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Study on improving interfacial bonding strength of bismuth telluride
based thermoelectric materials
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Abstract: In response to the problem of insufficient interface bonding strength in thermoelectric devices,
the influence of factors such as cutting method of thermoelectric materials, surface sanding paper particle
size, nickel spray pretreatment temperature, and etching solution composition on interface bonding
strength was studied. The results show that the interfacial bonding strength of the samples prepared by
wire cutting is 30% higher than that prepared by internal cutting. It is recommended to use 240% or 400*
sandpaper for polishing, and control the pretreatment temperature of nickel spraying at about 95 °C. The
interfacial bonding strength can be improved by using nickel plating and tin plating after corrosion with
ternary mixed acid system etching solution.The interfacial bonding strength of N-type material
electroplated nickel and tin samples after etch with 150 g/L sulfuric acid, 100 g/L nitric acid and 100
mL/L hydrofluoric acid for 2 min was increased by 34.2% compared with that of direct nickel and tin
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plating samples without etching. The fracture location of the interface was analyzed by SEM, and the
results showed that the area with insufficient interfacial bonding force was the damaged layer on the

surface of the semiconductor.

Keywords: thermoelectric materials; interfacial bonding strength; cutting method; sanding paper particle

size; pretreatment temperature of nickel spraying;
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Fig.2 Interfacial bonding strength of zone melt material cut

by different methods
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polished samples of hot-extruded P-type materials
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Fig.4 Interfacial bonding strength of zone melt

material sprayed nickel at different

pretreatment temperatures

2.14 EBEx R ESESERENEIE

Pl 5(a) 2 P2 [X I 4k 28 D1 1 Ji5 SR FH V9 S ok
YO FEE o R P BB 1 LT 4 s A R
YEJXTEE s AN PRI 5 ST 25 65 5 5 2 21.3 MPa,
I JE3 e R 5 b PR T SR TR 45 5 P R21.7 MPa,
JE b 2 JE3 ok ARt S T 45 5 5 R23.6 MPa, EEAS
JE b B i S 45 A TR 1 10.8% . BES(b) &N X
F A4 25 D) ) J5 SR 1R P ok S e i v R B
B S 25 Ao RS S AR LG, AR ik
R o L T 435 5 SR N 18.7 MPa; 85 du ik 1 )6 et )

100 pm

(a) P BB AR

FEh, FHHZS G R N18.8 MPa, 15 R i il il 5
KR EAERERRE, 2R BRI RS, S
255 R 2 R E T, 1X3025.1 MPa, HIET
RIGRES, RTHIE L =1E34.2%.

wob PE{
& 30F
s
o0l ‘ { }
10k
0 TR AR AR
) gzl
(a) P AU X 5541 R)
® 5
NE
40 |
REY {
s
20}t % }
10
0 R RAEL R
JEMAA
(b) N BY X 45544 K}
5 REBMEAERHEEMEBREEERNA

M ATRE
Fig.5 Interfacial bonding strength of nickel-sprayed
electroplating samples of zone melt material

corroded by different etching fluids

2.2 FERMNEHREFRLE S8

P 6(a) A1 6(b) 73 il AP TR ATNTRY #h 5% A4 4 g
S BISEM#I TSN, n LAE Hhd i #miii i 75 =X
B RLR IR T 30~60 umfIEEE, (H2 )5
A B R L A R R, KRR S
SREA SRR

100 pum

(b) N ZUFhFt i bt

6 FASFLHARINRE SEM BE AR

Fig.6 Cross section SEM morphology of hot-extruded material after nickel plating
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