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In recent years, with rapid climate change emerging as a global concern, the urgent development of technologies
for the effective utilization of renewable energy has become paramount. Currently, thermal storage materials have
garnered attention as one of the solutions to this challenge. Generally, phase-change heat storage materials face
limitations in the long-term preservation of energy. However, if there were materials capable of retaining accumulated
thermal energy and releasing it upon external stimuli at desired timing, the potential applications of thermal storage
technology would significantly broaden. From this perspective, we have proposed externally stimulated responsive
thermal storage materials. These materials can store latent heat within until the addition of external stimuli. This article
explores long-term thermal storage ceramics composed of lambda—trititanium—pentoxide (A-Ti3Os), providing details on
their synthesis, thermal storage properties, and potential future applications.
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Fig.1 TEM image of A-Ti3Os nanocrystals in a SiO2 matrix. The
inset is an enlarged image of a nanocrystal. Reproduced from ref.
13, copyright 2010 Springer Nature.
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(a) A-Tiy0g

Fig.2 Schematic illustration of the crystal structures of (a) A-
Ti30s and (b) B-TizOs.

Fig.3 SEM image of A-Ti3Os and TEM image of nanocrystals
within flake-like A-Ti3Os. Reproduced from ref. 13, copyright
2010 Springer Nature.
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Fig.4 (a) Temperature dependence of the XRD pattern in 31.5—
33.5° for flake-form Ti3Os. The diffraction peaks of A-Tiz0s2 0 —
3 and 2 0 3 continuously transitioned to peak for a-TizOs of 02 3
with increasing temperature. (b) Peak position vs. temperature of
the XRD pattern in the angle range of 32.0-33.0°. Blue circles
indicate A-Ti30s and green square indicate a-Ti3Os. Reproduced
from ref. 13, copyright 2010 Springer Nature.
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Fig.5 The y vs. temperature illustrates the behavior of flake-
form A-Ti30s (blue circles) and single-crystal B-TizOs (black line)
under an external magnetic field of 0.5 T. Reproduced from ref.
13, copyright 2010 Springer Nature.
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Fig.6 Pressure dependence of XRD patterns and Rietveld
analyses. (a) XRD pattern at atmospheric pressure and (b) XRD
pattern of the sample pressurized at 510 MPa. Cross plot in (a)
and (b) are the observed patterns. Pattern line and gray line are
the calculated and residual patterns, respectively. Blue (upper),
red (middle), and black (lower) bars represent the calculated
positions of the Bragg reflections of A-Ti3Os, B-Ti3Os, and silicon
standard, respectively. (c¢) Pressure evolution of phase fractions
for A-Ti30s (blue circle) and B-TizOs (red square). Reproduced
from ref. 8, copyright 2015 Springer Nature.
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Fig.7 DSC charts of the pressure-produced B-TizOs with
increasing temperature and A-Ti3Os with decreasing temperature.
Pressure-released heat energy accompanying the pressure-
induced phase transition from A-TizOs to B-TizOs. Reproduced
from ref. 8, copyright 2015 Springer Nature.
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Fig.8 (a) Phonon dispersion (left) and phonon density of state (DOS) (right) for A-Ti30s. For DOS, light blue bold line, and gray

line and blue line indicate the contributions from phonons due

to Ti, O, and the total phonon DOS, respectively. (b) Phonon

dispersion (left) and phonon density of state (DOS) (right) for B-TizOs. For DOS, orange bold line, and gray line and red line
indicate the contributions from phonons due to Ti, O, and the total phonon DOS, respectively. Reproduced from ref. 8, copyright

2015 Springer Nature.
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(a) A-Ti;O5

Fig.9 Schematic illustration of the phonon mode at 445.8 cm™!
for A-Ti30s (a) and at 226.7 cm™! for B-Ti3Os (b). Arrows indicate
the direction of the movement of the atoms. Reproduced from ref.
8, copyright 2015 Springer Nature.
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Fig.10 Mechanism of the pressure-induced phase transition
based on a thermodynamic model. (a) Gibbs free energy (G)
versus A-Ti30s fraction (x) at room temperature (300 K) for
atmospheric pressure (left) and 60 MPa (right). (b) Calculated x

vs. pressure at room temperature (300 K) indicating Pu of 60 MPa.

Reproduced from ref. 8, copyright 2015 Springer Nature.
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Fig.11 (a) XRD pattern of block-type TizOs under atmospheric
pressure (upper) and after pressure applying of 60 MPa (lower).
(b) Phase fractions of block-type A-Ti3Os (blue circle) and $-TizOs
(red square) versus applied pressure. Reproduced from ref. 17,
copyright 2019 Springer Nature.
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Fig.12 Time evolution of the thermographic image on applying
pressure to block-type A-TizOs. Snapshots taken from the
thermogram of the sample on applying pressure as observed by
thermography. Pressure is applied to the sample at ¢ = 0.
Reproduced from ref. 17, copyright 2019 Springer Nature.
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temperature increases. (b) x dependence of the transition
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Society of Chemistry.
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=0.053) THolz, Mg DEBIZL Y, TRz X —BE
HERF Lo, HEEE S 200°C (x=0) 75 80°C (x=0.053)
FCEFLEZZ &2 Lz (Fig13(b) . Z ORI
DK T, fESENOXMIC X DHAEER T A —% O
WX > TINS5, 19

LERE O T, Sc B#iE N7z A-TisOs THEH I
TW5,19 Sc E# A-Tis0s I% 100°C% F[E]5 67 °CTHEL
B—27 2R LTEY, fid CRESEOPEE T 3L X — D[]
WA SN D, B HEFEIC LWL, BFEVRE (=AH
/AS) DAL TFIX, Sc BEHIC X DAHEDOWD & IR ST
%,

b.FEEHERE

AR T, SMEBRNSIS AR OB EF \-Tis0s &, D4
BEHMBHZOWT, WBERReE & BEAEICE S 2 HTT
fEE U7z, A-Tis0s 1L, B-TisOs & DRI X » TH 2 722,
TRAX—FREMBREL, MENEZENT 2 LT
FLEDHA IV T TE L o XX — & TE D88
ThD, FETE, BALTI v AORMBICE LY
ZEHH LT, T2 TIE, A-ThOs DFER &, ZOWHaks
M%, HFIZ A-TisOs & B-TisOs DFIERBICEREZ Y TRE S
A L7z, BT, A-Tiz0s 205 B-Tis0s ~DJE N
FHERS & A B = X KZOWTRI Lz, HNETIE, HE
BEAZ BT 572007 Fa—F 2k 7-, BARIIZIE,
AEH A X (T A X)) 2RELTHZET, Bkt
WZ BB E )% TMPa £ TR S 7=, —7F, Ti % Mg % T
BT AL, FARENMUKT A EER L, 20X
TRRE R IR B AR 2 R T B LM B, ZlichTs B
S OFTREME A FRD TV D, il 21E, ATisOs & V=
~ 77— O BEHEBMLICEXE, =Y UEBFORE
AR (B L, XHEREZICHBENBO T AT A
EMBATAZENTEBELEEZZLND, EHIC, RNEFE
IR % B> Mg @R A-TizOs 1, BEATSC LHE CTRAET
BHEERNAEEUN L, BRIRT 288 E LTSRS NS,
Sc B A-Tis0s TEEINZAKDOWALL T CHiET 2 &
BWEREIL, BT T P DOE—E L DEHEIKN BT R
F—AREILATRE L B S, Zaud, KR LFAERS L
TEIERHEIFTHS,

A-Tis0s 13, ZFEEMLIAMC G, RIR TR0 E R
AL F o TRESR, BIHEAA v F o TRt %2R T,
ZHBEMBICH D, TNODAA v F o FHEREIT, SEiER
REBFTNA AL > THANRFHETH D, BHEET
HY SNTTRENOEREN TS A-Tis0s MEO L& 7
AIREPEI, 1320 OMFEF E 51 & O, M A =
R LD, HRx B TEORRE, B LWOERE M
DB L, FREFEMNC S RWVIZHER 2T 5,

#Ho
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By [ A GREES : 20H00369) |, B RPHRIER
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