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Abstract: Mechanoluminescence ( ML) is generated during exposures of certain materials to me-
chanical stimuli. Many solid materials produce ML during their fracturing, however, the irreversibil-
ity of fracto-induced ML limits the practical applications of these materials. The discovery of recover-
able mechanoluminescence ( RML) creates opportunities for ML, materials to solve practical prob-
lems, such as stress probes for structural health diagnosis, stress-driven advanced light sources and
display devices, and biomechanical stress sensors. This review summarizes the research advances of
inorganic RML materials in the past two decades. It focuses on the classification, characterization,
mechanism and application of RML materials, and concludes with discussions on future directions of
ML research and specific challenges to realize real-world applications, with a view to benefitting the

development and application of such materials.
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Fig.1 Schematic diagram of mechanoluminescence
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Tab.1 Representative inorganic materials with recoverable ML and their characteristics
T HtERE S EAE PO N RIS/ nm ik
SrAl, 0, AR P2 Eu?*/Eu®* | Dy’ * 520 [6,19-21]
Ce**/Ce’* |, Ho'* 375 [22]
Eu?*, Nd** 883 [23]
Eu?*, Er** 1530 [24]
Ca, AL, Si0, HABR  P42,m  Ce* 420 [25]
Ca, MgSi, O, HAB  P42,m  Ed®*/Eu®*, Dy’* 530 [26]
(Ba,Ca) TiO, HAE Pdmm PPt 613 [27-28]
BaSi, O, N, HLA T Cme2, Eu?* 493 [29]
Sr;Sn, 0, HAR  A2;am Smd* 570, 582, 610, 624 [30-31]
Nd** 903, 953, 1079, 1 146, 1 350 [32]
LiNbO, HAE R3e P+ 619 [33]
NaNbO, A Pbma P+ 613 [34]
Ca,Nb, 0, WA B P2, P+ 613 [35]
La, Ti, O, BB P2, Pt 613 [36]
Lu; Al; Oy, LA B la3d Ce3* 530 [37]
ZnS YK Pomm Mn?* 585 [5]
Cu( *) 520 [38]
Co’*, Ag* 470 [39]
CaZn0S iR Poyme  Mn?* 610 [4042]
Cu( *) 498 [43]
Th** /P /Er* * /Ho** /Dy** /
485 ~1 390 [4446)
Sm** /Eu* /Tm?* /YB3 * /N3
S1iZn0S AR Poyme Ma " /Ho™ /LT /P /S 485 ~1 550 [4748]
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Fig.2  Schematic representation of mechanical stimuli-sig-

nal collection system of ML composite coating-*"’
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Fig.3 SEM and optical images of ML elastomers with different structures. The ML elastomers are composed of ML particles and poly-
mer elastomers. (a)SEM image of the cross-section of a composite film consisting of polymer elastomers encapsulating ML par-
ticles™ . (b)SEM image of the surface of a composite film composed of cell-structured elastomer filled with ML particles'™®!.
(¢)SEM image of the interface of a double-layer structure composed of the ML composite and the magnetic elastomer™’. (d)

[s6]

SEM image of a composite fiber with a cylindrical elastomeric fiber-frame covered by a ML layer™". (e)SEM image of a com-

[57]

posite fiber with a cross-shaped elastomeric fiber-frame covered by a ML layer™". (f)Optical image of direct writing printing of

ML composite paste[sg] .
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Fig.4 Schematic diagram of ML characterization apparatus. (a)Compression and tension tests™ . (b) Friction test™'. (c¢)Impact

test™. (d)Ultrasonic vibration test'®’. (e) Torque test™ . (£)Gas flow-driven test'®’. (g)ML test of single partlcle[(ﬁ]
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Fig. 5

ML images of different materials or devices driven by different mechanical stimuli. (a) Compression-driven ML of

SrAl O, Eu®* composite disk!”’. (b) Compression-driven ML of ( Ba,Ca)TiO,: Pr’ * composite disk!”’. (c) Stretching-

driven ML of ZnS: Cu composite film"’. (d) Friction-driven ML of ZnS: Mn** composite film®!. (e) Falling-ball-im-
pact-driven ML of ZnS: Mn>* composite film"*’. (f) Ultrasonic-driven ML of BaSi,0,N,: Eu®* composite disk'*. (g)

Three-point-bending-driven ML of SrAl,0,: Eu®>* composite device'®’. (h) Gas-flow-driven ML of ZnS: Cu composite

strips'® . (i) Gas-flow-driven ML of ZnS: Cu cylindrical composite array'®’. (j) Magnetic-induced tricolor ML of ZnS:

A" Cu-based cylindrical composite device ®’. (k) Compression-driven dual-patterned ML of ZnS: Cu/Mn”* concen-

. . .67
tric-square composite device

Stretching-driven ML pattern of elastic fabric woven by ZnS: Cu/Mn** bicolor composite fibers

. (1) Stretching-driven ML of elastic fabric woven by ZnS: Cu composite fibers

571 (m)

[3¢J " ('n) Crack-propaga-

tion-driven ML of SrAl,O,: Eu’* ,Dy** ceramic device under compression>'’. (o) Handwriting driven near-infrared ML

of CaZnOS: Nd** composite sample'

45]
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Fig. 6 ML properties and luminescent mechanism of recoverable ML materials requiring light-irradiation charging. ML responses
of NaNbO,: Pr’* composite disk under cyclic compression(a) and cyclic friction(b) 3] The insets show the decay be-
havior of ML under cyclic mechanical stimuli and the recovery behavior of ML after UV exposure. (¢)Schematic diagram

of ML mechanism of recoverable ML materials that require pre-irradiation and post-irradiation.
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Fig. 8 ML coating for stress distribution visualization and structural health diagnosis. (a)Images of ML and evaluated strain of a

central hole(10 mm diameter) on an Al alloy plate covered with ML coating under a stretching load"™’. (b) Dynamic
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ML images of a femur model covered with ML coating under a compressive loa . (¢)ML coating for onsite quantita-

tive strain imaging and effective danger-level diagnosis of a highway joint section'™’.
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Fig.9 Potential applications of ML materials in the field of light sources and displays. (a) Conceptual image of a wind-driven
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ML device that produces bright and color-tunable light-emitting patterns'™-. (b) Schematic diagram of the self-powered,

user-interactive electronic skin, which can convert a touch stimulation into an ML signal visible to the human eye and an

™! () Sensitivity enhancement and pressure visualization of pres-

[80]

electrical signal for machine control simultaneously*

sure-sensitive MoS, transistors by integrating with ML particles (d) Pressure mapping of personalized handwrit-

ing'™. (e)ML images of ML materials doping with different luminescent ions, showing different handwritten characters

[46]

and various ML colors'™'. (f) Green to blue color variation of magnetic-induced ML by modulating the frequency of the

magnetic field ®’ . (g)Skin-driven colored ML patterns'™*.
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Fig. 10  Potential applications of ML materials in the field of life sciences. (a)Image of near-infrared ML that can penetrate pork
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of ultrasound-mediated deep-tissue ML light source for non-invasive optogenetics'>’. (d) Remote regulation of optoge-

netic proteins by magnetic-triggered ML micro-devices
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