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Abstract: Bi,Te;-based thermoelectric (TE) materials have already been commercialized, of which the hygro-
thermal stability has a direct impact on the service reliability of TE devices, but is still confronted many challenges.
This work investigated the degradation behavior of commercial n-type Bi,Se(,Te, 79 and p-type Big4Sb, ¢Tes TE
materials during storage in 85 C, 85% RH hygrothermal environment for 600 h. The surfaces of n-type

Bi,Sey,1Te, 79 and p-type Big4Sb; ¢Te; TE materials were oxidized with reaction process of Bi,Te;+0,—Bi,05+TeO,

and Bi,Te;+Sb,Te;+0,—Bi,0;+Sb,05+TeO,, respectively. The oxidation process creates nanoscale holes and even
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microcracks inside the material, which leads to an overall deterioration of the electrical and thermal properties. At

room temperature, the electrical conductivity of the n-type Bi,Seq,;Te, 79 material drops from 9.45x10* S'm™ to

7.79x10* S'm™" after exposure, and ZT decreases from 0.97 to 0.79, while Seebeck coefficient of the p-type

Bij 4Sb; ¢Te; material declines from 243 uV-K’1 to 220 uV-K’l, correspondingly, ZT decreases from 1.24 to 0.97. In

conclusion, Bi,Te;-based TE materials have extremely poor hygrothermal stability, and their corresponding micro-TE

devices need to be strictly encapsulated in service to prevent complex redox reactions between the TE materials

themselves and the environmental water vapor and air.
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Fig. 1 (al, bl) XRD patterns of samples after storage in hygrothermal environment for different time with (a2, b2) EDS results of

material surface after storage in hygrothermal environment for 600 h
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Fig. 2 Surface XPS spectra of n-type Bi,Seq,;Te, 79 material (al-b1) before and (a2-b2) after storage
in hygrothermal environment for 600 h
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Fig. 3 Surface XPS spectra of p-type Bij4Sb, ¢Te; material (al-cl) before and (a2-c2) after storage
in hygrothermal environment for 600 h
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Fig. 4 FESEM images of (al, a2) n-type Bi,Seq,;Te, 79 and
(b1, b2) p-type Biy4Sb; ¢Te; material (al, bl) before and (a2,
b2) after storage in hygrothermal environment for 600 h

MG 4(a2)); p B BigSby ¢Tes #RMR A AR
Egtﬂjtiﬁ’lﬂ\]*ﬂ):ﬁt LR b, HHE KRR A
(B 4(b2)). HILAT I, BEFREEXNT n B BixSeg 21 Tea 70
A1 p 24 Big4Sby Tes ﬁﬂl_ﬁiﬁ’] Y AL S N E e
SRS R AT B GEE DRI . R H
AR RSP/, MORLR T & EEOK, BRIk PR IR A4
IRES o AR P50 0 52 K

#E—25 K Hl TEM Z£AE n % BiySe ., Tey70 Fl p 7
Bio4Sb; ¢Tes M RIE 85 °C, 85% RH ¥£85 T 774i# 600 h
Ja REanai e, il 5 . n 2 BixSegn Terro 4
BRI R EZ R EZA 500 nm, HAF/EKE
~$10 nm FIGKFLIAFZIR(E 5(a)). Kl 5(bl1~b4)
43 AN Oy Bis Te & Se R MRS R, TLLE
th, Bi 1 Se ST R A A BN, Te A XIS O &
RO, ] O e HEN Te didg A E . Kl 5(c)
J9BE 5(a)rh 7 HE X85 ) 4y HE IR (HRTEM), 244
N Bi,Tes A, faA&IAIEE d=0.331 nm X /M(221) 44 T
MM Biy0s, k% [EIEE d=0.3381 nm XfRi(1T1)
f T, L AH 2 8] %A B S R U )2 o MO [ L
AR AFFT)(E 5(d)Ar WL, A B Bi,05 M F 3K
TRENR . ALES RPN HON BT, &K n B
BiySeg1Ter o MBI 7L 8 B EFK, F
MR TF. HA, Bi,Os BH HAGEE, X
H—20 F 8 n B BiySeqa1Ter 7o MBI HL G 2677 8
%4{[37-38]0



HAEYE, %&: BiyTey I ALARI IR IR E PEWT 7T 805

K5 (a) BAIFEILFE 600 h (¥ n B BiySeq Tey 7o MRLHE
LRI XK TEM BT (b) () 5 HEIX S 70 2 T 4
i B (o) El(@) i EX ) HRTEM f )5 (d) El(e)m)
IFFT B R IR A7 600 h (11 p B Big4Sby ¢Tes M EHEELL
[Hi¥1(e) HAADF-STEM & F Fll () 70 K TH 4 A7 K it

Fig. 5 (a) TEM image of the area close to the surface of n-type
Bi,Seg,;Te, 79 material exposed to hygrothermal environment
for 600 h; (b) elemental surface distribution profiles of the square
region in (a); (c) HRTEM image of the square region in (a);
(d) IFFT image of (c); (¢) HAADF-STEM image of the area
close to the surface of p-type Bij4Sb; ¢Te; material exposed to
hygrothermal environment and (f) its elemental surface

distribution profiles of the region
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