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Abstract: Zone melting technique is an important method for commercial preparation of Bi,Te;-based
thermoelectric materials. The zone melting purification process is affected by segregation of materials. However, so
far, the effect of zone melting process on the segregation mechanism of Bi,Te;-based materials has not yet formed

unified understanding. In particular, increase of material components significantly affects the segregation process
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and uniformity. In this study, n-type Bi; 96Sbg o4T€2.604S€03B10006 material was used as the research object, and the
melting-zone melting-annealing process was used to systematically explore the influence of zone melting
temperature on the composition and uniformity of thermoelectric performance. It was found that the zone melting
temperature had a great influence on uniformity of the ingot, and the axial composition segregation was an
important factor affecting its uniformity. At high zone melting temperature (=988 K), the segregation of Bi,Te;-rich
phase appeared at the top of the ingot, which made the poor uniformity of thermoelectric properties of the material.
The maximum difference of ZT at room temperature in different regions (center top, edge top (ET), center bottom,
edge bottom) of samples with zone melting temperatures of 988 and 1003 K reached 31.5% and 28.6%, respectively.
Reducing the zone melting temperature to 958 K significantly inhibited the segregation of Bi,Tes-enriched phase,
and a cylindrical ingot (inner diameter of 16 mm, height of 55 mm) with excellent thermoelectric properties and
uniformity was prepared. The maximum difference of ZT at room temperature in different regions was only 14%,
and the maximum Z7 of 958 K-ET sample was 1.05 at 350 K. This study reveals the regulation mechanism of zone
melting temperature on the composition and thermoelectric performance uniformity of multi-component n-type (Bi,

Sb),(Te, Se)s;-based materials, which provides important guidance for the preparation of high-performance

thermoelectric materials with excellent uniformity.

K ey wor ds: n-type bismuth telluride; zone melting process; homogeneity; thermoelectric property
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T AN 147 F 139 Wem K. FiR c EAR
[ X 33 f K 2% 54 0.082 Wem ™K™', M2 5.9%.

958 K-CB 1958 K-CT FEM I ZE R T e+, 735
790.80 F10.88 W-m '"K'; 958 K-EB #1958 K-ET £
TR T Kt 28514 0.84 10.84 Wem "K' %k
T st EARRXERABRAZESREN 0.063 Wm K,
FIZE 7.7%. 973 K-CB 1 973 K-CT FESIIEIE T
KL+, 239 0.93 F110.97 W-m-K™'; 973 K-EB FlI
973 K-ET FEMMZER T xitr 258 1.01
0.98 W-m K 'o ZI N reprp TEAN R X IR B0 K 2
54 0.086 W-m "K', HZ 9.2%. 988 K-CB
988 K-CT FEa I =W~ xitr, 7058 091 F
1.01 W-m "“K''; 988 K-EB Al 988 K-ET Ff & ¥ = i,
T rtr 2 BN 1.01 81092 Wem™ Ko IR TR rp i
FEAF X e K278 011 Wom K, A%
11.8%.1003 K-CB A1 1003 K-CT £ 5 I = I8 T s+
2% 1.010 A 1.03 W-m K™, 1003 K-EB #
1003 K-ET FE M ER T xtr 2508 1.10 F
1.01 Wm "K' BIRF rta, 764 5] X 38 1 B2 ok 22
590.09 Wm "K', AHZE 9.0%.

958 K-CB 1958 K-CT £ i I =ik~ ZT 5 5
0.86 F1 0.89; 958 K-EB 11 958 K-ET HJ =i~ ZT 43
AN 0.88 F1 0.98. Zid T ZT EA R X1 & K %

SN 0.12, FHZE 14%. 973 K-CB 1 973 K-CT F¢
=R ZT 23508 0.89 Al 0.82; 973 K-EB
973 K-ET FE S IR ZT 435124 0.74 A1 0.85. =
I T ZTHEA R XS R 22 708 0.15, AHZE 19.5%.
988 K-CB £ 988 K-CT £ i =~ ZT 43731 5 0.96
A10.73; 988 K-EB Al 988 K-ET ££ 5 [l =i K ZT 43
AN 0.76 F1 0.86. ZiR T ZT {EAS R XI5 1) e K %
54023, #1Z 31.5 %. 1003 K-CB 1 1003 K-CT
FES IR N ZT 4514 0.80 A1 0.74; 1003 K-EB £l
1003 K-ET ISR T ZT 435108 0.63 A1 0.76. %
I~ ZT AEAN R X S i K 22 79 0.17, AHZE 28.6%.
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BT T 3 R SR (FESEM) LB A0 . 35 H5t
HL 7 (BSE)FI G & [ 2 A MR o 1T BT A B b A L 1)
HA ML SUSAE, 78 ILiEEL 1003 K-CB il 1003
K-CT #5470, il S1(a, b)fizx, 1003 K-CB
A1 1003 K-CT FF fis (JE 5 A T0 035 22 It B ARY 1) J2
REER, VLW BiyTey ZEM R IR 72 HETH (ab TH)HY
Pehr oy B AR, B SR B RRE

/LU b 7

K S1  (a) 1003 K-CB F(b) 1003 K-CT # ¥ /) H Hi b 24411 FESEM &/
Fig. S1 Cross-sectional FESEM images of the free fracture cross sections of
(a) 1003 K-CB and (b) 1003 K-CT samples
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i, KRR MHBLREE, 5 XRD 4558 —5.
EAFE R, ASF DX FE AR 1 80% A7 A
78 5 AR DXAB A ot 3508 FE T v, T v i DX A

f¥1 BSE &P B 3 2 WUMLIR . XA RER
T DX BE T R ME TR (0 Te M1 Se) & 714K,
Tt 8] I R ) AT AL, AT B AR T AR IR 2
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958K-Bottom 20 pm 988K-Top 20 pm

Te Te

K S2  (a) 958 K-Bottom Fl(b) 988 K-Top ¥ fh YK T BSE KIE &6 M IX 1, Bi. Sb. Se. Te Al Br yt. % 4 i &
Fig. S2 BSE images of polished surface and surface distributions of Bi, Sb, Se, Te and Br elements in the
corresponding regions for (a) 958 K-Bottom and (b) 988 K-Top

i% S1 Bi1.968b0‘o4Tezleg4se().3Br0.ooe *iﬁlEEiE—FE"J o, S\ Kk %u T
TableS1 ¢, S, kx and ZT of Biy gsShgsT€2.6045€0.3Br 0.006 SAMPpleS at room temperature

Sample o/(x10%, S'm™) S/(uV-K™h K/(W-m™ K™ ZT
958 K-CB 11.1 -186 1.37 0.86
958 K-CT 10.9 -195 1.43 0.89
958 K-EB 10.4 -195 1.38 0.88
958 K-ET 11.4 -199 1.42 0.98
973 K-CB 11.2 -197 1.50 0.89
973 K-CT 9.86 -201 1.48 0.82
973 K-EB 9.45 -196 1.50 0.74
973 K -ET 9.88 204 1.48 0.85
988 K-CB 11.1 205 1.47 0.96
988 K-CT 8.54 202 1.44 0.73
988 K-EB 9.98 -200 1.48 0.76
988 K-ET 9.05 -201 1.43 0.86
1003 K-CB 9.00 -206 1.47 0.80
1003 K-CT 7.27 216 1.39 0.74
1003 K-EB 7.34 202 1.47 0.63

1003 K-ET 7.51 -214 1.39 0.76




