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ABSTRACT 

 
This Review discusses triboluminescence (TBL) and triboelectrification 

(TBE): their basics, mechanisms, characterization, and applications. The word 
triboluminescence refers to the concept of releasing photons by mechanical action. 
Tribocharging, a related concept, refers to the idea of separating positive and negative 
charges by means of, again, mechanical action. In general this action may involve 
breaking, rubbing, or peeling. In the case of adhesive tape, charge separation occurs 
during the process of peeling. The name triboluminescence comes from the Greek 
tribein ("to rub") and the Latin lumen ("light"). 
S 
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1.  INTRODUCTION 

 

Triboluminescence (TBL) is defined by the Oxford English Dictionary as the emission 
of light from a substance caused by rubbing, scratching, or similar frictional contact1 or, more 
generally, as the quality of emitting light at interacting surfaces in relative motion. It should 
be noted that the substance referred to in this definition may include both the materials of the 
contacting bodies and the surrounding gas or liquid, e.g., atmospheric air and lubricating oil. 
The art of making fire by rubbing two wooden sticks together is a prehistoric example of how 
light emission can be produced by friction first due to incandescent radiation and then due to 
chemical reaction of wood oxidation2. Also triboluminescence can naturally occur when 
frictional contact is composed of dielectric materials susceptible of intensive frictional 
electrification. In this case triboluminescence is usually manifested by a shine or lightning 
around the frictional contact and is related to electrical discharge with gas or liquid. This 
phenomenon can be observed during precise turning of glassy polymers by a diamond tool in 
dry air3, in which process weak glowing occurs around the cutting tool near the cutting edge 
as well as at the rake surface of the tool.  
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2. BASIC PROCESSES AND MECHANISM  
 

During long time it was believed that frictional heating is the dominant mechanism for 
many tribophysical and tribochemical phenomena including triboluminescence. This belief 
was induced by the empirical evidence coming from the observation of heat generation in 
heavily loaded joints and brakes. Nevertheless, as early as 1792 Saussure demonstrated that in 
certain cases light could be obtained under such conditions that a pure temperature radiation 
was altogether unlikely4. 

Triboluminescence (TBL) is produced due to the contact phenomenon like 
triboelectricity, tribo-chemical reaction, tribo-thermal generation, etc. induced during the 
contact or seperation of two dissimilar materials in contact. The triboluminescence depends 
upon the nature of the material under deformation and the material used for producing 
deformation. Hence, the triboluminescence arises due to contact electrification/contact 
phenomenon. 
        Despite the technological significance of contact electrification, there is little 
consensus on how charge transfers from one material to another upon contact. The elementary 
charge-transfer step could involve the transfer of either an electron or an ion (Figure 1)8; the 
transfer of bulk material is also possible, but is relevant only to the extent that it transfers 
charge. Contact electrification between different metals almost certainly involves the transfer 
of electrons from one metal to another (reflecting the different electron work functions of the 
metals)5,6. The observed correlation between work function and contact electrification for 
metal–metal contact supports this mechanism5. Most researchers have assumed that the contact 
electrification of insulators also involves the transfer of electrons6,7, but experimental 
observations appear to contradict this view. The contact electrification of insulators does not 
correlate with bulk electronic properties, such as the dielectric. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Possible mechanisms of charge transfer. a) Transfer of an electron. b) Transfer of an ion. (After 
Mccarty et al.  ref.8) 
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3. ELECTRON-ATOM  INTERACTION 
 
Electromagnetic radiation is produced by the deceleration of a charged particle when 

deflected by another charged particle, typically an electron by an atomic nucleus. The moving 
particle loses kinetic energy, which is converted into a photon because energy is conserved. 
The term is also used to refer to the process of producing the radiation. "Bremsstrahlung" 
means "braking radiation" and is retained from the original German to describe the radiation 
which is emitted when electrons are decelerated or "braked" when they are fired at a metal 
target.  
       Accelerated charges give off electromagnetic radiation, and when the energy of the 
bombarding electrons is high enough, that radiation is in the x-ray region of the 
electromagnetic spectrum. It is characterized by a continuous distribution of radiation which 
becomes more intense and shifts toward higher frequencies when the energy of the bombarding 
electrons is increased. Figure 2 shows Bremsstrahlung radiation curves that were produced 
when electrons of four different energies bombarded tungsten targets. The Bremsstrahlung 
radiation curves are easily reproducible when working with radiation in the x-ray region, and 
are very distinct and recognizable from other types of curves that are produced by radiation9. 
According to Planck-Einstein hypothesis, the emission of EM radiation occurs in the form of 
photon, each photon carrying an energy hυ. The maximum energy that an X-ray photon can 
have is given by   
                        hυmax = eV   and,  therefore  

                        υmax =  and, 

                          =  

 therefore         λmin =   

                                  = 
.   

  

.
  

                            = 6.6×10-34 Js ×3×108 m/s/(1.6×10-19 C)V 

  =   A0 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Bremsstrahlung Curves 
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4. CHARACTERISTICS OF THE TRIBOLUMINESCENCE 
 
4.1  Effect of Pressure on Triboluminescence 
 

Nevshupa10 reported that uniform and/or burst triboluminescence (TBL) modes were 
observed during sliding of a diamond pin on a soda-lime disc in an Ar atmosphere in the 
pressure range between 105 and 10−2 Pa. Various combinations of these modes produced four 
behaviour patterns of the triboluminescence: chaotic weak bursts under gas pressure below 20 
Pa, periodic strong bursts in the pressure range between 20 and 300 Pa, chaotic bursts with 
uniform TBL between 300 Pa and 10 kPa, and uniform TBL only at pressures beyond 10 kPa. 
Analysis of histograms of the PMT output time series revealed two kinds of distributions: bell-
shaped and exponential-like, which corresponded to the uniform and burst TBL modes, 
respectively. This finding allowed studying the effect of gas pressure on each TBL component 
independently. The uniform mode increased in intensity when the gas pressure decreased from 
100 kPa to 300 Pa and vanished below 300 Pa. The burst mode also increased with decreasing 
gas pressure and reached a maximum at approximately 170 Pa. When gas pressure further 
decreased this mode weakened but did not vanish. 
 

 
 

Figure 3. Schematic drawing for illustration of the TBL behaviour patterns in four pressure regions. The 
main plot shows the mean TBL intensity as a function of the gas pressure. (after Nevshupa 2013 ref.10) 
 
4.2  Peeling Velocity and Triboluminescence 
 

TBL intensity strongly depends on the peeling velocity of the tapes. Two different 
modes of peeling adhesive tape have been observed involving steady and non-steady crack tip 
motion. Steady peeling at low velocity result in a rubber surface which appears white due to 
light scattering from relative large surface roughness. Steady peeling at high velocity result in 
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much smoother (and transparent) rubber film11. However, as a function of the crack tip velocity 
there is a gradual change in the surface topography as shown in figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  The crack- tip process zone for low peeling velocity (b) The crack- tip process zone for high  peeling 
velocity (after Persson et al.  ref.11) 
 
4.3  Triboluminescence and Contact Stresses 
 

Triboluminescence intensity strongly depends on the contact stress acting on the 
bodies in which can be controlled by an external loading force or the mechanical properties of 
the composite. The contribution of volume fraction of phosphors to TBL can be explained as 
an increase of emission probability and an improvement of structural stiffness. Frictional force 
is found to be a critical factor governing the emission intensity due to sliding deformation 
which is consistent to contact mechanics12. According to the observed results, a relationship 
of the total TBL intensity and exerting stress is empirically suggested as A[exp (Bσ2) - 1]. 
 
4.4  X-rays and Triboluminescence 
 

X-rays in the peeling of Scotch tape follow the physics of CRTs. The separation gap 
between the adhesive and PE in a vacuum allows electrons from the PE to be accelerated to 
high velocities at electrical breakdown. Upon collision with the adhesive, the x-rays are 
produced by bremstraahlung. The x-ray production relies on electron transfer by the 
photoelectric effect. The Planck energy at VUV levels necessary to charge the adhesive by 
removing electrons is induced from the thermal kT energy of atoms in NPs by QED induced 
EM radiation. Only NP diameters less than 100 nm have the necessary EM confinement to 
induce VUV radiation. The simulation of x-rays is described through simple calculations based 
on the production of 100 nm NPs. Smaller NPs and MPs are ignored, although they also will 
be produced in peeling tape.  Experimental data on the number and distribution of NPs is 
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required to complement the x-ray calculations. X-rays from Scotch tape and not duct tape is 
explained by NPs less than 100 nm that produce VUV radiation are more likely to form in the 
thin Scotch tape while MPs are likely to form in duct tape. The generality of QED induced EM 
radiation not only allows x-rays to be inherent in tribology but that all of electrostatics may be 
unified through NPs, e.g., static electricity from NPs that form in rubbing of solids, and 
atmospheric electricity from ice NPs that form from frosted surfaces of upward moving water 
droplets in the draft of a thunderstorm13. 
 
4.5  Effect of Friction and Humidity on the TBL and TBE 
 

Despite a number of works on triboluminescence of ceramics, only limited researches 
have been carried out in the field of polymers. Nowadays, polymers are used for numerous 
machine parts and the TBL phenomena can have undesired effect on their operation life, safety 
and reliability. As polymers can be easily charged during friction, triboluminescence is likely 
to occur wherever polymers are in rubbing contact. However, not much attention has been paid 
on the TBL of polymers since the TBL usually occurs in the UV range, while if the TBL is 
visible, its effect is often neglected. The gas discharge associated with the TBL from polymers 
releases charged particles and photons of extremely high specific energy14. 

The mechanism of Triboelectrification (TBE) is essential for the process of the TBL. 
However, it is difficult to measure how much charge has been generated. This is because the 
measured charge on each surface reflects the resultant charge after the recombination of 
charges as a result of the discharge between them as well as charge leakage through the bulk 
or on the surface. However, charge can be measured when the gas discharge is suppressed and 
the materials of high electrical resistance are used. 

Environmental humidity is one of the most influential factors in triboelectrification 
(TBE)15, which would then give rise to the change in TBL. When relative humidity (RH) 
increased from 0 to 58% the TBL intensity also increased. This process was associated with 
the increase in the surface charge that was especially intensive between 10% and 58%. 
However, the saturation charge on both polymers at 10% RH was higher than both at 0% and 
58%. The relationship between the charging rate/saturation charge and photon amount led to 
the conclusion that TBL rate is determined by the charging rate per one frictional contact and 
not by the saturation charge on the surface. It is worth mentioning that almost no TBL could 
be observed at 0% RH, although the leakage rate is expected to be the lowest. This finding can 
be due to the limited number of charge carrier which inhibits a subsequent discharge between 
surfaces. This means that charges have to be carried by ions (H3O+ and OH-) generated from 
the adsorbed water16. On the other hand, when the relative humidity increased to a certain 
value, the surface charge decreased due to discharge and recombination. 
 
5. APPLICATIONS OF TBL 
 

One useful application of triboluminescence is in detecting impact damage of 
materials. Using triboluminescent compounds that glow when struck, researchers are 
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attempting to make impact damage in composite materials easier to detect. Triboluminescence 
emission may be generated by grinding the material under investigation in a sample holder, 
such as a simple test tube. This test tube is arranged, with appropriate coupling optics, at the 
entrance slit of a high throughput spectrograph and CCD system. Triboluminescence is 
generally weak, and the spectroscopic system should be fully optimized to give the best 
possible signal-to-noise ratio (S/N). A LN2-cooled CCD detector, with a high quantum 
efficiency backilluminated CCD is ideal for this experiment. Backilluminated CCDs offer high 
quantum efficiency (typically 90 % at 650 nm), so the sensitivity is enhanced17. 

The emission of electromagnetic radiation (EMR) can be utilized in developing 
sensors smart materials. This technique can be implemented in powder metallurgy technique 
also. EMR is one of these emission which accompany large deformation. If an element can be 
identified which gives maximum EMR response with minimum mechanical stimulus then it 
can be incorporated into main material and thus set new trends in the development of smart 
material. The deformation induced EMR can serve as a strong tool for failure detection and 
prevention18. 
 
6. CONCLUSIONS 
 

We have discussed in this article TBL and their characteristic behavior on different 
parameters. Triboluminescent materials that contain covalently bound ions and mobile counter 
ions develop a net electrostatic charge upon contact with other materials. Substantial evidence 
suggests that this charge is due to the transfer of mobile ions to the surface in contact with the 
ionic material. With an understanding of this ion-transfer model of contact electrification, one 
has a rational approach to the design of triboluminescent—materials that bear a net 
electrostatic charge as a result of an imbalance between the number of cationic and anionic 
charges in the material. Despite some real advances in our understanding of contact 
electrification, many questions remain unanswered. The fundamental mechanism of contact 
electrification between insulating materials still eludes us, although the proposed hydroxide-
adsorption mechanism makes several testable predictions. There are also a number of 
important technological questions. One is whether we can use our emerging understanding of 
contact electrification to create materials that will not become charged upon contact. Further 
study of the phenomenon is needed before even an hypothesis for the mechanism can be made. 
In spite of the conflicts introduced by the ionic mechanism, it seems more likely than an 
electronic mechanism. 
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