe00 corresponding the pressure being 0, 4, 8, 12, and 16 MPa; (b) the enlarged XRD
patterns in the 26 range of 27.6°-28.5°%; (c) the pressure dependence of the F of (0001) preferential orientation of BST.
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Fig. 7. The MR;'J) dependences of the (000]) preferential orientation Fy, of BST in BST/epoxy thermoelectricity films: (a) The
variation of MR;’ . With the magnetic field at 50 K in the range of 0-2.5 T; (b) the fitting correlation between AFy and AMR:' at
H = 0.25-2.5 T, which is expressed as AMR;#L = KOAF#Z’H2 , where (Kj y) is (34.29, 2.129) for 0.5 T, (24.46, 2.021) for 1.0 T,
(14.27, 1.902) for 1.5 T, (19.480, 2.063) for 2.0 T, and (16.12, 2.013) for 2.50 T; (c) AMR: = KoAFZH? , where K, is constant.
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Table 3. Values of Fyu, AFy, AMR; ,and K, of BST /epoxy thermoelectricity films.
05T 1.0T 15T 20T 25T
Saple  Fe A MRS K, AMRE K, AMRE K, AMRS K, AMRE K
#0Fe00 0.26 0.00 0.00 26.99 0.00 22.91 0.00 19.59 0.00 17.04 0.00 15.35
#1Fe00 0.34  0.08 0.04 26.99 0.11 22.91 0.31 19.59 0.44 17.04 0.63 15.35
#2Fe00 0.37 0.11 0.07 26.99 0.28 22.91 0.49 19.59 0.88 17.04 1.21 15.35
#3Fe00  0.42 0.16 0.18 26.99 0.60 22.91 1.15 19.59 1.69 17.04 2.48 15.35
#4Fe00  0.46 0.20 0.28 26.99 0.95 22.91 1.83 19.59 2.85 17.04 3.96 15.35
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Table 4. Values of K;, K, K3, MRg, , and MRy, of 2Fe/BST/epoxy thermoelectromagnetic films in different H.
05T 1.0T 15T 20T 25T
No. K, K, K;
MRy, MRy, MRy, MRy, MRy, MRy, MRy, MRy, MRy, MRy,
Fe0O  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe0l 56.30 0.12 0.52 -0.20 -0.37 -0.82 -0.52 -2.06 -0.64 -3.27 -0.74 -5.23 -0.82
Fe02 36.77 017 045 -0.24 -0.32 -1.02 -0.47 -2.47 -0.55 -3.94 -0.64 —-6.18 -0.71
Fe03 19.10 0.20 0.23 -0.05 -0.16 -0.50 -0.23 -1.61 -0.28 -2.73 -0.33 —4.60 -0.36
Fe04 6.38 0.22 0.17 -0.00 -0.12 -0.34 -0.17 -0.81 -0.21 -0.95 -0.24 -1.73 -0.27
19.10 1 6.38, Y K, 4 0.12, 0.17, 0.20 #10.22, FER 22 ENR 25 5 R AL T 2 2% T — &5

1M WL 85 198 £ K, 43008 0.52, 0.45, 0.23 il
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xFe/Bi, sSb, sTe; thermoelectromagnetic films with
coexistence of positive and negative magnetoresistance”
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Abstract

Thermoelectric (TE) films with excellent electrical transport property are key materials for developing
efficient in-plane heat dissipation technology, but their low electrical transport property is a challenge that
restricts their application. Recently, a new thermo-electro-magnetic coupling effect has been proposed to
significantly improve the comprehensive TE performance. In order to explore the influence of the above effects
on the electric transport property of TE films, we develop an integrated preparation method through ball
milling dispersion, screen-printing and hot-pressing curing, obtaining a series of aFe/Bij;Sb; 5Te; (BST)/epoxy
TE films in which Fe nanoparticles serve as the second phase, resulting in the thermo-electro-magnetic coupling
effect , and also we study their influence on the electrothermal transport performance. The results are shown
below. The positive and negative magnetoresistance are co-existent in zFe/BST/epoxy thermoelectromagnetic
films; the preferred orientation factor of BST (000/) is positively proportional to the positive magnetoresistance
(MR™), resulting in an increase of the conductivity; the spin-dependent scattering of negative magnetoresistance
(MR) derived from the local magnetic moment of strong ferromagnetic Fe nanoparticles increases the Seebeck
coefficient. Hence, the power factor of Fe/BST/epoxy thermoelectromagnetic film near room temperature
reaches 2.87 mW-K2m™, which is 78% higher than that of BST/epoxy thermoelectric film. These results
indicate that the coexistence of positive and negative magnetoresistance in thermoelectromagnetic films can not
only relieve the coupling relationship between conductivity and Seebeck coefficient in TE materials, but also
provide a new physical mechanism for the excellent TE conversion performance induced by magnetic

nanoparticles.

Keywords: p-Type BiyTes based thermoelectromagnetic films, magnetic anisotropy, magnetoresistance, spin

dependent scattering
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