
J. Pure Appl. & Ind. Phys. Vol.3 (1), 11-14 (2013) 

Journal of Pure Applied and Industrial Physics Vol.3, Issue 1, 1 January, 2013, Pages (1-67) 

Elastico Mechano Luminescence In Crystals 
 

MANAS  KUMAR  SAHU 
 

Indra Kala Sangeet Vishwavidyalaya Khairagarh, C. G., INDIA. 
 

(Received on: October 10, 2012) 
 

ABSTRACT 
 
Present paper  reports phenomenon of mechanoluminescence 
(ML), ML measuring devices and the applications of ML. The 
characteristics of the elastic ML of mechanoluminescent  material 
such as SrAl2O4:Eu microparticles mixed in epoxy resin and the 
thin film of  ZnS:Mn nanoparticles are discussed in which elastico 
ML was induced either by slow compression or by impact stress. 
The piezoelectrically-stimulated  detrapping  model is found to be 
suitable for the EML of SrAl2O4: Eu microparticles  and   ZnS:Mn 
nanoparticles. The applications of mechanoluminescent materials 
in stress, fracture, impact and damage sensors, displays; 
visualizations of the stress distribution in solids are discussed. The 
perspectives for research on ML are explored. It is shown that the 
development of a safety monitoring network  system using ML 
sensors to detect danger’s sign of structural objects such as 
pipelines the use of ML sensors in getting prior information of the 
occurrence of earth quakes and mine-failure are the current 
challenges in this field. 
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Mechano Luminescence.  

 
 

1. INTRODUCTION 
 
 Cold emission of light is known as 
luminescence. In general, the light emission 
induced by any mechanical action on solids 
is known as mechanouninescence ML. The 
phenomenon of light emission induced by 
elastic deformation of solids is known as 
elastico mechanoluminescence EML in 

which elaastico ML, plastic ML, and fracto 
ML are the types of ML induced by elastic 
deformation, plastic deformation and 
fracture of solids, respectively. Light 
emission takes place during friction of    
silky shirt on our body and also during 
separation of adhesive tape from substrate. 
Such phenomenon of light emission induced 
by rubbing or separation of two solids in 
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contact is known as tribo ML or 
triboluminescence. The appearance of 
triboluminescence in modern adhesives and 
other polymers has brought it to the attention 
of mothers using diaper tape , photographers 
unrolling film and the many users of duct 
tape. 
 
            Whereas nearly 50% of all inorganic 
salts and organic molecular solids show ML 
during their fracture, only a few solids 
exhibit ML during their elastic and plastic 
deformation. The ML intensity of 
SrAl2O4:Eu, etc. is so intense that it can be 
seen in day light with naked eye. To date, 
most studies of ML have been made on 
coloured alkali crystals, II-VI 
semiconductors, sugar crystals and 
SrAl2O4:Eu phosphors1-6. In the past, the 
phenomenon of ML has been reviewed by 
Mayer et al.2, Walton3, Molotskil4, and 
Chandra1, where the history and other details 
of ML can be obtained. 
 

 Although the phenomenon of ML 
is known for a long time, in the past no 
practical application could be made because 
of the low ML intensity of the materials and 
lack of reproducibility. In the recent past, 
systematic material researches have been 
done and they have resulted in producing a 
variety of materials that emit an destruction. 
So for the most promising elastic 
machanoluminescent materials are: rare-
earth doped alkaline aluminates and the 
transition metal ion doped zinc sulphide. In 
recent years, significant experimental studies 
have been made and remarkable upgrading 
in the intensity of elastic ML has been 
achieved in the SrAl2O4 doped with 
europium by controlling the lattice defects in 
the materials6-14. 

 The paper of ML has become a 
topical problem from fundamental viewpoint 
because of the studies on the non thermal 
conversion of mechanical  energy  to light 
energy and it has also become interesting 
from practical viewpoint because of 
developing new generation optical sensors 
for recording defects and damages in 
particular, in automobile or aeroplane parts. 
The present project mechanoluminescencent 
materials, devices for ML measurements, 
and application of mechanoluminescent  
materials. 
 
2. DEVICES FOR MECHANOLUMINE- 
    SCENCE MEASUREMENTS 
 
 Three kinds of devices are 
needed for the ML measurements; namely, 
devices for deforming the sample, devices 
for monitoring ML and devices for spectral 
measurements. 

 
2.1 Devices for deforming the sample 
 
 Different deformation techniques 
used for the systematic measurements of ML 
are: compression technique, bending 
technique, stretching technique, loading 
technique, piston technique, impact or 
impulsive technique, needle impact 
technique, cleaving and cutting technique, 
laser technique, ultrasonic technique, 
shaking technique, air blast technique, 
scratching technique, grinding and milling 
technique and  tribo or rubbing technique. 
The compression technique and piston 
impact or impulsive technique  have been 
used by many workers. 
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2.2 Devices for monitoring ML     
 
 The devices for measuring the 
mechanoluminescent  output intensity   are: 
photomultiplier tubes, semiconductor diodes 
and CCD cameras.  
 
2.3 Devices for spectral measurements  
 
 For recording the ML spectra the 
following devices can be used: (1) 
Spectrograph using a photographic film, (2) 
dual-beam spectrometer, (3) images 
intensifier with photographic film, (4) image 
intensifier with an array of diodes, and (5) 
non-intensifier optical multichannel analyzer.  
 
3.  APPLICATION OF MECHANO- 
     LUMINESCENT MATERIALS 
 
 The elastico ML of ZnS:Mn and 
SrAl2O4:Eu Dy microcrystals or 
nanoparticles and fracto ML of microcrystals 
have been found useful for the following 
purposes: 
 

(i) Mechanoluminescence damage sensors: 
Simple sensing  technique for determi-
ning the real time both severity and 
location of structural damage in 
composite by dynamic impact event, is 
often needed, but such technique are not 
available before the investigation  of 
mechanoluminescent damage sensors.  
 

(ii)  The intense fracto mechanolumines-
cencent material of several  micron size 
is mixed in liquid resin and then cured at 
between 120 and 2000C, whereby the 
occurrence and severity of the damage is 
given by the intensity of the  resulting  
mechanoluminescence light.  

(iii)  Monitoring of the position of damage  is 
achieved either by designing an array of 
sensors, with each sensor in the array 
comprising a different mechanolumine-
scent  material and thus mechanolumine-
scencing over a discrete wavelength 
range, or by designing an array of 
mechanoluminescence sensors with each 
and every sensor having the same type 
of mechanoluminescencent material 
whereby wavelength-shifting is produced 
using a range of conventional fluorescent 
dyes in which the mechanoluminesce  
from the doped resin pumps the dye, 
which then emits at a different 
wavelength. Such as arrangement allows 
location monitoring simply by detecting 
the wavelength of the emitted light.  
 

(iv) Each sensor in the array can be fiber-
optically connected to a central detector 
capable of measuring in real time both 
the intensity (for damage occurring 
severity) and wavelength (for damage 
location) of the emitted light.  
 

(v) In such sensors, no light is emitted until 
the crystalline mechanoluminescent  
material has actually fractured, 
therefore, no false alarms are generated. 
 

(vi) The ultimate objective is to fit an 
airplane with a “pain-sensitive skin”  
containing a “nervous system” of 
embedded optical fibers. When an 
impact cracks the doped resin, it sends a 
tiny flash of  light thus the ML intensity 
of light directly gives the magnitude of 
the damage, and the wavelength of the 
light emitted indicate  the location of 
damage, for example, it discriminates 
between impact to a tailfins or wing. 
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4.  CONCLUSIONS 
 
 The important conclusions drawn 
from the present paper are as follows; 
 
1. The application of mechanoluminescent 

materials in stress, fracture, impact and 
damage sensors, of discussed in 
addition, the use of ML in security 
pigment, non destructive testing of 
materials, and online monitoring if 
grinding process, have been reported.  
 

2. Perspectives for ML research are 
explored and it is shown that new ML 
materials with reproducible and 
undiminished intensity, persistent ML, 
ML sensors for recording defects and 
damages in structures ML emergency 
light sources, and ML lighting devices 
will be important and  useful.  
 

3. It is shown that the development of 
safety monitoring network system using 
ML sensors detect dangers sign of 
structural objects such as  tennels,  
pipelines etc. earthquakes and mine-
failure prior information of the 
occurrence of earthquakes and mine- 
failure are the current challenges in this 
field. 
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