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A B S T R A C T

This article analyzes the effect of fire on plasterboards with aggregates of plastic cable waste, considering the 
plaster coating as a strategy to reduce the flammability of the added polymers. A real test was performed, using a 
direct fire set in a Madrid fire station, and a theoretical estimate of the composition of the gas emissions, focused 
in CO2 and CO, during a fire in a type room is presented. The results reflect that there is no clear trend between 
the evolution of temperatures over time and the amount of plastic waste added to the plaster matrix in the 
different specimens, but a different behavior is obtained depending on the surroundings where they are located. 
Temperatures of 600 ◦C are reached between 5 and 10 min after the start of the fire if they are located in a place 
with heat containment, and they do not reach 400 ◦C in the same period of time in a place with less heat 
containment. It was also observed that gypsum can be considered a passive protection of polymers, as it retards 
the effect of the flame on them. Concerning the gases released, the theoretical calculations, based on the 
elemental and thermogravimetric analysis of the plastic cable waste, reveal that the amount of carbon dioxide 
generated in a fire would not pose a risk to people’s health whereas the values obtained for the carbon monoxide 
exceed the limited considered dangerous to health for a period greater than 15 min. Using plastic cable waste as 
secondary raw material reduces the number of incinerations to be carried out in landfills with this type of waste, 
thereby decreasing the potential emission of contaminants into the atmosphere and contributing to the sus-
tainability of our planet.   

1. Introduction

In construction materials, an absolute requirement is knowledge of
how these materials are affected by fire. This includes not only the 
danger of their being set on fire and the destruction of the construction 
element made up by the material but also the risk resulting from the 
production of combustion gases during the course of the same. 

The development, evolution and consequences of a fire are complex 
phenomena that depend on the quantity and nature of the burning 
material as well as other factors. These other factors may also be decisive 
in the fire’s development, and include building design, location, po-
tential ignition sources, ventilation and environmental factors. In 
addition, the installation’s design and form, as well as its protection and 
use, also play a major role in fire safety [1]. Distinct materials 

participate in a fire, and plastics behave like other organic materials [2]. 
Specifically, manufacturers of plastics for use in construction tend to 

design their products in accordance with current European and national 
standards, developing products with improved and/or specific fire 
behavior characteristics [3–5]. Fire resistance testing of the construction 
materials, including the plastic materials, is based on a 
time-temperature curve that is defined in ISO standard 834 [6], which 
does not represent any type of natural fire. As mentioned above, a real 
fire depends on the characteristics of the location where it takes place, 
the type and quantity of fuel and the existing ventilation conditions. 
Therefore, the analysis of the effects resulting in a material that has been 
affected by a real fire is essential. A real fire occurs in the following 
phases: ignition, latent fire, heating and cooling [7]. 

On the other hand, in addition to the risk from the excessive 
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temperatures that may arise during a fire, smoke also represents a major 
threat to individuals, and therefore, it is important to examine the gases 
produced in a combustion. Of all of the contaminants generated in the 
polymer combustion process, the following are of special note [8]: 
carbon monoxide (CO) [1,9], carbon dioxide (CO2) [1,10], volatile 
heavy metals [11], acid fumes [12], dioxins (PCDDs) and furans (PCDFs) 
[13]. It should be noted that gases produced in a combustion are the 
result of not only spontaneous fires, but also of plastic waste incineration 
facilities, where these products wind up, due to their heterogeneity and 
recycling difficulties. And it is here where the other mentioned sub-
stances, in addition to CO (fly ash, HCl, SO2, NOx, dioxins, furans, etc.), 
may be of special relevance [13]. In Spain, gaseous streams originating 
in these plants should be treated prior to their discharge to the envi-
ronment, to comply with emissions thresholds established by Royal 
Decree 815/2013, of 18 October, approving the Regulation on industrial 
emissions and the development of Law 16/2002, of 1 July, on integrated 
contamination prevention and control [14]. 

When plastic burns, a thermo-oxidative reaction takes place which 
reduces the polymer’s carbon chains to monomers, which are in turn 
reduced to CO2, water and other combustion products [15]. One of the 
strategies used to reduce the flammability of plastic materials and the 
effect of the same in a fire is the addition of flame retardants in their 
formulation. These increase the duration of the latent fire phase, 
permitting an increased exhaust time and a reduction in the risk of fire as 
well as the fire spread. However, another option is to establish phys-
ical/chemical barriers between the polymer and the ignition source, 
such as reinforcement layers or plasterboard or mortar panels. 

Some studies have examined the effects of fire on plastics [16–18], 
and more specifically, on the covering of plastic cables [19], in rubber 
construction elements in cement [20] and concrete [21] matrices, and 
even in plasterboard panels [22,23]. This study, unlike past works, 
considers the action of fire on plasterboard panels containing plastic 
waste aggregates, and whether or not the plaster may be considered a 
physical barrier between the polymer and the fire. In addition, with the 
manufacture of these panels, incinerations of this type of plastic wastes 
are reduced and, consequently, the potential release of contaminants in 
the atmosphere. 

2. Materials and methods

2.1. Materials

For the creation of panels containing plastic waste aggregates from 
cables, the following materials were used:  

- Fast-setting European A designation gypsum, in accordance with
UNE EN 13279–1 [24] standard, manufactured by Placo.

- Water from Canal de Isabel II (Madrid), having the technical char-
acteristics established in UNE EN 13279-2 standard [25].

- Plastic cable waste (PR), obtained from an unused cable recycling
process. This waste, having a granulometric size of less than 3 mm,
consists of a heterogeneous mixture of thermostable polymers and
thermoplastics (Fig. 1).

2.2. Test sample preparation 

For the preparation of the test samples, indications from UNE EN 
13279-2 standard were followed, as well as instructions from studies 
conducted by Serrano [26] and Piña [27]. Panels measuring 
320 ± 1.5 mm x 150 ± 1.5 mm with a thickness of 15 mm were prepared, 
having a water/plaster mass ratio of 0.8. The quantity of the waste 
incorporated into the mixture was 50%–60%-70% (E0.8-50PR – 
E0.8-60PR – E0.8-70PR) of the aggregate over the plaster mass (dosage 
in Table 1). In addition, a batch with no plastic waste was also created as 
a reference batch (E0.8). 

During test sample preparation and in order to avoid the buoyancy of 
the waste, dry plaster and waste were mixed together for several seconds 
prior to adding the water and proceeding with mechanical mixing [28]. 
The samples were then stored in the laboratory for seven days (tem-
perature of 23±2 ◦C and relative humidity of 35 ± 5%) as indicated in 
the UNE EN 13279-2 standard. 

Finally, 12 panels were obtained, organized in 4 batches (Fig. 2); the 
first batch of 3 panels without waste (reference panels); the second batch 
of 3 panels with 50% waste; the third batch of 3 panels with 60% waste; 
and the fourth batch of 3 panels with 70% waste. All of these batches 
were subjected to direct fire testing, as used by the Fire Prevention and 
Extinction Department of the Autonomous Community of Madrid, in 
accordance with UNE EN 1363-1:2015 and UNE-EN 1363-2:2000 stan-
dards [7,29,30]. 

Fig. 1. (Left) cables in the recycling plant. (Right) plastic cable waste obtained after recycling. Source: Lyrsa Álava (Spain).  

Table 1 
Composition of compounds.  

Panel Plaster 
(%) 

Water 
(%) 

Pellets 
(%) 

Bulk density 
(g/cm3) 

Weight at 7 
days (g) 

E0.8 100 80 0 1007.70 703.30 
E0.8- 

50PR 
100 80 50 1016.40 778.20 

E0.8- 
60PR 

100 80 60 1016.50 774.40 

E0.8- 
70PR 

100 80 70 1015.10 796.60  

A. Vidales-Barriguete et al.
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2.3. Experimental plan 

For the analysis of the behavior of the components in response to a 
fire, direct, non-standardized real fire testing was conducted, as well as 
an estimation of the gases released from the combustion of the 
components. 

2.3.1. Direct real fire test 
To analyze the effect of the fire on the different components made, a 

non-standardized, real fire test was conducted in the Collado Villalba 
Fire Station, in the Community of Madrid (Spain). To carry out this 
direct fire resistance test, ISO standard R-834 [6] was considered, in 
which it is estimated that sixty minutes of heat stress in a construction 
fire is equivalent to the heat stress of 40 kg of pine wood per square 
meter (kg/m2). 

The panels were placed on a grill situated inside a room that was 
previously prepared for the real fire tests. A thirty-minute test was 
prepared. Therefore, prior to the same, 20 kg of chopped pine wood 
were distributed over the grill. The panels were extended horizontally 
with one of their sides coming into direct contact with the fire, such that 
a sample of each component was present in each of the areas generated 
in the grill. That is, the area furthest from the fire (out), the interior area 
(ins) and the middle area (med). In this scheme, there are six panels 
situated in the rear part of the grill, and therefore in a place with heat 
containment due to the walls of the room; the other six panels are 
located in the front part of the grill, that is a place with less heat 
containment (Fig. 3). 

Afterward, and in order to promote the combustion, approximately 
one liter of gasoline was sprayed on the wood and the set was lit. For the 
thirty minutes of the test (Fig. 4), temperature readings were carried out 
at three points of each test sample, every 5 min, using a Testo 845 laser 
reader. Finally, the samples were allowed to slowly cool off. 

2.3.2. Bases for the theoretical estimate of the combustion gas composition 
For this, the existing bibliography in this area was consulted. In 

addition, an estimated calculation of the quantity of CO2 and CO emitted 
was performed, based on the chemical decomposition of the PR, 

according to the results obtained in the thermogravimetric test and 
elemental analysis, conducted in a prior study and presented in Tables 2 
and 3 [2,31]. Based on this calculation, an approximation was made of 
the quantity of CO and CO2 emitted by the compounds in a room 
suffering from a real fire (Fig. 5). 

3. Results and discussion

3.1. Behavior in response to a real fire 

The mean data obtained from the three temperature readings of each 
of the panels is shown in Table 4. The environmental temperature at the 
time of the test onset was 3.6 ◦C and at 5 min of exposure to the fire, all 
of the compounds exceeded 200 ◦C. In general, maximum temperatures 
were reached between 5 and 10 min of exposure for all of the com-
pounds, except for the compound containing 50% waste, which reached 
its maximum after 15–20 min. 

First, the panels placed in the exterior position with distinct 
composition were analyzed (Fig. 6-A). At 10 min of test onset, the 
reference compound and the compound consisting of 70% waste had 
reached the maximum peak temperature, which was approximately 
600 ◦C. Over the following 5 min, and in a brusque manner, they began 
their cooling process, until reaching 330 ◦C, which finalized at 260 ◦C, 
some 30 min after the onset of the fire. Compounds containing 50% and 
60% waste had a distinct behavior, with a maximum temperature peak 
being reached at 5 min of the trial onset and not exceeding 370 ◦C. Their 
cooling process was more gradual until reaching 180 ◦C and 265 ◦C, 
respectively, at the end of the test period. 

The panel placed in the external area having the best fire behavior in 
terms of temperature was E0.8-50PR-OUTSIDE (maximum temperature 
reached of 369.00 ◦C at 5 min and final temperature of 178.67 ◦C). The 
worst behavior was that of E0.8-70PR-OUTSIDE (maximum temperature of 
597.00 ◦C reached at 10 min and final temperature of 267.33 ◦C). 

Next, all of the panels placed in the middle position were analyzed 
(Fig. 6-B). In this case, the panels consisting of 50% and 60% waste 
reached a maximum peak temperature of 600 ◦C some 10 min after test 
onset. During the next 5 min, their temperature decreased to 

Fig. 2. (Left) batches of plasterboard and PR panels. (Right) panel section.  

Fig. 3. Placement of the panels on the grill. Layout (left), reality (right).  

A. Vidales-Barriguete et al.
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approximately 460 ◦C although 5 min later, it returned to 600 ◦C in the 
case of the 50% waste panels and 535 ◦C for the 60% waste panels. At 
the end of the 30-min test, their temperature was 320 ◦C. On the other 
hand, the reference compound and the compound with 70% waste had a 
maximum peak temperature at 5 min following the test onset, and did 

not reach 390 ◦C; then, the temperature began to gradually lower until 
reaching 217 ◦C at the end of the test. 

The best fire behavior, in terms of temperature, of the panels situated 
in the middle area, was that of E0.8-70PR-MIDDLE (maximum temperature 
reached of 389.33 ◦C at 5 min and, at the end of the test, 216.33 ◦C). The 
worst behavior was that of E0.8-60PR-MIDDLE (maximum temperature of 
603.33 ◦C reached at 10 min and, at the end of the test, 318.00 ◦C). 

Third, the panels situated in the interior area were analyzed (Fig. 6- 
C). The reference compound and the compound with 70% waste reached 
a maximum peak temperature of over 600 ◦C in both cases (603.33 ◦C 
and 665.33 ◦C, respectively) at 10 min. Then, the cooling process for the 
70% waste compound panels began gradually, until 20 min had passed, 
at which point it increased over the final 10 min, reaching 260 ◦C by the 
end of the test. However, the reference compound experienced a harsh 
temperature decrease some 15 min before test completion, until grad-
ually ending at 335 ◦C. The compound containing 50% waste had a 
maximum peak temperature at 15 min, and then gradually began its 
temperature descent until reaching 270 ◦C upon the test’s completion. 
The compound made up of 60% waste reached its maximum peak 
temperature at 5 min, reaching 300 ◦C, then decreasing during the 
following 5 min to reach 180 ◦C and, then, once again began to increase 
until reaching 265 ◦C at the end of the test. 

The panel located in the lower area that displayed the best fire 
behavior, in terms of temperature, was E0.8-60PR-INTERIOR (maximum 
temperature of 298.33 ◦C reached at 5 min and, at the end of the test, 
266.33 ◦C). The panel with the poorest behavior was E0.8-70PR-INTERIOR 
(maximum temperature of 628.33 ◦C reached at 5 min and, at the end of 
the test, 334.33 ◦C). 

The behavior between panels having the same compound but 
different positions was also analyzed (Fig. 7). It can be observed that the 
panels of the reference compound behaved similarly to the panels with 
the compound with 70% PR, that is, the panel placed in an interior 
position is that which reaches the highest temperature, slightly sur-
passing 600 ◦C. On the other hand, the middle position panel reaches the 
lowest temperature, not higher than 390 ◦C. The panels located in the 
exterior position, contrary to expectations, also reached temperatures of 
almost 600 ◦C. As for compounds with 50% PR and 60% PR, their panels 
behaved similarly. In this case, the panel placed in the middle position 
was the one to reach the highest temperature, approximately 600 ◦C; the 
panel placed in the interior position reached the lowest temperature, not 
exceeding 330 ◦C and; finally, the panel placed in the exterior position 
reached temperatures that were slightly higher than those of the interior 
panel, approaching 370 ◦C. 

In general, the panel revealing the best fire behavior, in terms of 
temperature, was E0.8-60PR-INTERIOR (maximum temperature reached was 
298,33 ◦C, at 5 min). The panel with the poorest behavior was E0,8-70PR- 

Fig. 4. Phases of the fire. 1- ignition; 2- latent fire; 3- heating; 4- cooling.  

Table 2 
Loss of mass of samples in thermogravimetric analysis.  

Raw 
Material 

<100 ◦C 
(%) 

100◦C–200 ◦C 
(%) 

550◦C–800 ◦C (%) Total 
(%) 

Gypsum 1 5.8 0.8 7.7   

<350/375◦C 
(%) 

350/375–700◦ C 
(%) 

Total 
(%) 

PR  20.6 59.3 81.4%  

Table 3 
Elemental analysis of samples (concentration greater than 0.5%).  

Compound/Element Gypsum (%) Compound/Element PR (%) 

Calcium sulfate 99.70% Organic material 77.20% 
Aluminum 0.022% Bromine 3.300% 
Iron 0.035% Calcium 1.470% 
Match 0.010% Chlorine 3.350% 
Silicon 0.068% Copper 4.330% 
Strontium 0.157% Iron 0.520%   

Magnesium 0.176%   
Lead 1.350%   
Sulfur 0.041%   
Antimony 7.080%   
Silicon 0.467%   
Titanium 0.314%   
Zinc 0.443%  

Fig. 5. Gas emission from plasterboard panels subjected to a real fire.  

A. Vidales-Barriguete et al.
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INTERIOR (maximum temperature reached of 628.33 ◦C at 5 min). 
In addition, it was observed that the behavior of the specimens 

located in the rear part of the grill, with more heat containment, was 
similar between them, in terms of temperature range and durability over 
time (Fig. 8A). The temperature reached exceeded 600 ◦C in all the 
specimens and their cooling was slower, gradually decreasing over time. 

The behavior of the specimens located in the front part of the grill, 
with less heat containment, was also similar, but different from the 
previous ones (Fig. 8B). In this area, the temperature of the specimens 
did not reach 400 ◦C and their cooling began 5 min after the fire started, 
the temperature remaining practically uniform from 10 min until the 
end of the test. 

Overall, all of the tested panels had a charred external appearance 
(Fig. 9); however, the interior of the reference panels (without waste) 
was unaltered, due to its non-flammability, while the interior of the 
panels with waste displayed a multitude of voids, due to the disap-
pearance of the polymers following their fusion and combustion 
(Fig. 10). According to the previous study in which thermogravimetric 

analysis was performed on the waste included in the plasterboard, the 
fusion of the polymeric waste took place at an approximate temperature 
of 200 ◦C, and at approximately 500 ◦C, its thermal-oxidative decom-
position in air was complete [2,31]. The decomposition of the waste led 
to a series of cavities in the panel mass, which weakened the connection 
of the gypsum particles. The reference panels became more fragile and 
broke during the test, while the panels with waste, in addition to 
breaking, easily disintegrated. 

It should be noted that in the bibliography considering plasterboard 
panels with aggregate plastics, when standardized combustibility tests 
were carried out, a relationship was observed between the quantity of 
polymers and the velocity and onset of combustion, with a larger pro-
portion of polymers increasing combustion speed and accelerating the 
onset of the same [32,33]. In the real fire test performed in this work, no 
clear tendency has been observed between the quantity of the polymer 
of the panel and the temperature-time profile. However, it is evident that 
the presence of gypsum acts as a retardant of the combustion processes 
for the polymeric waste found in the panels as compared to the 

Table 4 
Average temperature of the panels during the real fire test.  

Panel T (◦C) T (◦C) T (◦C) T (◦C) T (◦C) T (◦C) T (◦C) 

0 min 5 min 10 min 15 min 20 min 25 min 30 min 

E0.8-OUTSIDE 3.60 443.33 602.67 328.00 301.67 281.00 236.33 
E0.8-50PR-OUTSIDE 3.60 369.00 231.67 174.33 176.33 166.33 178.67 
E0.8-60PR-OUTSIDE 3.60 366.67 292.33 211.00 248.00 299.00 264.67 
E0.8-70PR-OUTSIDE 3.60 501.33 597.00 315.67 250.67 258.33 267.33 

E0.8-MEDIUM 3.60 354.00 229.00 269.33 248.67 264.00 217.00 
E0.8-50PR-MEDIUM 3.60 450.67 596.67 433.33 600.00 352.67 311.00 
E0.8-60PR-MEDIUM 3.60 531.67 603.33 479.33 533.33 359.67 318.00 
E0.8-70PR-MEDIUM 3.60 389.33 240.33 238.33 220.00 224.00 216.33 

E0.8-INSIDE 3.60 567.00 603.33 344.67 333.00 308.00 260.33 
E0.8-50PR-INSIDE 3.60 232.67 212.33 325.30 303.33 234.33 270.67 
E0.8-60PR-INSIDE 3.60 298.33 179.33 269.67 229.33 276.67 266.33 
E0.8-70PR-INSIDE 3.60 628.33 665.33 600.00 596.67 378.00 334.33  

Fig. 6. Temperature reached by the panels during the real fire test. (A) in exterior position of all compounds. (B) in middle position of all compounds. (C) in interior 
position of all compounds. 

A. Vidales-Barriguete et al.
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polymeric materials that were completely exposed. The inflammable 
nature of the plaster protects the polymeric waste for some time, espe-
cially during the ignition phase, offering additional time for user 
evacuation. 

3.2. Theoretical estimate of the combustion gas composition 

For the calculations made in this section, the analytic results ob-
tained for the PR following the thermogravimetric analysis in the air 
were considered, as well as the results obtained in the elemental analysis 
[2,31]. 

Based on these results, it was found that PR lost 84% of their mass 
and their decomposition process took place at the 200–500 ◦C range. 
Given the temperatures reached in the fire test, which exceeded 600 ◦C, 
and because temperatures in a fire tend to reach between 800 ◦C and 
1200 ◦C [1], it is quite likely that the pellet decomposition processes will 
be completed after reaching any of these temperatures. Some 16% of the 
remaining PR appear in the form of ash, which, according to the bibli-
ography, consists of oxides of elements found in the polymers 
(aluminum, silicon or alkaline metals), heavy metals of low volatility 
and residual carbon materials [8]. As for the elemental analysis of the 
PR, which contains Si and Ca, silicon oxide and calcium oxide may be 
found in the ash. 

Fig. 7. Temperature reached by the panels during the real fire test. A: E0.8; B: E0.8-50PR; C: E0.8-60PR; D: E0.8-70PR.  

Fig. 8. Temperature behavior in the zone with more heat containment (A) and with less heat containment (B).  

Fig. 9. Exterior appearance of the panels at the end of the real fire test. Ends– 
reference panels. Center– panels with waste. 

A. Vidales-Barriguete et al.
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This lost mass of some 84% of the PR may include both the com-
bustion of the carbon material (organic) as well as the formation of 
compounds derived from the volatile metals; once again considering the 
elemental composition of the PR, which may produce volatile oxides of 
Pb and Sb. The presence of chlorine in the pellet would favor the for-
mation of other volatile compounds, such as, for example, Pb or Zn 
chloride. In addition, acid gases may be generated, such as HCl and SO2, 
due to the mentioned presence of chloride and the presence of sulfur. 
Besides, many other toxic compounds may also arise, as mentioned in 
the thorough literature review conducted by Aracil Saez on the com-
bustion of organic material [8]. The formation of these compounds de-
pends not only on the material, but also on other factors, such as, for 
example, the concentration of oxygen present and the temperatures 
reached. 

However, organic material is the main constituent of the PR, with 
77.2% based on elemental analysis, therefore its thermal and oxidative 
decomposition is the main source of gas emissions derived from PR 
combustion in the tested panels, with CO being the most important 
compound in terms of emissions produced in fires. On the other hand, 
plaster only loses water at low temperatures, close to 100 ◦C (9% based 
on the thermogravimetric analysis), becoming anhydrous calcium sul-
fate, hence considered to be non-flammable. Its presence as an envelope 
for PR in the panels serves as a physical barrier that may delay pellet 
combustion and prevent the emission of combustion gases, as compared 
to other polymeric materials exposed to fire that may be present in a 
room having no sort of physical protection. In the elemental analysis, the 
use of flame retardants has been highlighted in polymer formulation, 
since the presence of bromine and antimony have been detected, both of 
which increase the duration of the latent fire phase, prior to the flash-
point [34,35]. 

Based on the composition of the compounds, the quantity of CO2 and 
CO generated by the combustion of 1 kg of PR was calculated, taking the 
following information into consideration:  

- Based on the thermogravimetric analysis, 0.84 kg of PR are burned,
with the rest of the mass becoming ash.

- It is considered that the pellet contains two types of polymers, vinyl
polychloride (PVC) and polyethylene (PE), since these are the most
abundant in this type of waste [36].

- The quantity of PVC in the PR is calculated, assigning all of the
chloride present in the PR to the PVC, 3.35% according to the
elemental analysis. The following general formula is considered for
PVC: (CH2–CHCl)n-, that is, (C2H3Cl)n. It is considered that the rest
of the combustible material in the PR would be made up of PE, whose
general formula is: (CH2–CH2)n-, that is, (C2H4)n.

- Upon determining the quantity of each of the polymers, the quantity
of CO2 emitted in the completed PR combustion is calculated. If the
combustion was incomplete, carbon monoxide (CO) may be gener-
ated, but since both dioxide and monoxide contain a carbon atom,
the number of moles of both of these would be identical.

Based on this working hypothesis, results suggest that in the com-
plete combustion of 1 kg of PR pellet, a total of 2.53 kg CO2 (8,3 ∙
10− 2 kg CO2 of PVC + 2,45 kg CO2 of PE) are emitted. If the combustion 
was incomplete, a total of 1.61 kg CO (5,28∙ 10− 2 kg CO of PVC + 1,56 

kg CO of PE) would be emitted. 
Having obtained the possible CO2 and CO for each kg of PR, it is 

important to be able to compare it with the quantity that is estimated as 
being hazardous for the health of the individuals. For this, a calculation 
was carried out of the combustion gases generated in a 4 m × 3 m x 2.6 m 
room in which the partitions are made of standard panels of the studied 
compounds (2000 × 1200 x 12,5 mm3). Results are shown in Table 5. 

The main effect of CO2 is suffocation caused by oxygen displacement, 
but this takes place in very high concentrations exceeding 30,000 ppm 
[37]. In the results obtained, considering a complete combustion of the 
panels of a room of the proposed type, it may be observed that the 
concentration of CO2 generated by the PR compounds would not exceed 
this quantity. Therefore, a priori, the panels studied do not act as a risk 
to the health of individuals exposed to a fire in a property that chooses to 
use this type of panels in its construction. 

In terms of CO, the values obtained are high and exceed the 
maximum limits considered dangerous to health, considering that with 
6400 ppm loss of consciousness and risk of death can occur within 
10–15 min [38]. However, in this case of incomplete combustion of the 
panel considered in the type of room proposed, it must be taken into 
account that organic material, both synthetic (for example, polymeric 
materials) and natural (for example, wood), would lead to high con-
centrations of carbon monoxide in a fire, which exceed the limits 
dangerous to health, as in any uncontrolled fire in which CO is produced 
as a by-product. The CO values that have been calculated are extreme 
since it is considered that CO2 has not been formed. Other factors to take 
into account are those referred to in the Firefighters Manuals studied by 
firefighters during their training, in which it is stated that, in recent 
years, the massive incorporation of synthetic materials in the manu-
facture of furniture and household items has had a greater impact on the 
development of interior fires, since their calorific value far exceeds that 
of traditional fuels with faster development curves. To this must be 
added the increase in furniture found in today’s homes, a larger surface 
area and a higher degree of thermal insulation [39]. Therefore, all these 
synthetic materials found within a room can emit CO during a fire, 
potentially earlier than the composite panels under study, whose emis-
sions can be delayed thanks to the physical barrier produced by gypsum. 

4. Conclusions

In this study has been verified that, in a real fire, there is no clear
tendency between the evolution of temperatures with time and the 
quantity of plastic cable waste added. Similar results were observed 
between the reference and the compound containing 70% PR and be-
tween that of 50% PR and that of 60% PR. The difference observed in the 
behavior of the specimens has been in relation to the surroundings, 
reaching a higher temperature (up to 600 ◦C) and a slower cooling if 
they are located in places with greater heat containment, than in places 
with less containment (up to 400 ◦C) in which the cooling begins earlier 
and remains uniform after 10 min of the onset of fire. In all of the 
compounds, the maximum temperatures are reached at 5–10 min of the 
onset of the fire. 

It has also been observed that the plaster’s non-flammability con-
tributes to the improved behavior of plastic waste in the face of a fire, 
offering a physical mechanism of action that facilitates user evacuation. 

Fig. 10. Interior appearance of the panels at the end of the real fire test. Left– reference panel. Right– panel with waste.  
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Its presence serves as an envelope for plastic cable waste in the panels, 
acting as a physical barrier that delays the combustion of the pellets and 
hinders the emission of the combustion gases, as compared to other 
polymeric materials exposed to fire that may be present in a room and 
having no physical protection. 

Regarding the combustion gases emitted during a fire in a room, the 
theoretical calculus has been centered in the concentrations of carbon 
dioxide (CO2) and carbon monoxide (CO) that would be generated, 
considering the plastic cable waste composed of PVC and PE. In the 
hypothesis made, it has been obtained that the amount of CO2 generated 
after a fire would not pose a risk to people’s health, since it does not 
exceed the maximum limits established in the regulations. On the other 
hand, the values obtained for the generation of CO in the hypothesis 
exceed the maximums considered dangerous to health. However, the 
plastic cable waste, as it is seen in the chemical analysis, also contains 
other additives and compounds that can potentially produce dangerous 
contaminants in the combustion, and an empirical study should be 
conducted in order to monitor and analyses the composition of com-
bustion gases. 

With the manufacturing of the compounds in this study, the quantity 
of plastic cable waste in landfills is reduced as well as the incineration to 
which this waste is subjected as a means of elimination after obtaining 
the metal from the central thread, avoiding the risk of atmospheric 
contaminant discharge and contributing to our planet’s sustainability. 
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Doctoral, Universidad Politécnica de Madrid (España), 2019, https://doi.org/ 
10.20868/UPM.thesis.57437. 
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