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Fig. 1. (a) Carbon nanotube (CNT) paper and (b) CNT aerogel electrodes with schematic illustration of ion transport; insets show

corresponding SEM images P!l (c) polarization curve of the CNT aerogel electrode, with inset showing the relationship between limi-

ting current and ferricyanide concentration!; (d) SEM top view of pristine CNTsP?; (e) SEM top view of CNT-graphene hybrid*?;

(f) SEM cross-sectional view of the CNT-graphene hybrid.
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Fig. 2. (a) Schematic of thermocell®; (b) short-circuit current and open-circuit voltage of the thermocell under different temperat-

ure gradients®); SEM image of (c) the electrode of the thermocell and (d) electrode coated with an oxidized multi-walled carbon
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Fig. 3. (a) Schematic of thermocell operation®”; (b) effect of [Fe(CN)g]* /** concentration on ionic conductivity and thermal conduct-

ivity of the thermocell®; (c) effect of [Fe(CN)g|*/* concentration on P,

and P,./(AT)? (inset)?; (d) photos of 0.4 mol/L

max

[Fe(CN)g]> 7+ before and after adding Gdm*P4; (e) photo of a single-plane TC-LTC thermocell®; (f) thermal conductivity of LTC

and TC-LTC at different temperatures®); (g) schematic of thermocouple enhancement mechanism induced by Gdm*; (h) relative

redox species concentrations in soaking solutions with different CHgCIN;3 concentrations®; (i) thermal conductivity of thermocells
with 0-4.0 mol/L CH¢CIN; and 0.3 mol/L [Fe(CN)g]*/* as soaking solutions.
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(a) H BT ATE0CR 5.5% RS 0.1 mol/L [Fe(CN)gJ? /il & I %E I HE 7 Bl 7 0.1 mol /L [Fe(CN)g]* /¥ EE T, (b) A HE
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Fig. 4. (a) Photo of gel made from 5.5% agar (mass percent) and 0.1 mol/L [Fe(CN)g?/*¥; cyclic voltammograms of (b) liquid
thermocell and (c) gel thermocell at various scan rates, normalized at 0.1 mol/L [Fe(CN)g]* /4 (d) relative cooling power required

when CR2032 cells experience shorting, with a cold aluminum block applied and maintained at 15 °CEBl; (e) j, of electrodes with dif-
ferent treatments in 0.1 mol/L [Fe(CN)g]* /*, with hot and cold sides at 35 °C and 15 °C, respectively!®l.
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Fig. 5. (a) Components of the thermocell and photo of the assembled planar thermocell (inset: working principle diagram)b!;

(b) photo of thermocell assembled with cylindrical CNT electrodes®!; (¢) power density vs. current density of thermocells with dif-

ferent electrode treatments®; (d) schematic of thermocouple structure, SEM image of MWNT foam carbon electrode, and optical

image of sponge cellulose thermal separator®; (e) power density of the thermocouple under different temperature gradients com-

pared with other planar typesP’; (f) performance comparison of planar, finned, and needle electrode thermocells®.
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Fig. 6. (a) Schematic of cellulose aerogel-based TEC for thermoelectric conversion®; (b) infrared images of LE-TEC (top) and AE-
TEC (bottom) side views under sunlight®™; (c) temperature-dependent effective k4 of LE-TEC and AE-TECP; (d) photos of AE-
TEC thermocells with different heights: AE-H 2.0, AE-H 2.5, and AE-H 3.00%; (e) photos of AE-H 2.5 and AE-H 2.5-foam TECs,
with EPS foam covering the aerogel topl¥; (f) current-voltage and power—voltage curves of AE-H 2.5 and AE-H 2.5-foam at 23 C
after one sunlight exposureP®; (g) components and schematic of tubular TEC devicel®; (h) SEM image of ASE 2-2 electrodel®;

(i) power density vs. load resistance of ASE 2-2 TEC under different temperature gradients.
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SPECIAL TOPIC—Heat conduction and its related interdisciplinary areas

Research progress and perspects of thermal conductivity
regulation in ionic thermocells®

LIU Lili ZHANG Ding! MA Rujun’

(School of Materials Science and Engineering, Nankai University, Tianjin 300350, China)

( Received 18 April 2025; revised manuscript received 5 June 2025 )

Abstract

With the increasing demand for sustainable energy technologies, ionic thermocells are receiving more and
more attention due to their potential to correct low-grade heat by directly converting thermal energy into
electrical energy. Among the key performance indicators, the effective thermal conductivity (k.g) plays a crucial
role in maintaining internal temperature gradients and enhancing overall energy conversion efficiency of

thermocells. However, compared with the extensively studied thermopower (S;,) and electrical conductivity (o),

Kegr has received less systematic attention. This review

summarizes recent advances in the regulation of

thermal conductivity in ionic thermocells, focusing on &&?& Oebj

its crucial role in thermoelectric performance. We égOQ e O%Q
discuss the influences of electrode materials, electrolyte f o : %eé
compositions, and device architectures on heat 7§’ 2 W (%,
transport, and highlight representative strategies § ;‘é y - I u";é
involving materials engineering and structural design = 2 5| ®eroi® in E

to optimize the synergy between thermal conduction Ry g

and ionic conduction. Finally, we outline future Thermal conductivity
directions such as material optimization, interface Rt

engineering, and improved thermal characterization S

Llocy g
techniques to promote the development of next- cirolyiel

generation high-performance thermocells.
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