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Abstract: Combining thermoelectric materials with magnetocaloric materials enables a potential new all-solid-state
cooling technology based on coupling enhancement of thermoelectric cooling and magnetic cooling, which is highly
expected to achieve a technological change from thermoelectric cooling to thermoelectromagnetic cooling. However,
the stability of thermal-electro-magnetic composites in service environment is still unknown. Herein, a series of

Gd/BST thermo-electro-magnetic gradient composites were prepared by combining Bij sSb; sTe; (BST) thermoelectric
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material and Gd magnetocaloric material via spark plasma sintering technology. Evolution of phase composition,

microstructure, thermoelectric, and cooling performance of the gradient composites during the 12 d aging process at

338 K and 80% relative humidity(RH) were systematically studied. The results show that the phase composition and

microstructure of Gd/BST thermal-electro-magnetic gradient composites have excellent service stability. The chemical

composition and average thickness (~4.5 pm) of Gd-Te diffusion layer at Gd/BST heterogeneous interface doesn’t

exhibit obvious change during the aging process. The test of thermoelectric and cooling performance along different

Gd concentration gradient indicates that ZT of the materials negligibly changed before and after aging treatment, and

the cooling temperature difference of the single-leg device is stable at about 6.5 K under the threshold current of 2.5 A.

These results show that thermoelectric and cooling performance of the Gd/BST gradient composites have excellent

service stability.

Key words: thermo-electro-magnetic gradient composites; thermoelectric performance; cooling performance;

service stability
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Fig. 1 Schematic diagram of the cutting positions for the structure and performance characterization of samples

£ 903 K, 15 mm/h #&H7 4 Z ~ X 4415 3] BST Hefk
Mk,

Gd/BST #EBEHGEESSMRINHE& X
J&VEFT S BST M B, FLoHEEIE 125 um
(120 H)##iM453 2] BST #3 K. #7 & 4 43 10 g BST, 7
A5 0. 0.7333. 1.4667. 2.2000 g Gd ER(99%)¥E & -
WUCKEANE Gd & &) GA/BST 18 A8 A 3\ A7 S8 A
H, 7£ 703 K. 50 MPa [0 &5 B TR B4 6 T
{35 5 min 15 2 80% Gd/BST v HL GRS 5 &k kL
F HLRAE LR DI RN LK B A3 Bk GA/BST #6 B 44 K}
TR AR, H 4 mmx4 mmx10 mm [§4K 7 74
F T 50 000 &5 # 7 Ak A i) 4 ME R AR 4, 3 mmx
3 mmx 10 mm [f4 77 7 B -0 FE 5 R 2 DL e &
%, ¢10 mm BIE TG 2R, BARYIERRAL
w1 Fis.

12 ZHXIE

¥ ) FAF 200 B0 A BT 1E R R RS
(HD-E702-1-100 #!. ik HFrACE}), AR EN
80%, JHilh % 338 K G732tk 0. 4. 8 Fl 12 d(FF
SR IR AT 444 100, 104, t08 i t12), H&FANINHAE] B 52
BJG, o IRERE AT 5 RAE . AR YRR A4
PEREMIR, H B E THEEERA PN, H
B Z A [AIE F] 12 do
1.3 Wik 53R

KH Cu 8 Ka fESTER) X HFEATHAUXRD,
Rigaku Smartlab SE &, HZ Rigaku 2 =))Wl & # i
VIR . SR A o FIREH(EPMA, JAX-8230 &4, H
7% JEOL /& ) )C #% [ i A (WD S)i#E 4T 7t 2% 5E 1 PA
FICE AT T R T IREE WA RE ) — IR
TR (SEDMI TS HU B 1R (BEI). SR FH H 4inis M R I
RAS(CTA-3 B, JLHT Cryoall 2 7)) AF R L
FH (o) Seebeck FE(a), MR ZEL N+5%.
2 /& Gd/Biy 5Sby sTe; 1 & 52 A 44 KL fariE P RE D
HonEEL, e Gd WM AR T B PR

Upper electrode
*/F orward current
Seige
Gd ball \:.'.\
Ce The 1
3 ermocouples
BST \.’. M

Lower electrode

Secondary heater

K2 Gd/BST B ER &R IE NN R &
Fig. 2 Schematic diagram of the electrical performance test of
Gd/BST gradient composite

Ji N IERNER, k2 R AR . RHAR =
ApCy THHEMEBIMIG R, b 1 AR HRE,
NERE, Co A . RY R A RABOE S #UX
(LFA-467 4, f#[F Netzsch 2 &) #EAT MR, WK%
ZE L) NE3Y o K P HOR AL B 2 S p, K 2R
FREN(Q20 B, X£EH TA ArDMEME =E T
MR C,, BUE 0.19 J/(g- K)o 3518 Gd #FEHL
BEAMEHME T RN o R AR 5 2 1
RGN RE S A PERE . Fod, DU L B B R
JH(GPD-2303S %4, Gwinstek 2 F)HEAE, FE 5 P s
5% K Fl OMEGA 7 &) A2 7= 1) ek T 284 o e AR ARG
it R SE AR LabVIEW F2 7 i3k .

2 GRS

21 WFHAER KN BN

AN EHE Z AR I GA/BST 4 & &4 B
XRD B 3 Fras o BTA R 1) 32 B AE AT 5 g
5 BST £ F JCPDS 02-0492 FHEIEW) £, 26=
32.3° K A BIRTAHIEST . Gd (10 1) 4FAERT 5 0 .



666 1 A 7 < = S

38 %

VGd

2

i8]
P04, ]

f"‘--.l@_._J
I JC}’DIS-02-0492 BiysSb, sTe;

Intensity / (a.u.)
Intensity / (a.u.)

niig

£

10 20 30 40 50 60 70 8050 51 52
20/ () 20/ ()

B3 AFEEEZAE GI/BST MR &# 8 XRD K%
Fig. 3 XRD patterns of Gd/BST gradient composites with
different aging time

fE 20=50°~52.5°76 [l {1 5 30 s OK B 1 o, REAIE S (1)
LB ZANEEKHFRENHE WS, UH
Gd/BST i FE S &M B AH A e fl 45 I 7E 338 K,
80%RH MIEE N BA R UF IR AR E 1 - KR53
HE Gd-Te & & MFFENTSHIIE, X AT A8 i 71 AH
FER/D, KT XRD SR ARZBR(Z) 1%)Fr .
Gd/BST #f B 52 &M EH IR B8R #U
H 150 4(a~c)fTn. Gd Bk5 BST J:4A4E &
Uf, Gd ER 424 80~170 um, FTA [ Gd BRI # K (1
WEY 202, TR EPMA BEEEE 4(d)4

@) s ®

B, VHUZEEEh Te. Gd Ml O =Moc K41,
AW 2 W] 5 Bi A Sb oK, WY BUZE ATRER
AT Gd-Te 38U N AR AL SN o FEREAME i B
HLIEEL 10 4~ Gd BRI & 57 o ST 9 502 10-F 35 B B,
SR S B B RS YT U248 4.5 pm,
ULHAY HUZE EERAE SPS &l FE b K, KA
EAK IR P RN

KA EPMA BKiG 434041 7 Gd/BST #EE G
PR S AR L 2 AEA 12 d ] Gd BR(H2 B A)
2| BST(H7 & B)W2 o 7484k, S5 5R WK 6 frs.
t00 Fl t12 £ i HUZ N FE EA S K E Gd M Te Jo /b
B O LR, (NAESEIT BST SEAA 4 4% X H5 6 il 31 /b &
Bi f1 Sb L& . ¥ HUZN Gd & &M Gd BRkfE BST
FEARTT [ R ERR IR, T Te S EABMMEAS Gd
AR, YEHE Gd/BST i FHIAAAE 1 Gd A
Te TCEAM B HL, X5 Wei 25 P2HRIE 45 R — 3.
TEW/M RS HUZ WIS RER I BB 21 O ok, (H
£ Gd 1 BST Ak Rkl 2, R Ay HUZ 5N
FERETEMEHIEN B, RRATMAER S KE
Ak, TREE S ALAEAE TR Y BRI A AR, RE
B EFEUN . 100 F1 12 £ 5 140 2 B4 A8 10
AL, #E—2BUE ] Gd/BST #fJEE &k 7 R

T
Ber © : BEI

Gd BT .9

@

Te

K4 2B 12d JEREM () X TB (b, o) WHUHE T K& (d)Ju R EPMA (&
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mapping images of the samples after aging for 12 d
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Fig. 9 Cooling performance of the Gd/BST gradient composite device with different aging time under different forward currents
AT: Difference of working temperatures; ATc: Difference of cooling temperatures
Colorful figures are available on website
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Tablel Cooling performance of Gd/BST gradient composite device with different ageing time/K

I=15A F2.0A F2.5A =3.0A
Sample Trorward Lreverse Trorward Lreverse Trorward Lreverse Trorward Lreverse
AT AT. AT AT. AT AT. AT ATe AT ATe AT ATe AT AT. AT ATe
t00 14.6 5.4 15.8 5.5 18.7 6.1 21.1 6.3 24.1 6.6 27.3 7.0 28.4 6.1 333 7.0
t04 15.6 5.4 16.6 5.7 20.1 6.3 22.2 6.2 24.6 6.8 28.3 6.7 28.8 6.7 349 6.5
t08 14.4 5.2 15.5 5.4 19.3 6.1 21.0 6.3 24.1 6.4 27.0 6.9 29.2 6.2 33.2 7.0
t12 153 5.4 15.9 5.6 19.1 6.2 21.2 6.2 232 6.5 26.5 6.5 27.0 6.3 31.6 6.6
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