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Abstract: In some laser assemblies, optical components are glued on their metal mount using a   
photocrosslinkable adhesive. All these components are submitted to medium to high temperatures for 
several hours upon laser’s operation time. The subsequent thermal stresses endured by the adhesive 
could lead to its degradation, alter thus the functioning of the assembly and impact the alignment of the 
laser, key issues in laser applications. This work focuses on the investigation and the modeling of the 
lifespan, the degradation in the face of thermal stresses, particularly those generated by a laser, and of 
the ageing of a photocrosslinkable adhesive, PC373HA. The thermal characterization is performed using 
ThermoGravimetric Analysis and allows for the development, the validation and the comparison of three 
models based on Arrhenius' law to estimate the lifetime of adhesives as a function of temperature. A 
temperature of 150°C is identified as a threshold to ensure limited degradation over the 15 hours 
requested for laser operation endurances. The Ozawa-Flynn-Wall model and the Kissinger-Akahira-
Sunose model correctly reproduce PC373HA’s thermal behavior submitted to different thermal scenarii 
(temperatures, heating rates…). Both show that the higher the temperature, the faster the degradation 
process, approximately 10 minutes at 220°C and 100 minutes at 180°C, much less than the required 15 
hours. Besides, in the event of an incident with the laser, if the temperature exceeds 200°C for more than 
10 minutes or 180°C for more than 100 minutes, corrective action should be taken, and the adhesive 
should be replaced. These models therefore provide fundamental information for laser applications and 
will allow the implementation of preventive solutions during use but also in case of incident.  
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1. Introduction 
 

     Adhesives are polymers used to bind surfaces of identical or different natures. Practical 
applications of these materials can be found in a vast number of industries which explains their appeal 
in research. Their interest originates from the range of their properties which make their use tailorable 
to a number of contexts based on mechanical considerations [1-5], thermal considerations [6], practical 
considerations [7] or a combination of them.  

During service, polymers are aged by environmental factors (UV, temperature, oxygen, water…) which 
implies a change in their properties. Physical ageing, as defined by Struik [8-10], is a natural evolution 
of the polymer network below the glass transition temperature to recover an equilibrium state and is a 
reversible phenomenon. Chemical ageing is due to a chemical change of the polymer structure (reaction 
with oxygen and/or water, covalent bond breaking, …) and is an irreversible process leading to the 
polymer degradation. Specifically, thermal degradation occurs when temperature is high enough so 
primary chemical bonds are dissociated. This process typically arises at temperatures around 150-200°C 
and the degradation rate increases as the temperature increases [11]. 

In some laser assemblies, optical components (glass or crystal) are glued on their metal mount with 
photocrosslinkable adhesives. The laser assembly (metal, crystal and adhesives) can endure 
temperatures up to 220°C during its use which can lead to the thermal degradation of the adhesive. 
Therefore, the component degradation (partial or total) would alter the functioning of the assembly, key 
issues in laser applications. Indeed, this could misalign the laser and have serious consequences (for 
instance in laser applications such as ophthalmology, brazing etc.). Several works have been carried out 
on the characterization of adhesives used in laser applications [12-19] but none on the lifespan of these 
adhesives, their degradation under thermal stresses, particularly those generated by a laser, and on the 
ageing of these adhesives.  
 
This work focuses on the study of these latter issues, crucial to ensure the proper functioning of the laser 
and the associated assembly investigating the thermal behavior of a currently used commercially 
available adhesive, the PC373HA from Luvantix ADM. Very limited data is available from the supplier 
in order to estimate the lifespan of the adhesive under specific conditions, despite its widespread use in 
optical applications. Herein, the thermo-oxidative degradation of this adhesive is studied through 
accelerated ageing using thermogravimetric analysis in static isothermal experiments at different 
temperatures and in dynamic experiments at different heating rates for the duration of the requested laser 
operation endurances including stabilization time (approximately 15 hours in total). Experimental 
results are used to build three models, to validate and to compare them as well as extrapolate the life 
expectancy of the adhesives based on a mass loss criterion of degradation through different scenarii (i.e 
operating conditions: temperatures, heating rates…). This study is the first to demonstrate that 
conventional low-refractive index acrylic adhesives have limited thermal stability at temperatures above 
150 °C. Given that these temperatures can be reached, particularly in situations involving incidental 
laser beam exposure, this finding is critical for the safe and effective use of these adhesives. The practical 
implications of these results are twofold: (i) to prevent the use of these adhesives in applications where 
repeated high-temperature exposure occurs, and (ii) to implement preventive measures, such as adhesive 
replacement, in cases of unexpected overheating. 

2. Materials  
 
The PC373HA is a radiation-curable acrylate adhesive, commonly employed in fiber optics 

applications (Figure 1) due to its “cladding” optical properties that plays an active role in guiding the 
wave [20]. The adhesive hence needs a lower refractive index in comparison with the fiber one. Due to 
the increasing power of lasers, satisfying performances of the adhesives must be ensured in a wide range 
of temperatures usually ranging from 0°C to 220°C encompassing temperatures that can be met by the 



  
3 

 

laser apparatus during its use. Although commercially available, the PC373HA degradation, lifespan 
and ageing do not appear to have ever been characterized in the literature. Figure 8 in Annex shows the 
dynamic mechanical analysis (DMA) for a rectangular specimen of photo-crosslinked PC373HA (3-
point bending, deformation 𝜀 = 5 𝜇m, frequency f = 1 Hz). The peak maximum of the tan(δ) curve was 
used as the determination criterion for the glass transition temperature for the PC373HA adhesive and 
the value Tg = 52 °C was obtained. Comparing with data given by the manufacturer Tg = 73 °C, the 
difference is 20 °C. In view of these first results, it is important to know how long this adhesive will last 
under operating conditions. 

 
a) 

 
b) 

Figure 1. a) Sketch of the application for the adhesive; b) Assembly where the PC373HA is use. 

The conservation period of photo-crosslinkable adhesives is relatively short with on average six 
months at ambient temperature (between 15 and 25 °C) and sheltered from light exposure due to its high 
reactivity [21]. The crosslinked adhesive samples used for the thermal characterization have been 
obtained by photo-polymerization in a AUV Cure oven equipped with a lamp consisting of an array of 
365 nm UV LEDs with a total power of 200W. An average exposure of 1 min at 100% power has been 
applied for the photo-crosslinking process. Figure 9 in Annex represents the Infrared spectra of the resin 
before and after exposure to UV. The adsorption band at 1640 cm-1 and 1730 cm-1 are consistent with 
the vibrations of the C=O and the C=C double bonds of the acrylate functions respectively. They confirm 
that PC373HA is an acrylate adhesive. The total disappearance of the band corresponding to the C=C 
double bonds after UV exposure is consistent with the efficient photo-crosslinking of the adhesive. 

 

3. Degradation modeling and thermal characterization  
      

3.1 Degradation modeling 

The assessment of the lifespan of adhesives at medium to high temperatures is essential. It consists in 
evaluating the period during which the material properties remain within acceptable limits. The 
properties of the materials are continuously altered throughout their use and it is assumed that a it is no 
longer viable after a 5% mass loss threshold [22-23]. The estimation of the lifespan of polymeric 
adhesives by accelerated ageing is an essential tool for both qualitative and quantitative comparisons. 
This is achieved by modeling the degradation process and validating it against experimental data 
collected during accelerated degradation experiments. 

An important aspect of the modeling of the degradation process is the kinetic description that consists 
in estimating the activation energy (𝐸!	(𝐽.𝑚𝑜𝑙"#)), the Arrhenius pre-exponential factor (𝐴	(𝑚𝑖𝑛"#)) 
and the order of the reaction (𝑛). These parameters are of theoretical and practical significance, but 
require a solid understanding of the chemical reaction mechanisms that occur during thermal 
degradation. For non-isothermal experiments, the extent of the polymer degradation is assessed through 
mass loss monitoring. The mass loss rate increases with temperature reflecting the progress of the 
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degradation extent. An increase in the temperature usually leads to an increase in the degradation 
kinetics associated with an increase of the kinetic rate constant /𝑘(𝑇)		(𝑚𝑖𝑛"#)2. The relation between 
the kinetic rate constant and the temperature is described by the Arrhenius equation (Equation 1). 

𝑘(𝑇) = 𝐴𝑒
$!
%& 

 

(1) 

with 𝑅 the gas constant (8.314 J mol-1 K-1) and 𝑇 the absolute temperature (𝐾) of the adhesive. 

A derived form of the Arrhenius law linking the degradation time 𝑡' to the activation energy, the absolute 
temperature, 𝑇, and a dimensionless parameter 𝐵 can be expressed as in Equation 2. 

𝑙𝑛	(𝑡') 	= 	
𝐸!
𝑅𝑇

+ 𝐵 (2) 

The experimental results of the thermogravimetric analysis (described in the following subsection) allow 
modeling the lifespan of the adhesive using the Arrhenius law. For that, one first needs to verify that the 
𝑙𝑛	(𝑡') 	= 	𝑓(#

&
) curves are linear for a given degradation extent, 𝛼, considered as the mass loss criterion 

(i.e. the mass loss percentage considered as the threshold level of the degradation progress). 𝛼 is defined 
as (𝑚'('). −𝑚)") 𝑚'(').⁄  where 𝑚'('). is the initial mass of the sample and 𝑚)" is the mass of samples at 
time 𝑡' during thermal degradation at the temperature 𝑇.  

Equation 2 enables the estimation of a polymer’s lifespan at a specific temperature based on accelerated 
aging experiments conducted at elevated temperatures. However, this approach relies on several key 
assumptions. The Arrhenius law, while widely applied, does not account for potential variations in 
activation energy throughout the degradation process. Specifically, the Arrhenius model presumes that 
the degradation mechanisms remain consistent across all temperatures, including both high testing 
temperatures and actual use temperatures – a condition that is often unrealistic. In reality, degradation 
mechanisms can differ significantly at lower temperatures. Furthermore, even at a constant temperature, 
the degradation mechanism may evolve as degradation progresses (i.e., as a function of the degradation 
extent, α). The Arrhenius model does not incorporate these possible variations, which limits its reliability 
for extrapolating polymer lifespan solely based on a linear relationship between time and temperature 
as in Equation 2. To address these limitations, it is essential to apply one of the activation energy 
estimation models introduced below, which allow for the evaluation of the activation energy, 𝐸!, as a 
function of degradation extent α, during accelerated aging experiments performed at different heating 
rates. 

Three model are tested in this work, including two integration models that do not require any additional 
assumptions: the Ozawa-Flynn-Wall model (OFW, Equation 3, [24]) and the Kissinger-Akahira-Sunose 
model (KAS, Equation 4, [24]).  

𝑙𝑛	(𝛽') 	≈ 𝑙𝑛	 @
𝐴+𝐸+
𝑅 A	− 𝑙𝑛	/𝑔(𝛼)2 	− 5.3305 − 1.052 H

𝐸+
𝑅𝑇+,'

I 
(3) 

 

𝑙𝑛	 H
𝛽'
𝑇+,'-

I 	≈ 𝑙𝑛	 @
𝐴+𝑅
𝐸+

A 	− 𝑙𝑛	/𝑔(𝛼)2 	−	
𝐸+
𝑅𝑇+,'

 
(4) 

with 𝛽' (°C.min-1) the heating rate, 𝛼 (%) the extent of the degradation process, 𝑅 (J.K-1.mol-1) the 
universal gas constant, 𝑇+,' (°C) the temperature for a given degradation extent, 𝛼, 𝐴+ (min-1) the pre-
exponential factor of the Arrhenius law and 𝑔(𝛼) (%.min-1) an integration term for .+

.)
. 
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These models are based on the isoconversion principle, a robust kinetics method for processing 
thermoanalytic data. They assume that the pre-exponential factor and activation energy do not depend 
on temperature, though they remain interdependent.  

The models are used in experiments where the sample undergoes degradation during a temperature ramp 
at a specific heating rate, 𝛽'. They relate the degradation extent 𝛼 to the temperature 𝑇+,'. It is particularly 
adapted for systems with multiple reactions, accommodating variations in activation energy as 
degradation progresses with 𝛼. However, for simultaneous reactions of very different nature the OFW 
model is less applicable. The KAS model has been developed to overcome this limitation. This model, 
leveraging the Coats-Redfern approximation, is one of the most reliable isoconversional methods and 
does not require prior knowledge of the specific thermal degradation mechanism [25]. 

Both model enable the estimation of the activation energy, 𝐸+, for the degradation reaction. This is 

achieved by respectively plotting 𝑙𝑛	(𝛽') 	= 𝑓 @ #
&#,"
A and 𝑙𝑛	 @ /"

&#,"%
A 	= 𝑓 @ #

&#,"
A, for a given value of 𝛼. 

The plots should yield linear curves with slopes proportional to $#
%

. 

Those two similar models are also compared to a third isoconversional differential one called Friedman 
model (FR, Equation 5, [26]). 

𝑑𝛼
𝑑𝑡

= 𝐴.𝑒𝑥𝑝 @−
𝐸+
𝑅. 𝑇A

	. 𝑓(𝛼) 
(5) 
 
 

where 𝑓(𝛼) (%.min-1) is an integration term for .+
.)

. 

In this case, it is possible to estimate the effective activation energy, 𝐸+, by plotting 𝑙𝑛	 M.+
.)
N 	= 𝑓(#

&
) 

for several heating rates,	𝛽', according to the same principle than for the previous models. 

The main advantages of the isoconversional methods are their ability to determine the effective 
activation energy 𝐸+ with no assumptions regarding the mechanism of degradation. A change in 𝐸+ can 
usually be explained by modification of the degradation mechanism or in the extent to which reaction 
rate limitations affect the process, as measured by thermoanalytic techniques. The isoconversional 
methods require a series of experiments at different heating ramps, 𝛽', and the estimation of the effective 
activation energy at different degradation extent, 𝛼. A significant variation of the activation energy 
according to 𝛼 implies a kinetically complex process. In such cases, understanding how activation 
energy depends on 𝛼 provides valuable mechanistic and kinetic insights, offering a clearer view of the 
multi-step degradation process and enabling more reliable predictions of its kinetics. A series of 
thermogravimetric analyses has therefore been performed to build and validate the latter models in the 
case of the low refractive index photo-crosslinkable adhesive PC373HA. 

 

3.2 Thermogravimetric analysis 

The ageing of material in typical operational conditions can be time consuming if noticeable changes 
are to be witnessed. A characterization is therefore required to study the degradation process and assess 
the lifespan of crosslinked adhesives. On the basis of accelerated ageing experiments, an estimation of 
the resistance to ageing of the studied adhesive is obtained. The rate of chemical reaction usually 
increases with temperature. This phenomenon is exploited for the study of accelerated ageing.  

Amongst thermal analysis methods, the thermogravimetric analysis (TGA) is the most commonly 
employed for the study of materials degradation in terms of mass loss [27-32]. This method enable the 
precise monitoring of the sample mass according to temperature and time, and thus the assessment of 
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thermodynamic and kinetic parameters related to the degradation reaction responsible for the mass loss. 
By submitting the samples to high temperatures, it is possible to monitor the evolution of the degradation 
extent, 𝛼, as a function of temperature. It is then possible, through extrapolation, to predict the time 
dependence of 𝛼 for any degradation temperature.  

The thermal degradation experiments have been performed with a TA Q500 TGA apparatus with an 
airflow rate of 60 mL/min [33]. The adhesive sample is polymerized in a 400 μL aluminum crucible 
placed on a platinum platform of the TGA apparatus. The target mass is around 10 mg. The preparation 
of each sample is made using a METTLER TOLEDO weighing scale with a 0.03 mg uncertainty. The 
duration of the laser operation including the required stabilization time is about 15 hours (or 900 
minutes). In order to allow for a margin, we carry out all our experiments over a period of 1000 min. 

First, isothermal experiments are performed at temperature ranging from 50 °C to 220 °C to simulate 
the operating conditions of the laser but also to assess the operational limits of the adhesives assuming 
a 5% mass loss degradation criterion (𝛼 = 5%). The results are presented in Figure 2.  

Besides, it is crucial to estimate the temperature limit for long term use according to different thermal 
scenarii that the adhesive may undergo. The Arrhenius law (Equation 2) must then be used to extrapolate 
the isothermal curves from Figure 2. However, it must first be verified that the activation energy remains 
constant throughout the degradation process. In order to verify this aspect, TGA experiments at different 
heating rates (2, 4, 6, 8 and 10 °C min-1) are performed [34]. As 600 °C is the maximum recommended 
temperature for the used aluminum crucibles, samples are submitted to temperature raises from ambient 
temperatures to 600°C. 

A summary of the tests carried out is available in Table 1. 

Table 1. Summary of the thermal degradation experiments for 10 mg-samples of PC373HA over 1000 
minutes. 

Isothermal 
experiments 

Temperatures 
 

T (°C) 

50 

70 

120 

150 

180 

200 

220 

Heating ramps,  
20 °C to 600 °C 

Heating rates 
 

𝛽 (°C.min-1) 

2 

4 

6 

8 

10 

 

4 Results & Discussion 

All measured temperatures are expressed in degrees Celsius (°C) whereas all modeled temperatures are 
expressed in degrees Kelvin (K). 

4.1 Experimental study of the thermal degradation 
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Isothermal TGA experiments at different temperatures allow for the observation of the behavior of the 
adhesives while the laser is operational. Figure 1 shows the isothermal curves at 70, 120, 150, 180, 200 
and 220°C for the PC373HA. For T = 150 °C, the experiment was repeated twice (Annex, Figure 9). 
The replicates suggest that the temperature corresponding to a 5% mass loss can be determined with a 
precision of approximately ± 15 min. 

 

Figure 2. PC373HA isothermal TGA curves for a duration of 1000 minutes with an airflow rate of 
60mL/min. 

It can be noticed that the degradation rate increases significantly when the temperature of the isotherm 
is increased from 150 °C and 180 °C. Indeed, for isothermals below 150 °C, the mass loss barely reaches 
3% while the 5% mass loss degradation threshold appears to be met at higher temperatures. This 
observation shows that 150 °C should be considered as a limit temperature for the operating conditions 
of the PC373HA from a purely thermal aspect.  

The results of the dynamic experiments with heating rates 𝛽' ranging from 2 and 10 °C.min-1 are 
presented in Figure 3 to assess the lifespan of the adhesive according to temperature for a mass loss 
criterion of 5%. For all heating rates (except 4 °C.min-1), the experiments were repeated twice. The two 
curves recorded for 𝛽' = 2 °C.min-1 are represented in the Annex (Figure 10). The replicates indicate a 
very good consistency of the data. 

 

Figure 3. PC373HA TGA curves at different heating rates with a 60mL/min airflow rate. 

     These experiments show that the degradation process is shifted towards lower temperatures as the 
heating rate decreases. It can also be noticed that for all heating rates, the kinetics of degradation changes 
abruptly around 80% of mass loss (indicated by an arrow on Figure 3). Since this phenomenon appears 
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to be relatively independent of temperature (between 350°C and 400°C) or heating rate (between 2 and 
10°C min-1), it is likely that a significant change in structure or chemical composition is occurring at this 
time.  
 
To observe this phenomenon more closely, Figure 4 represents the evolution of the mass fraction as a 
function of time (blue curve) for a PC373HA sample submitted to a 2 °C.min-1 heating rate, as well as 
the first derivative of the mass fraction with respect to time (red curve). This figure clearly shows two 
distinct steps of degradation. A first one, very broad, occurring between 260°C and 360°C and a second 
one marked by an abrupt mass loss at ~ 370 °C (clearly indicated by a sharp peak on the red curve). This 
second degradation stage might be related to the formation of oxidized products, which are entirely 
different from the product of the main degradation stage [35]. Unfortunately, it was not possible to 
analyze these residues by spectrometric analyses, due to the very low amount of material that is available 
at this stage of the experiment.  

 

 

Figure 4. TGA curves for the PC373HA representing the evolution of the mass loss (blue) and the rate 
of mass loss (red) for a heating rate of 2°C/min and with airflow rate of 60mL/min. 

 

4.2 Degradation modeling 

The evolution of the activation energy, 𝐸+, as a function of the degradation extent, 𝛼,  can now be 
assessed for the three isoconversional methods KAS, OFW and FR [36]. We can plot 𝑙𝑛	(𝛽') 	= 𝑓 M#

&
N, 

𝑙𝑛	 M/"
&%
N 	= 𝑓 M#

&
N and 𝑙𝑛	 M.+

.)
N 	= 𝑓(#

&
) for the OFW, KAS and FR models respectively using Equations 

3, 4 and 5. The associated activation energies can then be estimated for different values of 𝛼. 

Figure 5 shows the plots for 𝛼 values ranging from 5% to 65% using KAS model. One can notice that 
the slope of the linear plots, i.e. 𝐸+, varies with 𝛼 thus suggesting that the degradation mechanism 
evolves during the process. It is also noticeable that the consistency between the linear regression and 
the experimental datapoints decreases for the highest values of 𝛼 (> 25%).  Figure 6 presents the 
evolution of the activation energy extracted from the slope of the plots of Figure 5, 𝐸+, as a function of 
the mass loss, 𝛼. It is compared to the results obtained with the two other models, the OFW and the FR 
models, as well as with the Arrhenius law. 
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Figure 5. Arrhenius plots using KAS model for the PC373HA. 

 

 

Figure 6. Activation energy as a function of PC373HA’s degradation in terms of mass loss for the three 
isoconversional models and the Arrhenius law. 
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Table 2: Values of the Activation energy, Ea, as a function of the mass loss for the three isoconversional 
models and the Arrhenius law. 

Mass loss (%) 
Activation Energy, Ea (KJ.mol-1) 

Arrhenius FR model OFW model KAS model 
5 93.30 122.34 104.16 95.55 

10  132.64  166.50  143.28  134.60 

15  143.55  164.60  154.37  145.57 

20  147.52  143.77  158.61  149.67 

25  145.53  137.65  156.71  147.62 

30  139.58  122.64  150.87  141.62 

35  136.94  126.28  147.66  138.55 

40  134.62  126.42  145.62  136.36 

45  132.97  125.99  143.43  134.02 

50  130.66  121.76  141.09  131.68 

55  127.02  111.12  137.44  127.73 

60  121.23  100.05  131.89  121.88 

65  115.38  100.49  125.76  115.88 
 

Figure 6 shows that the activation energy varies with the mass loss. It indicates that the degradation 
process follows a complex mechanism, most certainly with several simultaneous reactions. For all 
models, a first step marked by a sharp increase in the activation energy is observed, likely due to the 
loss of the volatile compounds that are not covalently bonded to the crosslinked network of the adhesive. 
At later degradation stages, when only the crosslinked adhesive remains, the activation energy initially 
reaches a steady maximum, probably corresponding to the main degradation process. This is followed 
by a gradual decrease in activation energy, likely due to the combined effects of multiple phenomena: 
the primary degradation process, the progressive elimination of volatile compounds produced by this 
degradation, and the initiation of further secondary degradative reactions. It is noteworthy that the FR 
model yields slightly different results compared to the OFW and KAS models. All models, however, 
yield very similar trends, thus supporting the validity of the experimental approaches. 

With these activation energies and the experimental isothermal curves shown in Figure 2, it is possible 
using Equation 2 to extrapolate PC373HA’s lifespan. First the B parameter must be computed for the 
given degradation criterion, 𝛼 = 5%, for all isothermals for which this criterion has been met (180, 200 
and 220°C) and for each model. The parameter B is then chosen as the average value between the three 
temperatures (Bavg). The data regarding the calculation of this parameter and the corresponding standard 
deviations (σ) is given in Table 3. 

 

Table 3. Determination of the B parameter of the Arrhenius equation for TGA isothermal experiments 
at 180, 200 and 220°C for the PC373HA. 

 
Model 

 
𝑬𝒂 (kJ/mol) 

B  
Bavg (σ) 

180°C 200°C 220°C 
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KAS 95.62 -20.58 -20.56 -20.46 -20.54 (0.05) 

OFW 104.20 -22.86 -22.74 -22.55 -22.72 (0.13) 

FR 122.66 -27.76 -27.44 -27.06 -27.42 (0.29) 

Arrhenius’ 
law 93.57 -20.04 -20.05 -19.96 -20.01 (0.04) 

 

Once the parameter B has been estimated, it is possible to plot the PC373HA’s extrapolated lifespan for 
a mass loss criterion of 5% for each model. The curves are given in Figure 7. 

 

Figure 7. Extrapolated lifespan curves for each model for a mass loss criterion of 5%. 

It appears that the Arrhenius standard model and the KAS model provide similar extrapolated lifespans 
over a wide temperature range and are consistent with the experimental data at 180, 200 and 220°C. The 
OFW model provides an acceptable approach with temperature range of the experimental data but drifts 
away from the Arrhenius law at low or high temperatures. On the other hand the FR modeling cannot 
give an acceptable estimation even within the temperature range of the isothermal TGA experiments. 
The KAS and OFW models indeed use data related to the advancement of the degradation assimilated 
to mass loss while the FR model uses the temporal derivative of the advancement assimilated to the rate 
of mass loss. If we observe the evolution of those two parameters in Figure 4, it can be noticed that the 
rate of mass loss (red) presents noise which could explain the unreliable results provided by the FR 
model. 

KAS and OFW models correctly reproduce PC373HA’s thermal behavior submitted to different thermal 
scenarii (temperatures, heating rates…). Both show that the higher the temperature, the faster the 
degradation process, approximately 10 minutes at 220°C and 100 minutes at 180°C, much less than the 
required 15 hours. It is therefore not recommended to use the PC373HA in laser applications where it is 
subjected to temperatures above 150°C. Also, in the event of an incident with the laser, if the temperature 
exceeds 200°C for more than 10 minutes or 180°C for more than 100 minutes, corrective action should 
be taken and the adhesive should be replaced.   

This study allows to better anticipate the possible deteriorations during the use of a laser assembly or 
the damages due to the occurrence of an incident. It helps to consider the corrective actions necessary 
for an efficient functioning of the laser.           
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5 Conclusion 

In this work, we investigate a commercial photocrosslinkable adhesive, PC373HA under thermo-
oxidative conditions, and its application in laser equipment (in fiber optics applications). Due to the 
increasing power of lasers, satisfying performances of the adhesives must be ensured in a wide range of 
temperatures usually ranging from ambient to 220°C encompassing temperatures that can be met by the 
laser apparatus during its use.  

Thermogravimetric analyses allowed the simulation of PC373HA’s accelerated ageing. These analyses 
allowed the building of Arrhenius type models in order to estimate an activation energy for a 5% mass 
loss in TGA (chosen as criteria of the begining of the degradation process).  

The Ozawa-Flynn-Wall model and the Kissinger-Akahira-Sunose model correctly reproduce 
PC373HA’s thermal behavior submitted to temperatures ranging from 50°C to 220°C and heating rates 
ranging from 2°C.min-1 to 10°C min-1. They show that the degradation process starts approximately after 
10 minutes at 220°C and after 100 minutes at 180°C, much less than the required 15 hours for laser 
operation endurances. Some adhesives might withstand such severe conditions. They include polyimide 
or phenolic adhesives that can be used at service temperatures close to 200 °C [37]. However, their 
curing processes are complex and are not suitable for optic applications. 150°C is the limit temperature 
for PC373HA and it is therefore not recommended to use this low refractive index photocrosslinkable 
adhesive in laser applications where it is subjected to higher temperatures. Moreover, in the event of an 
incident with the laser, if the temperature exceeds 200°C for more than 10 minutes or 180°C for more 
than 100 minutes, corrective actions should be taken and the adhesive should be replaced.  These models 
therefore provide fundamental information for laser applications and will allow the implementation of 
preventive solutions during use but also in case of incident. Replacing the damaged adhesive sbmitted 
to thermal stresses will prevent damage to other components of the laser assembly. Replacing the 
damaged adhesive will prevent damage to other components of the laser assembly. 

An important aspect of the targeted application that is not addressed yet is the exposure to laser radiation. 
Indeed, these adhesives are intended to coat optical fibers of high-power lasers and it is not to be 
excluded that the radiation can accelerate their degradation in addition to thermal oxidation.  

6 Annex 

 

 



  
13 

 

Figure 8: DMA curves of a PC373HA specimen in 10 mm 3-point bending. Deformation of 5µm at 1 
Hz with a temperature ramp of 3°C/min. 

 

Figure 9: Infrared spectrum of the PC373HA resin before and after UV exposure (Spectra were 
recorded on a Bruker-VERTEX 70 instrument (400 to 4000 cm-1, 4 cm-1 resolution, 32 scans, DLaTGS 
MIR) equipped with a Pike GladiATR optical design diamond crystal) for attenuated total reflectance 

(ATR).) 

 

Figure 10: PC373HA isothermal TGA curves for a duration of 1000 min with an airflow rate of 
60mL/min, at 150 °C. Repetition of the experiment. 
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Figure 11: PC373HA TGA curves at 2 °C.min-1 with a 60 mL/min airflow rate. Repetition of the 
experiment. 
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