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ABSTRACT 

 

THE TIME DEPENDENCE  

OF THE X-RAY TRIBOLUMINESCENCE OF ADHESIVE TAPE 

 

 

Karl Decker 

Department of Physics 

Bachelor of Science 

 

An analysis of the time dependence of the x-ray triboluminescence of adhesive tape, as 
well as methods of study of the same. When peeled from its roll it a vacuum, 3M Scotch 
brand adhesive tape releases x-rays in amounts potentially sufficient for medical and 
other use. We show that a single belt of tape continuously peeled in vacuum also emits x-
rays, but with a time dependence of intensity that goes like ê(- β t), where t  represents 
time and β is a constant. The mean energy of x-rays produced also decreases with time. 
Differing electronegativities between the peeling surfaces cause the charge separation 
that leads to triboluminescence; our experiments demonstrate how the flow of adhesive 
from surface to surface undermines that difference in electronegativity over time, 
accounting for the time dependence observed.  
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1 Introduction 

1.1 Motivation 

X-rays photons have found their way into many, many aspects of science and 

technical work today. Medical technology requires strong x-ray sources to image bones, 

identify problems in the lungs, treat cancers, and conduct CAT scans to investigate other 

issues in the body’s interior. Scientists and technicians use x-ray sources to probe lattice 

structures, determine the integrity of a weld, image tiny objects, scan luggage, and even 

analyze old paintings. Many professionals depend on use of x-ray generating machines 

from day to day.  

Unfortunately, these professionals must work under significant constraints: 

current x-ray generation machines are heavy, expensive, and require large amounts of 

electrical power. These issues arise from the fact that generating x-rays requires the 

acceleration of electrons across a potential difference of tens or hundreds of kilovolts. 

While technology has advanced to the point of handheld x-ray fluorescence devices, the 

cost of such machines remains high. At the time of this writing, vendors on EBay list 

handheld XRF devices at prices from $23,000 to $30,000.  

X-ray triboluminescence offers a way to make lightweight, cost-effective, 

portable x-ray generators a reality. A single roll of 3M adhesive tape, unwound from its 

rolls in a vacuum, produces x-rays of sufficient intensity to image a human finger bone.1 

After a few years of research into this phenomenon, a group called Tribogenics recently 

developed a prototype triboluminescent x-ray source that fits in the palm of a hand.2 

Useful, portable x-ray technology based on triboluminescence has already arrived.  
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Although its use rapidly approaches the commercial stage, the scientific 

community’s understanding of x-ray triboluminescence remains far from complete. My 

research project aimed to more fully uncover the physics of this phenomenon through a 

study of the time-dependence of the intensity and energy of x-rays from a belt of 

adhesive tape continuously unwinding in vacuum. 

 

1.2 Triboluminescence 

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.  

Most theories regarding adhesive tape’s x-ray triboluminescence involve a 

phenomenon called bremstrahhlung. Bremstrahhlung, German for “braking radiation,” 

refers to the photons released by charged particles when rapidly decelerated by 

interactions with other charged particles. The photons released by this mechanism follow 

a broad spectrum as pictured below.3 Several others1,4,5 have posited that the x-rays 

observed from peeling adhesive tape come from electrons accelerated between the 

peeling surfaces. However, attempts to explain how electrons reach the requisite energies 

have met with mixed success.1,6,7 My own data tends to support the idea of 

bremstrahhlung as the mechanism behind x-ray triboluminescence.  
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Figure 1. Spectral curve of bremstrahhlung with κα, κβ  characteristic lines. Adapted from Grieken 
and Markowicz, Handbook of X-ray Spectrometry.3 

 
In the course of studying triboluminescence, it becomes necessary to know a little 

about x-rays as well. X-rays, in this case photons of energy ~10 keV, pass unhindered 

through acrylic and plastics but stop dead at a sufficiently thick layer of metal. Even 

aluminum foil may block a significant percentage, which interfered significantly with J. 

Decker’s efforts to characterize the angular dependence of scotch tape’s tribogenerated x-

rays.8  

 

1.3 Prior work 

A number of authors have contributed to this field. In the way of experiments and 

observations, some have documented very selective pressure dependence,1,5,8 while 

others have witnessed distinct angular dependence.5 Theories and models to account for 

the observations abound as well, ranging from a consideration of quantum 
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electrodynamics9 to the roughness and conductivity of the adhesive tape surface.4 A few 

of these are worth discussing.  

One researcher in particular, a BYU-Idaho alumnus named Jarom Decker,8 

provided a foundation of technical know-how essential for my own group’s work. His 

efforts left a legacy of equipment, methods, and initial research directions that helped 

begin my triboluminescence research. Ultimately I disagree with his analysis of the time 

dependence of a continuously peeling belt of adhesive, but without first working as a 

volunteer on his project, I would never have thought to investigate the mechanisms of 

triboluminescence’s time dependence in the first place.  

J. Decker used a vacuum chamber made from PVC piping, an acrylic plate filled 

with ports, and aluminum foil that reached an ultimate pressure of ~3 milliTorr. Besides 

comparing the spectrum of x-rays the tape emitted to that of known bremstrahhlung, he 

also amassed a collection of stepper motors for peeling the tape and built a detector array 

capable of measuring the angular dependence of the x-rays emitted.  

 Dr. Carlos Camara and his group1,2 rediscovered the x-ray tape phenomenon iin 

2008; their work sparked off a multitude of others into further research. They showed that 

tape peeling off its roll emits x-rays sufficient to image a human finger bone. Further, 

their paper in Nature displays a comparison of the timing of x-ray bursts to the force of 

peeling. They later formed a company called Tribogenics and developed a prototype 

triboluminescent x-ray generator. 

 One group from the University of Wollongong, in Australia, attempted an 

explanation of the mechanisms of x-ray emission that included an explanation for the 

observed pressure dependence.5 According to them, the adhesive and polyethylene 
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backing trade ions in such a way as to build up a large potential difference between the 

two; the presence of ordinary atmosphere allows charge to flow before the potential 

difference reaches kilovolt levels. In other words, atmospheric pressure short-circuits the 

triboluminescence process in such a way that x-rays never appear.  

 Another group at MIT4 dug into the mechanisms surrounding x-ray tape’s 

triboluminescence. Specifically, Doctors Persson and Lazic devised a computer model 

which showed that even if the tape as a whole lacks the charge density to set up kV 

potential differences, the roughness of the surfaces involved could allow charges to 

bunch up and create immensely magnified electric fields in some places. Electrons 

hurtling across the divide in these areas could indeed reach the keV levels necessary to 

produce x-ray photons. The computer model which returned these results required 

extraordinary roughness on the part of the tape; crucially, later experiments6 by the same 

group confirmed that adhesive tape has something close to the roughness required.  
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2 Methods 

2.1 Building the apparatus  

Studying x-ray triboluminescence requires a vacuum chamber with very specific 

characteristics. Our project in particular called for an ultimate pressure on the order of 1 

millitorr, removable chamber walls transparent to both visible and x-ray radiation, 

minimal interior volume and four separate ports packed closely into the chamber’s 

bottom. Building the chamber required the effort of a number of months and close 

coordination with the Mechanical Engineering department here on campus. Jon Wilson, 

Kelly McGuire, and I all took part in the work.  

 

Figure 2. Diagram and photograph of vacuum chamber design. 
    

Working in acrylic presented a few challenges. For one, it has a tendency to melt 

if heated by friction while being cut to shape. If stressed, it cracks rather than bowing like 

metal or wood. We ran into these problems repeatedly during the building and use of our 
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all-acrylic vacuum chamber. Sean Walker, the ME major we contracted to help us build 

the chamber, nearly ruined it two different ways during its building—as I almost did by 

applying too much pressure in the wrong place during maintenance. Professor David 

Oliphant’s help proved invaluable for fixing both of the serious problems caused by 

fractured acrylic.  

 Rather than making seals 

with gaskets and flat joints as 

did J. Decker, we went with 

cut grooves and rubber o-ring 

seals (Figure 3). This 

combination provided better 

seals and wore out less quickly 

in the course of chamber 

pump-down, disassembly, and 

reassembly. One of the o-rings did begin to crack after the collective strain from a few 

hundred experimental runs, requiring us to buy a bag of replacements for the sum of ten 

dollars. Overall, rubber o-rings proved a low-maintenance, low-cost, and highly effective 

solution for our vacuum chamber’s most frequently exposed seals.  

 In order to force tape to peel from one spool to the other, we installed a motor and a 

mechanical throughput into the bottom of the chamber. The mechanical throughput 

turned a spindle inside the chamber, a toothpick-shaped piece of acrylic kept the spindle 

and its spool rotating as one, and a belt of tape connecting them forced both spools to turn 

Figure 3. The vacuum chamber without its outer walls. Notice 
the o-ring seal set into the acrylic. 
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Figure 4. Completely assembled vacuum chamber. Notice the 
newly installed detector mount. 

together as it peeled. For controlled rotation we used a Vexta stepping motor to provide 

the necessary peeling force.  

Future research will 

benefit particularly from the 

detector mount recently 

installed onto our experimental 

apparatus (Figure 4). With the 

mount in place, the detector can 

remain reliably immobile from 

experiment to experiment, 

eliminating bias in the detected 

intensity or energy due to changes in detector position. Removing detector bias allows the 

capability for more precise and repeatable data collection. Higher precision and 

repeatability will permit comparison of future test runs’ results with higher confidence 

than previously possible.  

 

2.2 Experimental setup  

Our experiments revolved around the idea of peeling tape from its polyethylene 

backing. Rather than gradually unwind an entire roll of tape as in Camara’s experiments, 

however, we followed J. Decker’s example8 in wrapping a single band of tape around two 

spools in such a way that the sticky side of the band continuously peels off a polyethylene 

lining on one of the spools. A motor outside the chamber rotates one spool, making it the 
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drive spool; the band of tape connecting them forces the other spool, or idle spool, to 

rotate. Running experiments this way required a surprising amount of finesse.  

Running any experiment required, first of all, a clean chamber. Not only would 

trying to pump down a dirty vacuum chamber take far too long, but we thought it 

possible that leaving foreign material in the chamber could interfere with the poorly 

understood processes of triboluminescence. Rather than risk that, we wiped every 

reachable surface of the chamber’s interior with “kimwipes” soaked in methanol. The 

spools in particular tended to collect adhesive from the tape and took a minute or two to 

clean all on their own. Anything from the moisture of our breath to the oils on our hands 

would soil the chamber and prolong the time to get down to operational pressures, so we 

wore gloves and kept our distance as much as possible. Keeping the vacuum chamber 

clean took a significant amount of work. 

Even with all this need for cleanliness, however, we had to remain within certain 

boundaries. For one, our methanol and isopropyl cleaning agents had a tendency to 

dissolve the o-rings, requiring us to leave them alone. Further, we left a coating of 

vacuum-safe oil on the idle spool’s spindle in order to keep frictional heating to a 

minimum. A clean chamber accomplishes little if the tape itself starts to melt.  

With the chamber clean, we lined the idle spool and set up the belt of tape. This 

step took special care; any time we made a mistake, the belt rewrapped itself onto one of 

the spools, or the idle spool’s lining rewrapped onto the belt, or the tape itself broke, or a 

combination of the three. Nearly half of all our attempted experiments ended with one of 

these three outcomes. Since McGuire’s thesis contains the gory details of how to set up 

the tape, however, I refer the reader to his work at this point. 
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Finally, with the chamber still 

clean and the tape all set up, the time 

came to replace the chamber walls 

and pump the entire assembly down 

to pressure. The cylindrical chamber 

wall clicked snugly into the grooves 

both on its lid and on the chamber 

bottom. We flicked the switch on the turbomolecular roughing pump to turn it on. At 

about this time we plugged in the thermocouple gauge (Figure 5 above) and turned it to 

the appropriate channel to see that the chamber’s pressure decreased from about 760 torr, 

or atmospheric pressure, to the millitorr range. When the pressure took more than a 

minute or two to reach millitorr levels, it generally meant the o-ring lined joints hadn’t 

completely sealed; to fix this problem, we applied pressure on both sides of the joint 

simultaneously to pinch it closed. The entire pump-down process took around five to 

fifteen minutes, depending on whether the chamber had been pumped down recently and 

cleaned properly. We generally waited to start experiments until pressure fell to 5 

millitorr at the most.  

After setting up the experiment, achieving the necessary chamber pressure, and 

preparing to activate the detection equipment,10 the time came to operate the motor. The 

collection of control files for our motor went under the name “st400nta;” at the time of 

this writing, a copy sits on the desktop of the computer currently plugged into the motor 

control board. An application inside named DEMOST400NT contained the user interface 

for starting and stopping the motor as well as setting variables like angular speed, 

Figure 5. Thermocouple gauge used in experiments. 
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automatic shutoff, and the direction the motor spins. McGuire’s senior thesis contains 

more detailed instructions for operating the motor.10 

 

2.3 Analytical techniques 

In order to detect the x-rays generated in our experiment, we used a beryllium 

window solid state x-ray detector, referred to as XR-100T, in conjunction with ADMCA 

Analog and Digital Acquisition software (version 2,0,0,5). The computer currently 

plugged into the detector upstairs has a copy of the software in a folder on the desktop 

labeled “ADMCA 2.0”; inside the folder, an executable file labeled “ADMCA” contains 

the user interface for connecting to and controlling the detector. The actual detector 

plugged into a pair of cables that connected in turn to the pair of black boxes on the 

shelves above the chamber (Figure 6 below).  

 

Figure 6. XR-100T detector support hardware (MCA at top, power supply and 
amplifier at bottom). Notice the dial for adjusting gain.  
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In order to obtain the best results for our low-energy x-rays we kept the gain dial 

on the XR-100T’s support hardware turned up as high as it could go. This gain setting 

allowed the best resolution of the ~10 keV x-rays generated in our experiments but left 

the device unable to detect 70 keV x-rays and up. In other words, leaving the gain at 

maximum cut off the device’s ability to sense the highest-energy x-rays but maximized 

the detector’s sensitivity to the lower-energy x-rays given off by our tape. Understanding 

why and how signal amplification works this way lies outside the scope of this paper. 

However, given that it worked, I will attempt a brief explanation of ADMCA’s method 

for categorizing incoming photons.  

When collecting data, the XR-100T’s support hardware (Figure 6 above) assigned 

each x-ray to a bin according to its energy, with 256, 512, or 1024 such bins (depending 

on the user’s selection) accounting for the entire spectrum it could sense.  Changing the 

gain changed the range of energies the hardware could detect, so the software never 

assumed anything about which bin corresponds to which energy. Instead, it relied on user 

input to decide which bin number relates to which actual x-ray energy. We simply 

exposed the XR-100T to radiation of a known set of energies and used ADMCA’s 

calibration function to do the rest; after finding the calibration for a known gain setting, 

we interpreted any data taken with that setting using a similarly calibrated file. 

ADMCA’s internal help file on calibration provides a wonderful source of guidance on 

the topic. With that said, even the help file leaves out a few important facts about 

calibration. 

First of all, in our more recent calibrations I used a radioactive source with known 

decay modes at energies like those of the x-rays emitted by our triboluminescent tape, 
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and based the calibration on the associated peaks. In other words, since I knew our x-rays 

came off the adhesive tape at energies close to 5-20 keV, I based the calibration on decay 

modes of Americium-241 of energies near those; doing so made the calibration especially 

accurate for that part of the XR-100T’s detection range. Further, I exposed the detector to 

the known source for a protracted period of time in order to get the best possible certainty 

on the bin number associated with the known peaks. Finally, I compared the bin number 

vs. x-ray energy correlation of the resulting calibration with that of an earlier calibration 

and found them to be reasonably close. I remain highly confident of both the calibration’s 

accuracy and its potential usefulness for future experiments.  

With calibration completed for a given gain, the ADMCA software stands ready 

to find the mean energy of the x-rays detected during experiment. (Even before 

calibration, the software can find a mean bin number, but only calibration gives such a 

number any absolute meaning.) Under the option “Analyze” on the program’s main 

toolbar, the option “Define ROI” allows the user to select a range of x-rays to examine 

(see below). A pane on the right-hand side will automatically calculate values such as the 

selection’s total x-ray count, centroid (mean energy), and the uncertainty in the mean 

energy’s exact value for the region of interest selected. These last two features, 

calculation of mean x-ray energy and its uncertainty, proved highly useful for my 

analyses.  
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Figure 7. Setting regions of spectral data for ADMCA to analyze. 
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The ADMCA detection equipment does not only track x-ray energy, however. 

After some tinkering with the software, my team and I discovered a way to track the 

intensity as a function of time, albeit with less than ideal fidelity. The resulting data files 

showed the time dependence with startling clarity. In order to create a given time-

dependence record (as well as the typical spectral data record) with the ADMCA detector 

software, we clicked “MCA” on the top toolbar and choose the first item on the list, 

“Acquisition Setup.” An interface opened up allowing us to choose the data collection 

mode, among other things; 

under “Acquisition Mode,” 

the option “limited MCS” 

appeare d as the second item 

on the list. Selecting it 

opened up a number of 

other options related to 

running the MCS file. After 

choosing the setting desired, 

we began the experiment, 

saved the resulting spectrum 

file, closed the ADMCA program, and then restarted it as usual. The MCA file for the 

experiment always appeared immediately after ADMCA connected with the XR-100T’s 

support hardware; Figure 8 demonstrates the resulting time dependence data. 

 
Figure 8. A typical result from ADMCA's time dependence 
data collection method, as used in our experiments. Making 
the horizontal axis read in units of seconds requires a few 
seconds of calibration; in contrast, finding a way to make 
ADMCA put units on the axes defies me no matter how 
much time I spend on the problem.  

Time (s) 
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For further information on time dependence data collection, I recommend the 

reader consult the ADMCA software’s help files on MCS data collection mode. I 

certainly advise doing so before attempting collection of serious experimental data; our 

ADMCA refers to MCS mode as “limited MCS” because of flaws inherent to the 

machine and software. The help files contain more information on how to set up MCS 

data collection as well as how to ameliorate the problems associated with using it.  
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3 Results 

3.1 X-ray triboluminescence and alternate surfaces 

In my team’s most recent efforts to understand x-ray triboluminescence, we 

decided to investigate the effect of linings for the idle spool other than scotch tape itself. 

Brother Oliphant started us on this branch of the project by donating a roll of copper-

colored vacuum tape for our use. Later, we tried replacing the belt of adhesive tape with 

different materials as well. While the complete details remain documented only in my lab 

book, the following table provides a quick categorization of the results.  

 

Backing/material 

lining idle spool 

Belt material Results of experimental run 

Coppery vacuum tape  Cat. #810 3M tape Nothing but background radiation 

Cling wrap Cat. #810 3M tape Results varied from a barely noticeable 

bump on the spectrum to nothing but 

background radiation. 

Cat #810 3M tape Coppery vacuum tape A few x-rays formed a barely 

significant bump  

Cling wrap Cling wrap Nothing but background radiation 

Nothing – naked 

acrylic 

Cat. #810 3M tape Results varied from a barely noticeable 

bump on the spectrum to nothing but 

background radiation. 

Table 1. X-ray triboluminescence from varying materials. 
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 For future experiments of this kind I recommend finding materials with greatly 

different electronegativities and testing them together. For instance, a combination of 

glass spools for backing and silicon rubber membrane for the belt could produce 

interesting results, since glass is very positive and silicon rubber very negative. 

Tribogenics hinted at such possibilities in a recent article in Nature2 regarding their 

prototype triboluminescent x-ray generator. 

 

3.2 Time dependence of intensity  

J. Decker reported in his thesis that the intensity of the x-rays varies greatly over 

the course of a single experiment. In the course of our research, my team and I discovered 

that the time dependence varied in shape as a result of an underlying pressure 

dependence. With that entanglement removed, the time dependence of intensity tends to 

follow a shape like  ê(- β t)  as documented in Figure 9 below, where t represents the 

timeline of the run and β is a constant. For months we strove to find an explanation for 

these results, and eventually, I developed what I call the glue flow hypothesis. 
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Figures 9a (top) and 9b (bottom). Analyses of time dependence of x-ray intensity for two separate 
trials. For 9a, a minimized χ2 fit using Bevington’s methods and the function  A e^(- β t) yields  
A = 188 cts/s, β = 2.94·10-3 s-1, with a reduced χ2  of 3.39. The same analysis of 9b yields A = 153 cts/s,  
β = 1.79·10-3 s-1, with a reduced χ2 of 4.65. These large values of χ2 remind us that ADMCA’s MCS 
data collection method introduces unknown amounts of uncertainty into the data, as warned of in 
ADMCA’s help file on the subject.  
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According to the glue flow hypothesis, the mobility of the tape’s adhesive 

accounts entirely for the time dependence of its triboluminescence. As others1,4,7 before 

me have theorized, I posit that the adhesive tribocharges by leaving a fraction of its 

electrons on the polyethylene (PE) backing as they peel, a result of their differing 

electronegativities. At some point during the peeling event, the air between the two 

surfaces ionizes to carry a current which equalizes the charge imbalance; the electrons in 

the current create x-rays by bremstrahhlung on impact with the adhesive surface.  

So long as the adhesive and polyethylene surfaces remain distinct from one 

another they will exchange electrons and create x-rays in this manner. However, the 

adhesive of 3M brand tape begins to dissociate within the first few dozen peelings. 

Microscopy conducted by McGuire and documented in his senior thesis10 confirms that 

glue begins to flow from one surface to the other in the first 60 seconds of peeling, or 

about 80 complete peelings of the 16 cm long belt. Moreover, it flows in a chaotic pattern 

that leaves some areas of the PE backing unchanged and others half-coated.  

Areas of PE coated in adhesive cannot tribocharge effectively. If glue coats both 

peeling surfaces then their electronegativity is the same, and according to the group most 

active in studying this process,1,2 tribocharging by surface separation requires that the 

peeling surfaces have vastly different electronegativity. Over the course of an 

experimental run the adhesive becomes more and more mobile and coats the PE more and 

more completely until none remains able to tribocharge. And wherever tribocharging 

cannot take place, neither can triboluminescence.  

Adhesive flow accounts for the entire time dependence of the intensity of 

adhesive tape’s triboluminescence. As glue flows onto PE, less of the tape’s area can 
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tribocharge and triboluminesce as it peels. The rate of x-ray production falls with a shape 

like ê (-β t)  because the area available for x-ray production decreases at that rate as well. 

As adhesive covers more and more of the PE surface, it becomes statistically less and less 

likely for random redistribution to coat the remaining uncoated surface; still, after around 

a thousand complete peelings, almost no bare PE remains. A decaying exponential 

models this behavior very well, with β reflecting the ease with which adhesive moves 

from one surface to another.  

Given that the glue flow model explains the time dependence of intensity 

observed in ordinary experiments, however, that success did not leave it the only possible 

candidate for time dependence. In an effort to test whether the time dependence arose 

from glue flow or some other process like chemical degradation of the adhesive, I set up 

a triboluminescent run as normal except for a few odd conditions. The results left little 

room for doubt.  

In the critical experiment, I ran a belt of tape for ten minutes between 10-100 

millitorr, far too high for x-ray triboluminescence to occur. After this period of time I 

anticipated the adhesive to have largely coated the PE backing wherever the two 

consistently contacted; on the other hand, no significant amounts of high-energy electrons 

had bombarded the adhesive surface, leaving no possibility of radiation damage 

inhibiting the x-ray producing capabilities of the glue. If we were wrong and ion 

bombardment damage to the adhesive caused the time dependence ordinarily, then the 

tape would still have the capability to produce x-rays. Under the glue flow model, 

however, we anticipated a very low x-ray rate upon bringing the chamber pressure past 
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10 millitorr. Of course, tribologically induced chemical interactions within the adhesive 

itself could account for a tiny x-ray rate as well.   

At this point I let the chamber pump down past 3 millitorr, kept the motor 

running, and began an MCS data collection file to see how the x-ray intensity behaved 

over time. As expected, the x-ray detection rate remained close to background. This ruled 

out radiation damage as the primary mechanism of time dependence. After a few 

minutes, however, the belt of tape slipped about half its width down on the idle spool, 

and the x-ray rate jumped up as shown in Figure 10 below. 

 

This turn of events eliminated chemical degradation of adhesive as an explanation 

for the time dependence of x-ray intensity. The same adhesive that failed to produce x-

rays on one patch of PE backing had moved down to interact with a fresh patch and 

immediately begun triboluminescing. Changing the backing alone completely renewed 

 
Figure 10. Time dependence of intensity for a critical experiment. The sudden increase in intensity 
around t = 70 indicates the time at which the belt of tape shifted downwards onto an untouched part 
of the lining of the idle spool. 

Time (s) 
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the system’s ability to produce x-rays. Of the hypotheses we developed to explain time 

dependence, only adhesive flow predicted x-ray production to depend on the condition of 

the PE surface involved. Glue flow theory explained the observations where others failed.  

 

3.3 Time dependence of energy  

Eventually we came to see a second time dependence coincident with that of the 

x-ray intensity: namely, a gradual decrease in the mean x-ray energy. Close observation 

and careful experimentation revealed that the tribogenerated x-rays grew less and less 

energetic over a single experimental run. As the Figure 11 below shows, the mean energy 

can decrease as much as 15% or 2.4 keV between the first three thousand and the third 

three thousand x-rays detected. 
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Figure 11. Time dependence of mean energy of x-rays from tape. The vertical heights of the marks 
indicate the uncertainty of each measurement. 
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Glue flow mechanics explains this problem as well. As mentioned before, 

McGuire’s microscopy reveals that not only does glue deposit on the polyethylene 

backing, but does so in patches and clumps rather than laying down an unbroken coating. 

At this point I remind the reader of the work of Drs. Lazic and Persson of MIT: they 

showed4,6 that charges on the rough tape surface could concentrate sufficiently to create 

kV electric potentials. Even with only patches of PE available for tribocharging, charges 

could still bunch together in this way sufficient to reach kV levels. The tape as a whole 

need not be charged in order to produce strong electric fields between the peeling 

surfaces.  

For this reason, x-ray production does not cut off as soon as parts of the PE 

receive a coating of adhesive. However, as the mean field between the peeling surfaces 

decreases due to decreased tribocharging, we can expect the mean energy of electrons 

crossing the gap to decrease. In other words, glue flow theory predicts that mean x-ray 

energy should decrease as an experiment runs on. This is exactly what we observe.  

 

3.4 Dusting and electron penetration depth 

While running adhesive tape alone helped us address a number of interesting 

questions, ultimately our group turned to more creative methods for uncovering the 

mechanics of x-ray triboluminescence. One such method involved a process called 

“dusting,” or adding powdered zinc oxide to the surface of a belt of tape before putting it 

in an experimental run. The spectral results (Figure 12) of a number of such experiments 

verified our expectation that electron bombardment of the adhesive accounts for a 

significant percentage of x-ray production.  
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X-ray energy (keV) 

X-ray energy (keV) 

X-ray energy (keV) 

Figures 12a (top), 12b (middle), &12c (bottom). Appearance of zinc characteristic peaks as a result 
of zinc oxide dusting. Fig. 12a represents the spectrum produced by unmodified 3M scotch tape in 
vacuum.  
Fig. 12b represents the spectrum produced by first dusting the belt’s inner layer with powdered 
zinc oxide; notice that zinc’s (highlighted) κα and κβ peaks dominate the spectrum, similar to the 
pattern depicted in Fig. 1 at the beginning of this document.  
Fig. 12c represents the spectrum produced by dusting the belt’s outer layer with powdered zinc 
oxide before running the experiment. The highlighted areas indicate where zinc’s κα and κβ lines 
would have appeared on the spectrum. The lines barely appear here, if at all.   
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 Multiple experiments and extensive analysis revealed that the spikes’ mean energy 

match the distinctive κα and κβ lines of zinc to within calibration accuracy. Spikes like 

these appear whenever either electrons or photons of the appropriate energy bombard 

zinc; in the case of photon bombardment, the appearance of the spikes is called 

flourescence. In order to establish that the spikes we observed came from electron 

bombardment and not x-ray bombardment, we ran some experiments with zinc oxide 

lining the inner surface of the belt, and other experiments with zinc oxide lining only the 

outside of belt. A glance at Figures 12b and 12c above demonstrates the difference in the 

x-ray spectra produced.  

X-ray fluorescence alone cannot account for the spectra produced. As the figures 

show, the κα and κβ spikes scarcely appear when zinc oxide only covers the outer layer of 

tape. Somehow, the interposition of a single layer of tape prevents almost any of the 

bombarding particles from interacting with the powdered metal. X-rays pass straight 

through scotch tape, and more massive particles don’t produce the observed spikes; 

observing the spikes and the shielding effect forces us to rule out large-ion bombardment 

and fluorescence as the mechanisms generating the spectra above. 

Speeding electrons, on the other hand, fit the bill precisely. Electrons of ~10 keV 

energy can produce zinc’s characteristic x-ray lines and reach only a matter of 

micrometers into polymers like polyethylene.11 We can certainly expect a layer of 

adhesive tape to stop the majority of such electrons. In the absence of a better 

explanation, we must conclude that the x-rays observed from peeling tape must come 

from electrons bombarding the adhesive surface. Certainly no other ordinary bombarding 

particle can fit the set of phenomena observed. 
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Electron penetration depth aside, dusting the inner layer of the adhesive tape belt 

changes not only the resulting x-ray spectrum but the time dependence as well. Results 

such as Figure 13 below characterize the irregular new time dependence. 

 

Time (s) 

Time (s) 

Figure 13. Time dependence of x-ray intensity for zinc dusted tape. The observed time 
dependence varied drastically between experiments due to differences in the individual 
applications of powdered zinc oxide.  
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 The idea of glue flow remains our best model for explaining these varied and 

gradual peakings of x-ray intensity. Wherever zinc oxide covers the adhesive, the 

adhesive and polyethylene cannot come into contact and tribocharge effectively. 

However, as the belt peels from spool to spool, the zinc oxide gradually mixes with the 

adhesive and leaves more and more of the surface open for tribocharging. This increase 

in tribocharging area causes a corresponding increase in x-ray intensity. In the end, 

however, the glue flows from one surface to the other as usual and intensity drops off 

once more. The specific time dependence results vary with different applications of zinc 

oxide.  

 

3.5 Pressure dependence 

We and others1,5,8 have observed that x-ray triboluminescence does not occur for 

adhesive tape at STP. Our experiments place the upper pressure limit for the 

triboluminescence at about 10 millitorr. Based on J. Decker’s time dependence results 

and results like Figure 14 below, the cutoff is not sharp; while triboluminescence can 

occur at pressures around 10 millitorr, a decrease in pressure yields far higher x-ray 

intensity. Triboluminescence operates much better at pressures like 1-4 millitorr.  
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Some groups have reported or theorized on a minimum pressure necessary for 

adhesive tape’s x-ray triboluminescence. We cannot verify that such a limit exists; if it 

does, then our observations rules out a limit larger than 1 millitorr, the minimum pressure 

our gauge can detect. We have detected x-ray triboluminescence at such pressures many 

times.  

Adhesive tape, when run under vacuum, exhibits one other important property: 

sensitivity to repressurization. A belt of tape once run for as little as 60 seconds under 3 

millitorr  vacuum, then allowed to return to atmospheric pressure, then returned to 

vacuum, will not emit x-rays when run for a second time. Our present understanding of 

triboluminescence offers no concrete explanation for this observation. We can only 

suppose that one surface or the other of the tape changes chemically during the process of 

Time (s) 

Figure 14. Time dependence due to the combined effects of glue flow and pressure 
dependence. As pressure drops from 10 millitorr towards 1 millitorr at ~1 millitor/minute, x-
ray intensity tends to increase. As time goes on and the adhesive moves from one surface to 
another, x-ray intensity tends to decrease. The combination of the two effects produces the 
observed peak.  
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triboluminescence, and that the resulting chemical species reacts irreversibly with 

atmospheric gasses at STP. Unfortunately, we lack the data for a definitive theory.  
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4 Conclusions/Further research 

Triboluminescence remains a relatively poorly understood phenomenon in 

physics today. While the company Tribogenics has already developed one prototype 

model for pocket-sized x-ray generation,2 the field remains largely open for further 

research, and our equipment provides research opportunities that no one else’s does. 

Physics students at BYU-Idaho benefit from an exclusive advantage in this regard.  

Future BYU-Idaho researchers stand to benefit not only from this research 

project’s equipment, but the conclusions drawn therein. Our body of knowledge on the 

time dependence of adhesive tape’s x-ray production stands as a singular entity in the 

tribological community. We have strong evidence that glue flow causes that time 

dependence. Combined with past efforts, future research could verify these conclusions 

and create knowledge worthy of publication in the professional journals.  

The tribological community has seen particularly little published work in the way 

of differing gas and pressure dependence. With equipment soon to be available to the x-

ray tape project, we can backfill the vacuum chamber with any of a number of gasses at 

pressures low enough to reasonably permit triboluminescence. Could we find gasses 

which allow triboluminescence to occur at much higher pressures than 10 millitorr? I 

consider the question worth exploring.  

The velocity dependence of adhesive tape’s triboluminescence also remains 

mostly unexplored. Efforts in the Winter 2010 semester to find an optimal peeling 

velocity (for maximum x-ray production) never bore fruit as a result of insufficiently 

precise methods and equipment. With a chamber that reliably reaches 3 millitorr and the 
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ADMCA detector on a stationary mount, anyone who desired it could repeat our 

experiments with far greater precision.  

The time dependence of mean x-ray energy would also bear further investigation. 

A large number of experiments like those described in section 3.3 could feasibly produce 

enough data for a meaningful curve fit of mean energy vs. time for x-ray 

triboluminescence. Coupled with a computational simulation of the electrodynamics 

involved, such a curve fit could further prove or disprove the ideas presented in this 

paper, or otherwise deepen our understanding of the physics involved. For now, however, 

the data points on the graph above remain too highly spread and too incomplete to reveal 

a significant mathematical relationship.  

Future experiments using different materials to produce x-ray triboluminescence 

could allow greater consistency still. Rather than using adhesive tape with its flowing 

adhesive and tendency to break or fracture, why not experiment using the materials 

Tribogenics uses in its most recent prototype? Their recent prototype generator2 

reportedly peels an electronegative silicone from a resin-covered surface to produce x-

rays; we could accomplish a similar feat with the right materials. Reducing our reliance 

on fickle adhesive tape could only improve the precision of future triboluminescence 

experiments.  

Another, more technological challenge remains for future research as well. Our 

results have led my team and I to believe that electron bombardment of the adhesive 

produces x-rays by bremstrahhlung; a researcher with an electron gun could easily 

simulate this process and compare his results to our existing data. Although BYU-Idaho 

lacks such a piece of equipment, Brother Oliphant has often expressed his willingness to 
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help design one. And the uses of an electron gun need not stop at simulating 

triboluminescence.  

In summary, I look forward to leaving this equipment in the hands of the rising 

BYU-Idaho physics generation. I feel that the equipment and the information we leave 

behind can lead to more award-winning, intrinsically valuable research. The physics 

department will retain a compact disc of my data and analyses to file with this document; 

for my part, I will personally remain available for questioning by future students for as 

long as necessary to ensure this project remains viable.  
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