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Abstract Thermoelectric materials can reversely convert heat and electricity into each other; therefore, they can be
very useful for energy harvesting from heat waste. Among many thermoelectrical materials, SnSe exhibits outstanding
thermoelectric performance along the particular direction of a single crystal. However, single-crystal SnSe has poor
mechanical properties and thus it is difficult to apply for mass production. Therefore, polycrystalline SnSe materials may
be used to replace single-crystal SnSe by overcoming its inferior thermoelectric performance owing to surface oxidation.
Considerable efforts are currently focused on enhancing the thermoelectric performance of polycrystalline SnSe. In this
study, we briefly review various enhancement methods for SnSe thermoelectric materials, including doping, texturing,
and nano-structuring. Finally, we discuss the future prospects of SnSe thermoelectric powder materials.

Keywords: Thermoelectric materials, Thermoelectric performance, SnSe, Texturing, Nano-structuring

1. M = oI Adukel QiR 3 2e XY #HY o] 7ke
3h, LS o] &3t gojelE A} 7]1719] AA BHE A
9A ABE G AUAES A7) qUAZ, F& A7) o] HeolE Aol sk,
UAE AuAE HEE = = ZHE_E HE X+ &€ ’5‘]—7(]13]— AA A8 e 2xlo] BAHL oA oy
1=

o

AJAE A&E3t= YA st F/](energy harvesting) il 0] 10%A Hd) 30%] 2x]31, 2L HE
ot A4, 2 71 e e oA 26l NS A A4 o1 ) 1 PP A e R
T At} 53], Ae2Q 3H4 Oﬂﬂx]gl—ﬂ s 29 A, EI/_Q UTH1]. -] €4 Ase LA slaide
g v olert AR e FA HHAE € oY 2 I8j 714o] a1 F(PbyAl 3hetE T Tusol £3d
A& 7] AqUAR wgkste] ARgE 4= A7) Wl ANz= QA frafisted glojels AA; 71719 22 39
W O AIARCZH QT ALEL ek ER D 982 ofck. B, A AL &S W) AMIE &
A ARS o83 ANH BT A VLA T & AP0l A WAL $ 4 A A4
27} @esh, E e A7) ouAT glom oyx] W g A AR &7t FsshHA oA ek &
el 7p53fck e, o9 A Eidel ol ol vllek Aol AFEe 93 AR I A

29 BN ALBol ZF5EITE R BE Fo] WA ko] 24o] RAA g, @ AEs 2AT A%

- AWE S, AWE a5
*Corresponding Author: Byung Joon Choi, TEL: +82-2-970-6641, FAX: +82-2-973-6667, E-mail: bjchoi@seoultech.ac.kr

152



44 SnSe B4 A 8¢

o] el 9] aat AA ) 27t SE A Ha, HE S

A 2 AAE Tl T e T R
o] F7HHR1 A2l AL F 2R Ak ol# @ o)
2 3, 9H ARE A J9elN FHA HgEee

=

o]7] Y5 EA &A) el gk AEe] WY Foloh
53], @4 A% 1 AAE N 585 =olEe o
T7F Ae] 3 ABA Tk e g 8 o §
o} A QA5 EE E3] Se, Te 59 ZAA I Yo]= 7]vk
ANg7F A=) o znos}t 2L skelE FU) A7 5
o] AT= FPHA). T3k, A7 AAHA SHAE E
o @d 45 PRI Sl =3, e v 7E
3} 5o B4 A A7e 5] o] Fojx|ar Ut

2 g =FdAe g ¢4 A5 EY 1 AT N
Aol disl] NBHo =z GolRy, 11 F 53] £ AT
< Holal = SnSe Al B AEES € A NI
of gt H AT TFES 7|EstAl s

rz

.

fljo

400 600 800 1000 1200

T (K)

400 600 800 1000 1200

T(K)

A N AT 5 153
2. ¥H™ XY= o7 &

I A7) AFEEE EAZE Bi-Tedl A&7}t hESH
olt}. 1 ¢J9|= BiSe, PbTe, ZnO, SnO, SiGe, CuSe =9
Tt 771 2AlEe] @4 AEEM A7E I k. o)A
ol Bi,Tes, PbTe 5] A&7t F2 AFHAIL, 1.0 o5}
o] ¥l & T ks HAFATH2]. o= i
Al AgEo] ATHIL 9101 AgPbSbTe, NaPbSbTe 5 4
71A] o)) At FAE g 2o AlRE] tig
ATE ] Y=L Ah2]. Fig. 12> Theke 4 A
F59] 25 E g A% AFE HoFET 1 F SnSe
© @AM 2171 2,600 D3, HZole =8-S B
THAACNA 3.10] G3le 2T g% 2 v e F9d
A g o]Th3].
teFe 9 ARE Fske A, 3 s 7
|4 E497 X oS /s fIg Aol 218y
3tk 21 As AgY Ade @ B A 2T =
S*o'T/k(S, o, T, k& ZF2}F Al (Seebeck) AT, 77| A=

T, 25, 8 dirm)el 7Rkste] AE SheE AT

0,

X,

<
_l

e Single crystal SnSe doped with 6% Bi
o Half-Heuslers Ti, .Zr, ..Hf, ..NiSn
Mg:Si0 5Sn:5

v Single crystal InSe,

© Skutterudites Ba, .La,..Yb,.,Co,Sb,,
4 Clathrates Ba_,Ga,,Ge,,

> Si,Ge,,

o Bi,Te,.Se,,

* La;Te, ,;Sby,,

o (PbTe),,,(PbSe),,(PbS),,

Zintls Mg,Sb, ,.Bi, .. Te, .,

* Mg,Sn, ;,Ge;

>

o

o Single crystal SnSe
o Skutterudites DD, .
a PbTe-PbS (12 %)
v Ge,Sby,In, . Te
© BiSbTe

4 PbTe-SrTe (4 %)

> Half-Heuslers FeNb, (Ti, ,Sb
o B-Zn,Sb,

# Na,CoO, ¢

o Zintls Yb, MnSb,,

FeZ ICOI.BSbH ssno 2

o TAGS Ge,,Ad, ,:Sb, ;000 T€

0.270.07
* Cu,Se/CulnSe, with 1 mol % In

Fig. 1. Figure of merit (zT) of various thermoelectric materials as a function of temperature [S].
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Fig. 2. (a) Unit cell of SnSe (b) along a-axis, (c) b-axis, (d) c-axis [5].
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Fig. 4. Schematic diagrams of phonon scattering effects in polycrystal SnSe [S].

Table 1. Thermoelectric performance of SnSe with various methods

materials reference
SnSe single crystal 2.6 along b-axis 3
SnSe polycrystal SnO removed 3.1 at 783 K 3
Na doped SnSe ~0.7 at 773 K 6
Cu doped SnSe ~0.96 at 773 K 7
Ag doped SnSe 0.6 at 750 K 8
Zn doped SnSe 0.96 at 873K 9
Textured SnSe by 3-time SPS 1.3 at 783 K 14
Textured SnSe by solvothermal synthesis-SPS 0.6 at 773K 18
SnSe with nanoporous 1.7 at 823 K 20
SnSe nanowire 0.156 at 370 K 21
SnSe/polymer nanosheet 0.32 at 300 K 22
SnSe/SnS nanoheterostructure 4.28 at 800 K along b-axis 23
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Fig. 5. TEM images of ALD-ZnO on SnSe powders by (a) 30 rpm, (b) 40 rpm, (c) S0 rpm, (d) 60 rpm [32].
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