
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Does age matter? Impact on fire safety properties of composite materials from ageing

Sandinge, Anna; Blomqvist, Per; Dederichs, Anne Simone

Published in:
I O P Conference Series: Materials Science and Engineering

Link to article, DOI:
10.1088/1757-899X/942/1/012042

Publication date:
2020

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Sandinge, A., Blomqvist, P., & Dederichs, A. S. (2020). Does age matter? Impact on fire safety properties of
composite materials from ageing. I O P Conference Series: Materials Science and Engineering, 942(1),
[012042]. https://doi.org/10.1088/1757-899X/942/1/012042

https://doi.org/10.1088/1757-899X/942/1/012042
https://orbit.dtu.dk/en/publications/e6458950-7a94-41be-a05f-7e9a0f7e408e
https://doi.org/10.1088/1757-899X/942/1/012042


IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Does age matter? Impact on fire safety properties of composite materials
from ageing
To cite this article: Anna Sandinge et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 942 012042

 

View the article online for updates and enhancements.

This content was downloaded from IP address 192.38.67.116 on 17/11/2020 at 17:08

https://doi.org/10.1088/1757-899X/942/1/012042
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstHw6qnYFSTRlHG58h9DpBjmm8AbE_n9edv-y-x6wfK3CHMyWcH0gkS94GQKv7QVzunObFPz9-DOV-CtNhRE1TZO2gHuTSiz1TDkzSW2me6hgLIkUoYhIR7WTpLkI0-H-JZg1BvREHHtKEUXuwwfU2yUTAYaKM3BEYe-ZIoz4x1VKU6NLGwMPvh306tBMvBpPInWrnqTqC7c6tx4it3ZPtfJ5m8TP5XyXA6048e7gqkA9yD92bp&sig=Cg0ArKJSzBv4dx1Ltlol&adurl=https://ecs.confex.com/ecs/239/cfp.cgi%3Futm_source%3DPW%26utm_medium%3DPDFCover%26utm_campaign%3D239AbstractSubmit%26utm_content%3DBanner1


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

41st Risø International Symposium on Materials Science

IOP Conf. Series: Materials Science and Engineering 942 (2020) 012042

IOP Publishing

doi:10.1088/1757-899X/942/1/012042

1

 

 

 

 

 

 

Does age matter? Impact on fire safety properties of 

composite materials from ageing 

Anna Sandinge12, Per Blomqvist1 and Anne Dederichs12 

1 RISE Research Institutes of Sweden, Borås, Sweden 
2 DTU Technical University of Denmark, Kongens Lyngby, Denmark 

anna.sandinge@ri.se 

Abstract. When materials are tested and classified before entering the market, they are mainly 

tested as newly produced. However, it is known that material properties change with time and 

when exposed to temperature, humidity, wind and light. As a result, it is important to have 

knowledge of how material age and which parameters are affected in order to retain safety. 

Studies show how the mechanical properties change when the materials age. But not much can 

be found in literature about the ageing effect on fire properties. In the present study, accelerated 

ageing testing was made with a composite material of phenolic resin and basalt fibres. Selected 

ageing methods applied were thermal ageing at 90 °C and moisture ageing at 40 °C and 90 % 

Relative Humidity. Samples were collected from ageing chambers after one, two and four weeks. 

To investigate the ageing effect on the fire properties of the composite, fire testing was conducted 

using cone calorimetry according to ISO 5660-1. The test results showed that ageing does matter. 

There was an impact on the material and the fire properties were affected. The ignition time 

decreased for the aged samples and the heat release rate slightly increased. Also, the smoke 

production increased with ageing. 

1.  Introduction 

When new products and materials are fire tested and classified before entering the market, they are tested 

as newly produced. However, it is known that material properties change with time and when exposed 

to harsh environments such as elevated temperature, humidity, wind and/or light. Many studies in 

literature show how mechanical properties change and deteriorate when the materials age. Not much 

can be found in the literature on the ageing effect on fire properties. An important question is what 

happens with fire properties when materials are exposed to temperature and humidity for a long time 

[1].  

Composite materials are widely used in applications in ships, railway vehicles, wind turbines and 

construction. Fibre Reinforced Polymer (FRP) composite materials are lightweight and have good 

mechanical properties. However, their weakness is the fire behavior, since they are combustible they 

will burn, and this can harm the safety of the construction [2]. For composite materials to be more 

resistant to fire there is often a treatment applied with flame retardants. The flame retardants can be 

added to the materials surface, mixed with the material or incorporated in the material chemically. As 

confirmed by fire testing of newly produced materials, the criteria for fire performance are achieved. 

However, how these flame retardants act when aged is to a large extent unknown [1]. 

With respect to maintenance and the sustainable life cycle, it is essential to know the time for 

replacement of materials in applications such as vehicles and buildings due to degradation in the 

material. It is critical to know at what stage the material no longer fulfils the safety regulations and 
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requirement regarding the fire safety. From an environmental perspective, the replacement of materials 

should not be done too early in a products life cycle. Altogether, the ageing effect on material properties 

is important.  

2. Theoretical background

The only truly valid ageing method is storing materials for the corresponding time in their end use 
climate and then evaluate the material properties. However, this is time consuming and often not an 
option in development processes. Accelerated ageing can be used in order to shorten the process, which 
is a method to expose materials to a proper simulation of long-time use. Damage and degradation of the 
material can occur after a few days, weeks or months, which would normally occur after years of use  in 
end use climate [3] [4].

2.1.  Accelerated ageing methods 

The selection of ageing method is important and should represent the end use climate. Important 

parameters to consider when selecting ageing method are the time scales, number of experimental points, 

choice of degradation agent and parameters to evaluate. The degradation agents are light, heat, liquids, 

gases, radiation, mechanical stress and electrical stress. The degradation of materials can be both 

physical and chemical. If the selected ageing method or climate is too tough, there can be a physical 

degradation or chemical reactions which would not take place when the materials are aged in real-time 

with end use climate. This will result in an incorrect evaluation of the material properties [3] [5]. In the 

following sections, thermal and moisture ageing are described more closely as they were applied in the 

current work. 

2.1.1 Thermal ageing. Thermal ageing is a commonly used accelerated ageing method which is easy to 

conduct. The impact of thermal ageing with a polymer is molecular impairment within the material due 

to exposure of heat. As a result, the long polymer chains are broken and reactions are initiated, leading 

to a change in material properties [6]. Degradation mechanisms of a FRP composite material is 

temperature dependent and the degradation increases with increasing temperature [1]. In this paper, 

thermal ageing is the exposure to an elevated temperature during a discrete time. 

A useful tool to correlate the time for accelerated ageing with actual ageing time in the end user 

application is the Arrhenius Rate Law, defining the rate of a chemical reaction as increasing 

exponentially with the absolute temperature. The Arrhenius Rate Law is given by equation (1). 

ln 𝑘(𝑇) = −
𝐸𝑎

𝑅𝑇
+ 𝑙𝑛𝐴 (1)

Where k is the reaction rate of the process, Ea is the activation energy, R the universal gas constant, 

T the absolute temperature and lnA is the pre-exponential factor, expressing the total number of 

molecular collisions that may initiate a reaction [3]. High temperature and low activation energy results 

in a higher rate constant speeding up the degradation process [7] [5]. Thus, when a material is exposed 

to higher temperature the speed of chemical reactions in the material increases. This increase in kinetic 

energy of the molecules is described by RT in the Arrhenius rate law. If the reaction mechanism does 

not change with temperature the activation energy is constant. When dealing with an activation energy 

independent of temperature, there is a linear relationship between the logarithm of the reaction rate, ln 

k, and the inverse of the absolute temperature. This can be simplified with a rule of thumb for reactions 

at room temperature; the reaction rate doubles for every 10 K increase in temperature. If a material is 

stored at 30 °C for 10 weeks, the accelerated ageing climate corresponding would be 40 °C for 5 weeks. 

However, care should be taken with extrapolations [8] [9]. 
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2.1.2 Moisture ageing. A high moisture content constitutes a harsh environment for many 

materials since it can cause damage to the material structure. The material can absorb moisture 

resulting in dimensional changes, swelling, reduction in glass transition temperature and/or reduction 

of mechanical properties [2] [10]. Accelerated ageing with moisture can be conducted in numerous 

ways. It can, e.g., be exposure to a specific humidity of the surrounding atmosphere or by immersion 

in a liquid [3] [10]. 

3. Experimental method

The materials used and the methods of fire testing of the aged and unaged materials are presented 

below.

3.1.  Material 

An FRP composite material consisting of Phenolic resin and Basalt fibres was used for the study. 

This material could, e.g., be used in wall or floor applications inside a ship or as windmill rotors. 

This composite also contained an expansion agent which is active during manufacturing of the 

composite, and its mechanism gives the possibility for different densities of the composite. The 

selected composite for the study had a density of 1000 kg/m3 and a thickness of 3 mm. 

3.2.  Accelerated ageing 

The intended end use of the Phenolic/Basalt composite material investigated in this study is 

an application as a wall or floor kept at 20 °C for at least 10 years. Using the rule of thumb of 

Arrhenius Rate law this would correspond to an accelerated ageing climate exposure of 90 °C for 4 

weeks. Samples were taken from the heat chamber after one week, two weeks, as well as four weeks, 

in order to follow the expected degradation of the material. However, since 90 °C is a considerable 

higher temperature compared to the end use climate, there is a possibility that non-typical reactions 

can occur due to the high temperature, which would not occur when aged in real-time. This would not 

be possible to exclude without conducting ageing tests for longer times at lower temperatures. 

For this study, moisture ageing with a specific air humidity was selected. The Phenolic/

Basalt composite material was aged at 40 °C and with a Relative Humidity (RH) of 90 %. 

Samples were collected from the humidity chamber after one week, two weeks and four weeks [11] 

[12]. 

3.3.  Testing with TGA 

To evaluate the thermal stability of the Phenolic/Basalt composite material, Thermal 

Gravimetric Analysis (TGA) was applied. During this test, the mass of the material was monitored 

over time as the temperature increased with 10 K/min. Tests were conducted with ambient air as the 

atmosphere [13].  

3.4.  Fire testing 

Fire testing was conducted using cone calorimetry according to ISO 5660-1 to measure time to 

ignition and heat release rate (HRR). The samples were mounted horizontally and exposed to a heat 

flux of 50 kW/m2. Duplicate tests were run with unaged samples and samples aged for one week, two 

weeks and four weeks. The test duration was 20 min [14]. 

When conducting cone calorimeter tests with composite materials, there is often unwanted burning 

originating from the specimen edges. This results in an extra contribution in heat release to the 

test results which would not appear in the end use of the product. To avoid this edge effect, a 

modified specimen holder was used. The sample specimen had the size of 136×136 mm and a 

modified frame with a circular opening with a diameter of 106 mm was used. This resulted in an 

exposed area of the specimen that was the same as that of the standard specimen holder described in 

ISO 5660-1. The larger distance to the specimen edges in the modified specimen holder was intended 

to prolong the time until start of pyrolysis of the edges. Further, between the sample and the retainer 

frame of the specimen holder was a 5 mm thick slab of insulation to prevent heating of the unexposed 

surface [15]. 
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4.  Results 

Results from the tests conducted are given below. The aged samples were compared to unaged samples 

regarding physical appearance by visual inspection and fire safety properties by the cone calorimeter 

tests. 

4.1.  TGA test results 

The results showed a relatively small gradual mass loss up to 300 °C and can therefore be seen as 

thermally stable at temperatures below 300 °C. Above this temperature, significant thermal 

degradation took place. Based on these results, using an accelerated ageing temperature of 90 °C, 

would be acceptable since it is below the critical temperature. 

4.2.  Visual inspection 

A visual inspection was made of all samples after the accelerated ageing. The samples exposed to heat 

showed a distinct colour change. This colour change occurred already after one week. There were no 

shrinkage or mass change. The samples exposed to moisture and moderately increased temperature 

showed some colour change, not as distinct as for the thermally aged samples. There were no shrinkage 

or mass change. 

 

 

Figure 1. Samples of Phenolic/Basalt composite after thermal ageing (upper photo) and moisture 

ageing (lower photo). The sample to the left is unaged, then to the right, samples aged for one week, 

two weeks and four weeks, respectively. 

4.3.  Cone calorimeter testing 

Table 1 shows the results of duplicate tests conducted with the cone calorimeter for unaged and thermal 

aged samples. Both the unaged samples and samples aged for one week show good repeatability 

regarding time to ignition and Total Heat Release (THR). The peak Heat Release Rate (HRR) has 

somewhat lower repeatability. However, the Total Smoke Production (TSP) shows very low 

repeatability, the value is about twice as high for one of the duplicates in both cases. The repeatability 

of the samples aged for two and four weeks was less good in case of time to ignition and especially peak 

HRR. One can note that for both the two- and four-weeks aged samples, the duplicate test with the 

longest time to ignition showed a higher peak HRR. The repeatability of TSP was better for the two- 

and four-weeks samples. 

Visual observations in the tests showed the same general burning behaviour for all thermal aged 

samples as well as for the unaged samples. Early in test, before ignition of sample, there were a loud 

popping sound (from delamination) and flashing from the surface. All samples showed smoke appearing 

from the rear side of the specimen holder (from edge leakage of pyrolysis gases), but no ignition. The 

time for smoke at the rear side varied for the samples. For the unaged samples, smoke from rear side 

was observed at 170-200 s. This observation was noted at an earlier time for the aged samples, at 50-70 

s for the one-week aged samples, at 120-170 s for two weeks aged samples and at 110 s for the four 

weeks aged samples. 
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Table 1. Cone calorimeter results of thermally aged material, duplicate tests. 

Ageing time Time to 

ignition 

(s) 

Extinguished 

at time (s) 

peak HRR 

(kW/m2) 

THR300 

(MJ/m2) 

THR 

(MJ/m2) 

TSP300 

(m2/m2) 

TSP 

(m2/m2) 

Un aged 
93 726 110 12 35 85 87 

96 735 135 13 35 161 161 

mv (rel md %) 95 (2) 731 (1) 123 (10) 13 (4) 35 (0) 123 (31) 124 (30) 

1 week 
62 835 87 11 33 41 52 

59 651 107 12 33 82 99 

mv (rel md %) 61 (2) 743 (12) 97 (10) 12 (4) 33 (0) 62 (33) 76 (31) 

2 weeks 
84 813 190 16 40 206 221 

68 918 130 15 39 180 191 

mv (rel md %) 76 (11) 866 (6) 160 (19) 16 (3) 40 (1) 193 (7) 206 (7) 

4 weeks 
73 699 112 14 37 120 121 

88 997 153 15 39 177 187 

mv (rel md %) 81 (9) 848 (18) 133 (15) 15 (3) 38 (3) 149 (19) 154 (21) 

Note: mv is the mean value of the duplicate tests and rel md % is the relative mean deviation in percentage from 

the mean value. 

Despite the in some cases low repeatability of the duplicate tests, some valid conclusion can be made. 

The results showed clearly that the reaction-to-fire properties were affected by the ageing conditions. 

There was a faster ignition of all thermally aged samples compared to unaged samples. The HRR as a 

function of time of all samples are shown in Figure 2. The peak HRR decreased for samples aged for 

one week compared to the unaged samples, but the THR did not change. The THR value presented in 

Table 1 show the total heat release from ignition to end of test. As shown in Figure 2, the HRR reaches 

a steady-state production at approximately 300 s which gradually slowly decreased until the time of 

extinguishing. In addition, the total heat release was calculated from time for ignition to 300 s of test 

time, THR300. This shows that even though the peak HRR for the one-week aged samples was lower 

than for the unaged samples, the total heat release from the samples was the same. Samples aged for two 

and four weeks showed an increase in the peak HRR compared to the unaged samples. The THR300 also 

showed an increase for the two- and four-weeks aged samples, as well as the THR for the complete tests. 

 

Figure 2. Heat release rate as a function of time, thermally aged material, duplicate tests. 

 

Figure 3 shows the smoke production rate as a function of time. The smoke production increased fast at 

time for ignition, shown by the peak, and then decreased slowly. After 200 s, the smoke production had 

decreased for all samples, to stabilize close to zero. Table 1 shows the result of TSP300, total smoke 
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production from ignition to 300 s of test, and TSP, total smoke production from ignition to end of test. 

The repeatability of the smoke results was poor in the duplicate tests with the unaged and one-week 

aged samples as already discussed. The repeatability of TSP was better for the two- and four-weeks 

samples, and it is clear from the results that more smoke was produced from these samples compared 

with the unaged and one-week aged samples. 

 

Figure 3. Smoke production rate as a function of time, thermally aged material, duplicate tests. 

Table 2 shows the cone calorimeter results of the unaged samples and samples exposed to moisture 

and moderately increased temperature. The repeatability of the duplicate tests was acceptable for all test 

parameters with exception of the smoke production for the unaged samples.  

Observations made during the tests showed a similar burning behaviour for both unaged samples and 

aged samples. Before ignition of the sample there was the loud popping sound as mentioned earlier. All 

samples showed smoke leakage from the rear side of the specimen holder, but no burning. Time for the 

smoke observation was at 170-200 s for the unaged samples as discussed above, 100-140 s for one-week 

moisture aged samples, 170-240 s for two weeks aged samples and 140-230 s for four weeks aged 

samples. 

Table 2 Cone Calorimeter results of moisture aged material, duplicate tests. 

Ageing time Time to 

ignition 

(s) 

Extinguished 

at time (s) 

peak HRR 

(kW/m2) 

THR300 

(MJ/m2) 

THR 

(MJ/m2) 

TSP300 

(m2/m2) 

TSP 

(m2/m2) 

Un aged 
93 726 110 12 35 85 87 

96 735 135 13 35 161 161 

mv (rel md %) 95 (2) 731 (1) 123 (10) 13 (4) 35 (0) 123 (31) 124 (30) 

1 week 
97 930 146 14 36 198 205 

98 617 149 13 36 171 172 

mv (rel md %) 98 (1) 774 (20) 148 (1) 14 (4) 36 (0) 185 (7) 189 (9) 

2 weeks 
100 721 156 15 39 234 247 

100 753 163 15 38 222 228 

mv (rel md %) 100 (0) 737 (2) 160 (2) 15 (0) 39 (1) 228 (3) 238 (4) 

4 weeks 
97 784 148 15 41 234 239 

106 828 148 14 37 185 186 

mv (rel md %) 102 (4) 806 (3) 148 (0) 15 (3) 39 (5) 210 (12) 213 (12) 

Note: mv is the mean value of the duplicate tests and rel md % is the relative mean deviation in percentage from 

the mean value. 
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Comparing the test results of the unaged samples with the moisture aged samples shows that the 

accelerated aging had some limited effect on the reaction-to-fire properties. There was a slight increase 

in time to ignition for all aged samples. There was also an increase in peak HRR for all aged samples, 

with highest peak for the two weeks aged samples, shown in Figure 4. The heat release decreased after 

the initial peak at time for ignition, to reach a steady state of heat release at approximately 300 s. The 

THR increased somewhat with increasing ageing time for all aged samples compared to the unaged 

samples. 

 

Figure 4. Heat release rate as a function of time, moisture aged material, duplicate tests. 

The smoke production rate shown in Figure 5 illustrates that all aged samples had a higher smoke 

production compared to the unaged samples. All samples showed a peak in production at time for 

ignition followed by a decrease to almost no production.  

 
Figure 5. Smoke production rate as a function of time, moisture aged material, duplicate tests.  

5.  Conclusions 

The test results showed that there are changes in reaction-to-fire properties when the material is aged, 

i.e. age matters. For the samples exposed to thermal ageing, there was a clear decrease in time to ignition, 

the heat release rate was increased, and the smoke production was increased. For the samples aged in 

moisture climate, there was a limited influence on the time to ignition, but the heat release rate and 

smoke production were increased compared to the unaged samples.  
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The main conclusion from the results is that there is a change in fire properties of the Phenolic/Basalt 

composite material when exposed to accelerated ageing. The results indicate that ageing deteriorates the 

material properties concerning fire safety. However, this study was conducted with one selected 

composite material only. Further testing with accelerated ageing is needed to better understand the effect 

of ageing on composite materials and the fire behaviour. 
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