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Abstract : Most of low-grad heat (< 200°C) generated from industrial process and human body,
is abandoned as waste heat. To harvest the waste heat, the thermoelectrics (TE) technology has
been widely investigated so far. However, TE suffers from poor performance and high material
cost. As an alternative to the TE device, the thermoelectrical cell (TEC) is gaining growing atten-
tion these days. The TEC features several advantages such as high Seebeck coefficient, low cost
and design flexibility compared to TE, but its commercial viability was limited by its low heat-
to-electricity conversion efficiency. However, recent reports have demonstrated that the perfor-
mance of TEC can be markedly improved by employing novel electrode/electrolyte materials and
by optimizing cell design. This article summarizes the recent progress of TECs in terms of the

redox couples, electrolyte solvents and additives, electrode materials and cell design.

Keywords : Thermoelectrochemical Cell, Thermogalvanic Cell, Thermal Energy Harvesting, Waste

Heat, Redox Couple, Seebeck

1. M = (<200°C) HEL vi-§- THS A duix|doltt. =

g A7) ouAE HIske i e g4

2 T4, AgG, dA T IASE TAL AAF (Thermoelectrics)E ©]-&-3sh= Alolth, Gxaxt
= PE NI WA Aoz 72AEH, e gt

*E-mail: dukelee@dgist.ac.kr o] &% z}o]7} oW WA Ujie] Axpe} o

-79 —



80 J. Korean Electrochem. Soc., Vol. 22, No. 3, 2019

Electrolyte

Cold electrode Hot electrode

Fig. 1. Scheme of the TEC with positive Seebeck
coefficient.
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Fig. 2. a) AT-V,. curve, b) I-V curve (black) and I-P curve (blue) with P, (shaded area) of Fe?*”** based TEC system.
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Table 1. Seebeck coefficients of combinations of various redox couples, solvents and electrodes.

S./mV KT

Salts Redox couples Electrodes . Year Ref.
(respectively)
CuSO, 0.01-0.1 M Cu(s)/Cu*" in water Cu +0.63—+0.84 2013 28
[NHy]o1Fe(SO4)2, Feyy
24/34 +0.18, +0.
2(SO4) 13, Fe(CF5SO3)an, 0.2 M Fe* in water Au 0.18,4029, 518 6
+1.34,+1.35
Fe(NOs)y3
K;4Fe(CN)g 0.1 M Fe(CN)s*>" in 0.5 M K,SO4(aq) Pt -14 1976 29
4=/3—+ 0,
Not stated 0.4 M Fe(CN)g in 20 wt% methanol Pt 29 2017 14
added water
LiFSI 0.5-3.0 M Li(s)/LiFSI in 1G* Li +2.20—+1.60 2018 10
. 0.4 M 31'/I5” in water, MPN, +0.53, +0.34,
b, Lil [Comim][BF,], [Comim][NT£]>° Pt +0.26, +0.15 201 3
Co(bpy);(NT£,)?3¢ 0.01 M Co(bpy);**" in MPN Pt +2.19 2013 30
Co(bpy)s(NT£)*> 0.1 M Co(bpy)s>"* in [Comim][B(CN),] Pt +1.64 2016 15

1G = Dimethoxyethane, °C,mim = 1-Ethyl-3-methylimidazolium, °NTf, = Bis(trifluoromethanesulfonyl)imide, ‘bpy = 2,2’-

Bipyridine
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A e F71 Sviyt o]/ A (lonic

liquid, IL)7F A+ Ut Taheri 5o wWEH,
[Co(bpy)s][BFsls®] S.= & (+121 mV KYuth
Methoxypropionitrile (MPN, +1.96 mV K hellA ©
E=9TE LS W F7Is, vIklshd, & F8A, |
271848k 44 (Electrochemical window)o] 573
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A= (nst &4 W o]29] ols% ()] WA= tha
I 2

<
u = |zle/6xnr ©)

o
7] {8l v B4 SvEEgske el AT
I Ut Kim Tol w29, me-go] 20 wi% 3
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Ale] S7F —1.43 mV K oA 29mV K2 g
AT Lazar 52 #7] &9} 1L EFHECIA
[Co(bpy)s|*** 714} TECS] A%< ZAKITE'D MPN
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SRS S8 Bt AlFe ST, ol ME=

=4y}

= 50 vol%ollA HUzhs Vet = 8] v &
of M2 y.of it A, ol Mrmd gk 3
A4 (R, Ronm)el W3l 93l P MPN:
[Comim][B(CN),] = 3:1 (v/v)olA Yebstt) o] &3t
gulS AFR3 TECO Pu. (776 mW m 2,
0.158 mW m2K?2)E MPN (220 mW m %)z}
[Comim][B(CN),] (450 mW m 2Rt} =UTh.
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i At f=Ee] 89 O et 258 slagt
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Jin & Cellulose 7]%¥F Fe(CN)s* " (aq) Aa2&
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AR 50%, Fe(CN) "= 20% Z4aFch =3 o
A Asld TECS A= 7H49] 10%l #dst= 7+
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carbon nanotube (SWNT)®} Reduced-graphene
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Fig. 3. Schematics of convection flow in TEC with different cell orientations.
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Elofok gt}
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TECS] &9 P UiA5, v TECE AE/HE
Adste] E2 AYH 29S 42 F U (Fig 4.

Fig. 4. Schematics of a) series connection of p-type cell (upper) and n-type cell (lower), b) series connection of two p-type

cells.
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Fig. 5. Scheme of series connected TEC array.
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