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Abstract. Thermal insulation in buildings has gained significant attention 

recently due to the clear benefits of selecting appropriate insulation 

materials for energy conservation. This study presents experimental 

research conducted to evaluate the thermal properties of mortar based 

natural Moroccan pozzolan and fly ash, both of which serve as alternatives 

to cement powder. Unlike cement, which requires energy-intensive 

extraction, natural pozzolan is an abundant volcanic material, and fly ash is 

a powdery residu generated as a byproduct during the combustion of coal 

in thermal power plants. The aim of this research is to explore the potential 

of these materials for thermal insulation and to address the environmental 

concern of plastic waste management through recycling. Twenty different 

mortar mixes were synthesized and evaluated, with a constant 10% of fly 

ash and varying percentages (10%, 20%, 30%, 40%) of natural pozzolan 

replacing cement. Additionally, 1% of plastic fibers based on the mortar 

volume were included. Thermal conductivity and heat capacity of the cured 

mortar mixtures were measured after 7 and 14 days using a TPS1500 hot 

disc Analyzer, which is currently the most precise and useful method for 

studying thermal transport parameters. To ensure consistent conditions, all 

samples were preconditioned to eliminate moisture before testing. The test 

results indicated the potential of using plastic fibers, fly ash, and natural 

pozzolan as effective thermal insulation materials. These materials 

demonstrated reduced thermal conductivity and increased specific heat 

capacity, making them desirable for building applications. From an 

economic and environmental standpoint, incorporating them as cement 

substitutes for sustainable cement production in thermal insulation is the 

most favorable approach. 

Index Terms— Fly ash, Hot disk Analyser, Natural pozzolan, Thermal capacity, Thermal 

conductivity, TPS1500, Sustainable environment, Natural resources management.  

1 Introduction  

The cement sector represents currently a significant energy and high-pollution activity[1]. 

In addition to being a significant CO2 emitter [2], it is crucial for national development. 

Given the adverse effects of these emissions on global warming, numerous studies are 

underway to identify solutions and promote sustainability within the cement sector. 

One promising approach to mitigate CO2 emissions involves maintaining the same 

performance qualities of Portland cement while employing alternative raw materials for 

cements. Essentially, clay and limestone are used as the primary raw materials in the 

production of clinker. However, extensive research has shown that various waste materias, 

such as paper pulp wastes [3], ceramic wastes [4], weathered basalt [5], blast furnace [6] 
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and fly ash [7], may be used in the cement industry. These findings highlight the potential 

for employing these alternative materials as substitutes, reducing the environmental impact 

of cement production. 

The topic of thermal insulation in buildings has gained significant traction due to its 

potential for reducing energy consumption[8]. A highly effective strategy to achieve this is 

through the exploration of new construction materials with enhanced insulation properties. 

The primary objective of this study is to draw attention to the global environmental 

issues surrounding the cement industry and construction. Our objective is to develop 

environmentally friendly and energy-efficient materials by reducing the reliance on cement. 

This is accomplished by partially replacing cement with natural Moroccan pozzolan and fly 

ash, while also incorporating fibers to minimize environmental pollutants.. 

Natural pozzolan, which is utilized as a supplementary cementing material and 

possesses pozzolanic capabilities [9], can provide significant ecological and economic 

benefits [10]–[12].  

After burning coal or other fossil fuels, power plants release fly ash, a powdery 

substance [13], [14]. Due to its strong pozzolanic activity, fly ash is a highly well-liked 

component in the building sector [15]–[18]. 

In the field of civil engineering, plastic waste has been employed extensively[19]–[22]. 

Among the popular ways to enhance the properties of composite materials made of cement 

is by using fibers as a reinforcement [22]. 

The importance of this research lies in several key aspects: it addresses the global 

environmental challenges posed by the cement industry and construction sector, which are 

significant contributors to energy consumption and greenhouse gas emissions. By exploring 

alternative materials and approaches, the research aims to reduce the environmental impact 

of these industries. 

2 Materials and Methods 

2.1 Materials 

Composite Cement CPJ 35 is the type of cement used in this investigation. While 

natural pozzolan (PZ) was extracted from the Middle Moroccan Atlas and fly ash (FA) was 

sourced from Jorf Lasfar Energy Company, a power plant in Morocco. The physical and 

chemical composition of both raw materials is shown in Table 1. 

To manufacture mortars, both materials were steamed for 24 hours at 105°C and milled 

to a thickness of 80 μm. Drinking water and sea sand were included. Plastic fibers were 

inserted as reinforcement. 

Table 1. Chemical and physical properties of raw materials. 

 SiO2 Al2O3 Fe2O3 CaO MgO TiO2 Na2O P2O5 K2O MnO LOI 

PZ 42.54 16.60 10.57 10.29 8.060 2.396 2.006 1.416 0.92 0.167 4.240 

FA 52.33 23.16 7.098 2.625 1.22 0.818 0.824 0.312 1.127 0.06 9.238 

 Specific density (g/cm3) Bulk density (g/cm3) 

PZ 2.22 1.03 

FA 2.67 1.32 

Cement 2.5 0.97 

Sand 2.7 1.22 
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2.2 Preparation and sample conditioning 

20 mixtures were synthetized to prepare prismatic samples of (40x80x120 mm) containing 

a constant percentages of 10%  of fly ash and natural pozzolan added at different weight 

percentages (10%-20%-30%-40%) as a partial substitution for cement .according to the 

volume of mortar, 1% of plastic was added. In all mixtures a constant water to binder ratio 

of 0.6 was used.  A day after casting, the prismatic specimens were left in ambient air until 

the test age. 

2.3 Methods 

(40x80x120 mm) samples were tested for thermal conductivity determined after 7 and 14 

days with a TPS 1500 hot disc analyser .The Transient Plane Source (TPS) method is 

recently the most accurate and practical technique to study thermal transport properties. In 

accordance to ISO 22007-2, this technique offers data on the material under study's thermal 

conductivity as well as its specific heat per unit volume. 

The Kapton sensor, which serves as both a heat source and a temperature sensor to 

measure temperature changes over time, is sandwiched between two samples of 40x80x120 

mm. Fig 3 describes the methodology followed on this study. 

 
Fig 1. TPS 1500 Hot disc Analyser 

Fig 2. Methodology of the experimental study 

3 Results  

To eliminate any moisture content, the samples were subjected to a drying technique in an 

oven at 105°C for 24h [20]. 
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3.1 Thermal conductivity W/mk 

 

Fig 3. Thermal conductivity of various mixtures with 0%PF 

 

Fig 4. Thermal conductivity of various mixtures with 1%PF 

The graph in Fig 2 and Fig 3 illustrates the changes in thermal conductivity of the mortars 

at different ages. It is evident that at 7 and 14 days, the thermal conductivity decreases in 

relation to the rate of cement replacement. 

Increasing the partial substitution of cement with PZ from 0% to 40% led to a reduction 

of thermal conductivity in eco-friendly mortars. Specifically, the thermal conductivity 

decreased from 0.62 W/mK to 0.55 W/mK after 14 days without the addition of fly ash. 

When fly ash was added, the thermal conductivity decreased from 0.60 W/mK to 0.55 

W/mK. Additionally, the incorporation of plastic fibers also contributes to a decrease in 

thermal conductivity. 

3.2 Heat capacity J/kgK 
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Fig 5. Specific heat capacity of various mixtures with 0%PF 

 

Fig 6. Specific heat capacity of various mixtures with 1%PF 

According to Fig 5 and 6, in most mixtures, the thermal capacity of mortars based on 

natural pozzolan exceeds that of the reference mortar. At 14 days, the thermal capacity 

increases in accordance with the rate of additions. By incorporating pozzolan, there was a 

notable increase in thermal capacity, rising from 0.83 to 1.24 J/KgK. However, the 

inclusion of fly ash slightly reduces the heat storage of the mortars. Nonetheless, the 

inclusion of plastic fibers restores and enhances the thermal capacity. 

4 Discussion 

4.1 Thermal conductivity  
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The Fig 3 and 4 clearly demonstrates the decrease in thermal conductivity as natural 

pozzolan (PZ) is added. The inclusion of fly ash further contributes to the reduction in 

thermal conductivity. This can be ascribed to the inherently low thermal conductivity of 

natural pozzolan (0.075 W/mK) compared to cement mortar (1.4 W/mK)[23] [24]. Sisman 

[25], support the finding that thermal conductivity decreases with increasing natural 

pozzolan content. 

The addition of plastic fiber has a significant effect on the thermal conductivity of 

mortars. This reduction can be ascribed to the poor heat conductivity of plastic (0.15 

W/mK)[26].  

In line with existing literature[27], [28], it is observed that for a 10% replacement of fly 

ash (FA), there is a 10% reduction in thermal conductivity compared to the control mortar 

when using 40% natural pozzolan and 1% plastic fibers. It is important to note that lower 

thermal conductivity corresponds to higher thermal resistance in materials. 

4.2 Heat capacity  

In the majority of mixtures, mortars based on natural pozzolan exhibit higher thermal 

capacity compared to the reference mortar. This indicates an improvement in the heat 

storage capacity when cement is mixed with pozzolan, as demonstrated in the study 

conducted by Yasemin [29]. However, the addition of fly ash and plastic fibers only results 

in marginal enhancements to the thermal capacity. 

It is important to note that a higher thermal capacity in a material indicates a greater 

ability to store heat energy. 

5 Conclusion  

The thermal properties of mortars can be assessed through the application of the 

transient plane method, enabling the determination of thermal conductivity and specific 

heat capacity values. In this study, the focus is on evaluating the effectiveness of composite 

mortars that incorporate locally sourced natural pozzolan, fly ash, and plastic fibers. The 

investigation aims to shed light on the impact of these materials on the thermal 

characteristics of the mortars. 

The findings of the study lead to a compelling conclusion: the utilization of natural 

pozzolan, fly ash, and plastic fibers as substitutes for cement in the production of eco-

friendly and insulating materials proves to be an optimal solution from both economic and 

environmental perspectives. Notably, these materials are abundantly available, ensuring 

their accessibility and viability for widespread use. By employing these substitutes, the 

study highlights the potential for reducing the environmental impact associated with cement 

production while promoting more sustainable construction practices. 

Overall, the research emphasizes the significance of utilizing natural pozzolan, fly ash, 

and plastic fibers to create composite mortars with improved thermal characteristics. This 

approach offers a promising avenue for enhancing energy efficiency, reducing carbon 

footprint, and advancing environmentally friendly building materials. 

 

Authors would like to thank the National Center for Scientific and Technical Research (CNRST) 

of Morocco for putting at their disposal the technical facilities of the UATRS Division. 

 

 

 

6

E3S Web of Conferences 412, 01075 (2023)
ICIES’11 2023

https://doi.org/10.1051/e3sconf/202341201075



 

References 

1.   C.-Y. Zhang, B. Yu, J.-M. Chen, et Y.-M. Wei, Res, Cons and Rec vol. 166, p. 105355, 

(2021). 

2.   E. Benhelal, E. Shamsaei, et M. I. Rashid, Jrnl of Env Scs, vol. 104, p. 84‑101, (2021). 

3.   L. H. Buruberri, M. P. Seabra, et J. A. Labrincha, Jrnl of Hzd Mat, vol. 286, p. 252‑260, 

(2015). 

4.   F. Puertas et al., Cem and Conc Cmp vol. 30, no 9, p. 798‑805, (2008). 

5.  M. Komljenović, Lj. Petrašinović-Stojkanović, Z. Baščarević, N. Jovanović, et A. Rosić, 

, J Therm Anal Calorim, vol. 96, no 2, p. 363‑368, (2009). 

6.  Z. Liu, K. Takasu, H. Koyamada, et H. Suyama, , Cnst and Build Mat, vol. 316, p. 

125776,  (2022). 

7.    O. Bourzik, N. Akkouri, K. Baba, Y. Haddaji and al, Env Sci Pollut Res Int, vol. 29, no 

58, p. 87668‑87679, (2022). 

8.    S. Ouhaibi et al., Jrnl of Build Eng, vol. 43, p. 102848, (2021). 

9.    A. Nikolov, I. Rostovsky, et H. Nugteren, Case Studies in Cnst Mat, vol. 6, p. 198‑205, 

(2017). 

10.    M. R. Oliveira, M. da Luz Garcia, A. C. M. Castro, & T. N. Silva, Energy Rep 6, 

800–803 (2020). 

11.    J.-C. Liu, M. U. Hossain, S. T. Ng, H. Ye, Jrnl of Build Eng, vol. 68, p. 106087, 

(2023). 

12.    M. N. Wahedy, M. K. Sharbatdar, O. Rezaifar, , Cnst and Build Mat, 386 p131574. 

(2023). 

13.    S. Montalvo, I. Cahn, R. Borja, C. Huiliñir, et L. Guerrero, Biors Tech, vol. 244, p. 

416‑422, (2017). 

14.    J. Zhang, Q. Zhang, A. J. S. (Sam) Spearing, X. Miao, S. Guo, et Q. Sun, , Inter Jrnl 

of Min Sci and Tech, vol. 27, no 1, p. 17‑27, (2017). 

15.  T. Phoo-ngernkham, V. Sata, S. Hanjitsuwan, C. Ridtirud, S. Hatanaka, et P. 

Chindaprasirt, , Cnst and Build Mat, vol. 98, p. 482‑488, (2015). 

16.    X. Y. Zhuang et al., Jrnl of Clr Prod, vol. 125, p. 253‑267, (2016). 

17.    M. Sharbaf, M. Najimi, N. Ghafoori, Cnst and Build Mat, 346 p128330. (2022). 

18.    C. Anish, R. Venkata Krishnaiah, K. Vijaya Bhaskar Raju, Mat Today: Proceedings, 

(2023). 

19.   N. Akkouri, K. Baba, S. Simou, L. ELfarissi, et A. Nounah, , E3S Web Conf., vol. 150, 

p. 02015, (2020). 

20.    N. Akkouri, O. Bourzik, K. Baba, et B. Tayeh. Mat, vol 14(9) (2021). 

21.    N. Akkouri, K. Baba, et A. Ait Elkassia,, Int. J. Pav Res. Technol., (2022). 

22.    R. Tang et al, Jrnl of Build Eng, vol. 57, p. 104948. (2022). 

23.    M. Hamadache, M. Mouli, B. Nasr-eddine, O. Chaib, A. Benosman, et D. Fodil, , Jrnl 

of Ctr Sci and Eng 2328-2231, vol. 2, p. 120‑127, (2014). 

24.    Y. Du et Y. Ge, Mat (Basel), vol. 14, no 16, p. 4525, (2021). 

25.    C. Sisman et E. Gezer , Jrnl of Food, Agri and Env, vol. 9, p. 493‑497, (2011). 

26.    S. Akçaözoğlu, K. Akçaözoğlu, C. D. Atiş, Cpst Part B: Engi 45, 721–726 (2013). 

27.    R. Demirboǧa, Eng and Builds, vol. 35, no 2, p. 189‑192, (2003). 

28.    R. Demirboğa, Build and Env, vol. 42, no 7, p. 2467‑2471,(2007). 

29.    Y. Akgün et T. Yılmaz , acperpro, vol. 2, no 3, p. 758‑767, (2019). 

30.   Barakat, Y. et al (2021) . What contributions of Artificial Intelligence in Innovation? . 

E3S Web of Conferences, 2021, 234, 00105 

 

7

E3S Web of Conferences 412, 01075 (2023)
ICIES’11 2023

https://doi.org/10.1051/e3sconf/202341201075

https://www.scopus.com/authid/detail.uri?authorId=57221983510

