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Abstract. A large quantity of glycerine pitch (GP) generated from the oleo-chemical industry 

has led to significant environmental issues when it is disposed of without proper treatment. This 

study investigated the possibility of utilizing glycerine pitch as an alternative binder in the 

production of roofing tile, namely GP-RT. The percentage of GP incorporated by weight of tile 

ranges from 3 – 9 %. A transverse strength test was performed on the tiles in dry and wet 

conditions to investigate their durability in harsh conditions. A water absorption test was 

performed to determine the water uptake of the tiles produced. The specimen with the greatest 

flexural strength was achieved when 7% of GP was utilized. The mechanical properties of the 

tile can be enhanced when GP was mixed with a similar amount of used cooking oil (UCO), 

which achieved the greatest strength (4389 N and 9.48 MPa) when 5% of GP and 5% of UCO 

were used for the tile’s production. The water resistivity of the tiles can be enhanced by the 

coating process. The lowest percentage of water absorption (2.82%) and the greatest wet 

transverse strength (2746 N) were achieved when the tile was coated with a layer of UCO via 

the immersion method. Conclusively, the full replacement of cement with GP as an alternative 

binder is possible. The incorporation of multiple waste materials (GP, UCO, and fly ash) in tile 

production is a feasible attempt to reduce the disposal of these waste materials to landfills, thus 

preserves a greener environment for future generations. 

Keywords: Glycerine Pitch; Fly Ash; Roofing Tile; Used Cooking Oil. 

1.  Introduction 

Along with the rapid economic growth, urbanization, and industrial development, the emission level of 

Greenhouse Gases, especially carbon dioxide has reached a new height [1]. As reported by the United 

States Environmental Protection Agency in 2020, carbon dioxide solely contributed to 65% of total 

global emissions [2], while the construction sector accounts for 23% of the total carbon emissions 

released from global economic activities [3]. This is mainly caused by the production of conventional 

building materials involving cement, clay, or ceramic products which possess high embodied carbon 

and embodied energy [4]. The high carbon footprints and energy consumption of conventional building 

materials have increased the global awareness toward sustainable development. Waste management is 

another environmental challenge to be addressed. The uncontrolled population growth and improvement 

in living standards have been known as the major factors responsible for accelerating the waste 

mailto:ngca@utar.edu.my
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generation process [5]. The research studies conducted in Malaysia discovered that the rate of disposal 

of municipal solid waste was increased from 0.5 kg/person/day to 1.7 kg/person/day since a few decades 

ago and has been estimated to reach 36,165 tons/day by 2020 [6]. It could be worst as only 5% of them 

are being recycled, as the increasingly scarce of landfills brings a heavier load to the local government.  

Recently, the demand for refined glycerine (glycerol) has grown drastically due to its widespread 

application in end-use industries, including food and beverages, health care, pharmaceutical, and so on 

[7]. The process of glycerine refining uses crude glycerine as a feedstock. Through a separation process, 

refined glycerine of different grades and glycerine pitch are produced. Crude glycerine is not to be 

confused with glycerine pitch (a viscous liquid or semi-solid). Literature sources often call crude 

glycerine as glycerine pitch, due to the term ‘pitch’ which can refer to anything that is dark-colored and 

viscous. Glycerine pitch contains a significant number of impurities such as non-glycerine organic 

matter (MONG), organic salt/soap, and inorganic salt [8]. In Malaysia, the regular way to discard 

glycerine pitch is via incineration process or hermetically sealed before being landfilled [9]. Without 

proper treatment before the disposal processes, the leachate of glycerine pitch may lead to a series of 

environmental damages, including soil, air, and water contaminations.  

Glycerine pitch is a negative-cost by-product. It would be beneficial in terms of economic and 

environmental perspective if its valuable components can be retrieved and reused. Currently, limited 

research has been conducted to investigate the possible application of glycerine pitch in the construction 

sector. It is a good attempt to incorporate glycerine pitch in the fabrication of building materials, to 

investigate its possibility as an alternative binder, and to study the performance of the GP-made roofing 

tile produced. Additionally, the binding effects of binary waste-binder (mixture of GP and a specific 

proportion of UCO) and the coating efficiency of UCO on the mechanical strength and the water 

absorbability of the samples produced were also studied.  

2.  Materials and Methods 

2.1.  Materials 

The raw materials incorporated in the manufacturing of roofing tile specimen include the following: 

Glycerine pitch (GP), a dark brown pasty component with a specific gravity of 1.43 and a viscosity of 

1221.6 cP; used cooking oil (UCO) with a specific gravity of 0.92 and a viscosity of 168.6 cP; fly ash 

with an average fineness of 6.333 µm and a specific gravity of 0.26; and fine sand with a maximum 

particle size of 4.0 mm and a specific gravity of 2.65. 

In this study, GP was obtained from a glycerol distillation plant of an oleochemical industry located 

in Pulau Indah, Selangor. It composed of ~70% of glycerol, ~4% of free fatty acids, ~5% of inorganic 

salts, and ~3% of moisture. UCO was collected from households, and the collected UCO was mixed 

thoroughly to ensure homogeneity. The fly ash was collected from a thermal power plant located in 

Sitiawan, Perak. According to ASTM C 618, it is categorized as class F ash as it composed of more than 

70% of pozzolanic compounds (58.73% of silicon dioxide; 27.64% of aluminium oxide; and 5.06% of 

ferrous oxide).  

2.2.  Manufacturing Process of Roofing Tile’s Prototypes 

GP was utilized as the sole binder at the beginning of the research study. UCO can be incorporated as a 

supporting material to increase the binding efficiency and decrease the water affinity of the samples. In 

addition, fly ash and fine sand were utilized as filler and aggregate respectively to decrease the porosity 

and enhance the mechanical strength of the samples.  

The fabrication of roofing tiles specimen involved four main stages, including mixing, compacting 

heat curing, and coating process. In the mixing process, fine sand and fly ash at a ratio of 70:30 were 

mixed thoroughly in a dry condition. The binder (3 – 9 % of GP or 6 – 10 % of binary waste-binder) 

was then divided into three portions and added proportionally for every 5 minutes of mixing. The 

mixture was blended for a total of 30 minutes or until it was thoroughly mixed. By using an automotive 

Marshall compactor, the mixture was being compacted into a cylindrical shape with 100 mm in radius 
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and 20 mm in thickness. The compacted sample was then being heat cured in a ventilated oven at 190 
oC. After 4 hours of curing, the sample was removed from the oven, and proceeded to the coating 

process. The coated samples were then heat cured for another 20 hours. After a total of 24 hours, the 

cured samples were cooled down and stored under ambient conditions until further testing. 

2.3.  Experimental Tests and Procedures 

Transverse strength and water absorption tests were carried out to investigate the mechanical properties 

of the samples produced. The testing procedures and mathematical calculations for the mechanical tests 

were conducted in accordance with the ASTM C 67-07a, C 1167-03, and C 1492-03 [10–12]. In the 

transverse strength test, all the samples were being tested under two conditions, which are dry (oven-

dried for 24 hours) and wet (water immersion for 24 hours) conditions. The minimum dry and wet 

transverse strengths for a high-profile roofing tile are 1779 and 1334 N, respectively.  For the water 

absorption test, the maximum percentage of water absorption for a standard roofing tile must be lower 

than 6%, whilst being impermeable to distilled water.  

3.  Results and Discussion 

3.1.  Effects of glycerine pitch in the production of glycerine pitch-made roofing tiles (GP-RT) 

In this process, a series of triplicate GP-RT samples were produced by using different percentages of 

glycerine pitch, ranging from 3 – 9% with 2% intervals. From the experimental study, a binder 

percentage as low as 3% is sufficient to hold the fly ash and fine sand together to form a rigid product 

but with relatively low strength. The mechanical properties achieved by these samples are shown in 

Table 1. Nevertheless, the strength of the samples was found to increase with the increase of binder 

percentage. It reached the greatest strength of 2149 N when 7% of glycerine pitch was incorporated, 

which achieved the minimum requirements of dry transverse strength as per ASTM C 1167. The 

increasing trend indicates that the additional binder added contributes more binding components to the 

strength development of roofing tiles. However, excessive addition of GP beyond 7% adversely affected 

the mechanical strength of the roofing tiles. This can be explained as more heat energy is required to 

fully rigidify the samples to complete the binding mechanism [13]. Hence, it indicates that 24 hours of 

curing duration is insufficient for the curing process of GP-RT incorporated with more than 7% of the 

binder.  

However, the hydrophilicity of GP has weakened the water resistivity of GP-RT samples. It was 

found that the rigidified GP would dissolve and diffuse slowly when being immersed in water. This is 

attributed to the presence of large composition of glycerol in the glycerine pitch, which consists of three 

hydroxyl groups that form hydrogen bonds with water molecules readily. This phenomenon has 

significantly affected the binding matrix and drastically decreased the mechanical strength of the sample. 

As a result, the GP-RT samples have lost more than 90% of their original strength after the water 

absorption test. No samples had achieved the minimum requirements of the water absorption as well as 

the wet transverse strength according to ASTM C 1167 and C 1492, respectively.  

This study indicated the potential of GP as an alternative binder in the production of building 

material. However, the problem that arises from the hydrophilicity of GP needs to be addressed. Hence, 

an alternative solution had been proposed to overcome this problem, whereby used cooking oil (UCO), 

which is hydrophobic in nature, was introduced as an additional waste-binder in the manufacturing 

process. It is anticipated that the hydrophobicity of UCO is able to counter the hydrophilicity of GP. In 

this case, UCO that distributed evenly in the samples helps to block fly ash and GP from absorbing more 

water into the roofing tile. As a result, it enables the roofing tiles to achieve the requirements of a proper 

roofing tile according to international standards. 
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Table 1. Properties of GP-RT produced from different percentage of glycerine pitch. 

3.2.  Effects of incorporation of used cooking oil in the production of GP-RT 

In this section, the composition of GP is fixed at 3.5%, while the composition of UCO used is ranging 

from 2.5 to 5.5%, with 1% intervals. The presence of UCO significantly decreases the viscosity of 

glycerine pitch and enhances the mixability of the binary waste-binder with other ingredients, thus 

further enhances the homogeneity of the raw mixture. The results obtained are tabulated in Table 2. 

Compared to the results shown in Table 1, significant enhancement in the wet transverse strength was 

obtained by this set of samples which contained both GP and UCO in them. When 3.5% of UCO and 

3.5% of GP were incorporated, the highest mechanical strength was achieved, which is 2191 N for dry 

transverse strength and 1053 N for wet transverse strength respectively. The resulted strength obtained 

has achieved the minimum requirements of strength according to ASTM C 1167. Whilst the percentage 

of water absorption achieved by G3.5O3.5 is 5.36%, which fulfils the requirement of ≤6% as per ASTM 

C 1492.  

It was also found that the water uptake of the samples decreases with the increasing amount of UCO 

incorporated into the mixture. The lowest percentage of water absorption (3.38%) was determined when 

5.5% UCO was incorporated in the manufacturing process. These results indicate that presence of 

hydrophobic UCO has significantly reduced the water affinity of the samples produced. A greater 

amount of the UCO component effectively retarded the rate of water penetrating the samples, 

consequently resulted in a lower percentage of water uptake. However, GP-RT samples have lost 46 – 

59% of their original strength after the water immersion test. This indicates that the presence of water 

molecules in the sample’s body brought a serious impact on the binding mechanism of the roofing tiles. 

The rigidified GP will be miscible in water and hence break the binding system of the sample. In 

addition, the strength lost in the immersion process will be affected by the percentage of water 

absorption. A lower percentage of water uptake led to lesser strength lost. The results in Table 2 prove 

the function of UCO in the strength development and the improvement in water resistivity of the 

samples.  

 

Table 2. Properties of GP-RT incorporated with different composition of used cooking oil. 

Name Percentage 

of glycerine 

pitch (%) 

Percentage of 

waste cooking 

oil (%) 

Transverse Strength (N) Flexural 

Strength 

(MPa) 

Water 

Absorption 

(%) 

Dry Wet (strength lost) 

G3.5O2.5 3.5 2.5 1080 ± 116 440 ± 29 (59%) 2.45 ± 0.25 9.92 ± 1.0 

G3.5O3.5 3.5 3.5 2191 ± 125 1053 ± 116 (52%) 4.47 ± 0.27 5.36 ± 0.8 

G3.5O4.5 3.5 4.5 1471 ± 141 747 ± 84 (49%) 2.47 ± 0.30 4.22 ± 1.0 

G3.5O5.5 3.5 5.5 1336 ± 120 720 ± 63 (46%) 3.14 ± 0.26 3.88 ± 1.0 

3.3.  Effects of coating method on the mechanical properties of GP-RT 

Even though G3.5O3.5 fulfilled the minimum requirements of an ASTM standardized roofing tile, it 

was believed that the mechanical properties of the sample can be further improved via the used cooking 

oil (UCO) coating process. The strength and percentage of water absorption achieved by the samples 

Name Percentage of 

glycerine pitch (%) 

Transverse Strength (N) Flexural Strength 

(MPa) 

Water 

Absorption (%) Dry Wet 

GP3 3 407 ± 59 24 ± 4 0.92 ± 0.13 15.62 ± 0.3 

GP5 5 1030 ± 76 27 ± 8 2.34 ± 0.17 14.44 ± 0.3 

GP7 7 2149 ± 263 184 ± 16 4.87 ± 0.60 14.26 ± 0.3 

GP9 9 1633 ± 70 151 ± 49 3.70 ± 0.5 13.99  0.2 



4th International Symposium on Green and Sustainable Technology (ISGST 2021)
IOP Conf. Series: Earth and Environmental Science 945 (2021) 012002

IOP Publishing
doi:10.1088/1755-1315/945/1/012002

5

 

 

 

 

 

 

produced from different coating methods are shown in Table 3. The percentages of GP and UCO used 

in the manufacturing process were in equal amount with the range of 3 – 5%. From the obtained results, 

it was found that the coating process showed excellent enhancement on the mechanical properties of the 

samples. The water absorbability and wet transverse strength of the samples were significantly improved 

after being coated with a UCO layer. This is due to the uniform distribution of the UCO as a protective 

layer which exerts a hydrophobic effect on the samples’ surface. Thus, it prevents the direct exposure 

of the rigidified GP towards the water molecules and reduces the penetration of water into the samples. 

Besides, with the excellent binding effect of the UCO, it is able to rigidify and contribute to strength 

development upon thermal treatment [13,14]. When it was applied on the surface of the samples and 

heat cured under elevated temperature, UCO polymerized with GP through poly-esterification reaction 

[13] and glycerolysis [15,16] to form a rigid binder. This process leads to strength development at the 

outer layer of the sample, and consequently enhances its mechanical strength [17]. With increasing 

percentage of binder, the strength achieved by the sample increased gradually, whilst the water 

absorption decreased steadily. The greatest dry and wet transverse strengths were achieved by a sample 

produced with 5.0 % each of GP and UCO and coated via the immersion method, which are 4389 ± 193 

N and 2746 ± 113 N, respectively. Besides, the sample attained the lowest water uptake of 2.82% and 

the lowest strength loss of 37% at the end of the test.  

In accordance with ASTM requirements, most of the coated samples can be classified as high-profile 

roofing tiles. By comparing the samples produced from different coating methods, it was found that the 

overall performance of the coated samples produced via the immersion method is much better than those 

produced from the spraying method. The former possessed higher dry and wet transverse strength, lower 

water affinity, and lesser strength lost. The average strength loss suffered by the samples produced via 

the immersed method and the spraying methods are between 34 – 42% and 45 – 48%, respectively. This 

indicates that the immersion method showed a greater protective effect than the spraying method, and it 

is more effective in reducing the penetration of water into the sample. 

 

Table 3. Properties of GP-RT produced from different percentages of binder and coating methods.  

Coating 

Method 

Percentage of Binder  Transverse Strength (N) Flexural Strength 

(MPa) 

Water Absorption 

(%) Dry Wet (strength lost) 

Spraying 3.0%GP + 3.0%UCO 2228 ± 333 1151 ± 94 (48%) 4.81 ± 0.72 4.12 ± 1.30 

3.5%GP + 3.5%UCO 2430 ± 158 1298 ± 58 (46%) 5.25 ± 0.34 3.82 ± 1.41 

4.0%GP + 4.0%UCO 2526 ± 412 1336 ± 47 (47%) 5.46 ± 0.89 3.64 ± 1.18 

4.5%GP + 4.5%UCO 2815 ± 178 1509 ± 71 (46%) 6.08 ± 0.38 3.38 ± 0.85 

5.0%GP + 5.0%UCO 3114 ± 163 1695 ± 82 (45%)  6.73 ± 0.35 3.11 ± 1.05 

Immersed 3.0%GP + 3.0%UCO 3198 ± 100 1978 ± 122 (38%) 6.91 ± 0.22 3.80 ± 1.15 

3.5%GP + 3.5%UCO 3580 ± 131 2244 ± 89 (37%) 7.74 ± 0.28 3.52 ± 1.21 

4.0%GP + 4.0%UCO 4021 ± 273 2313 ± 156 (42%) 8.69 ± 0.59 3.33 ± 1.03 

4.5%GP + 4.5%UCO 4292 ± 163 2656 ± 85 (38%) 9.27 ± 0.35 3.21 ± 1.10 

5.0%GP + 5.0%UCO 4389 ± 193 2746 ± 113 (37%) 9.48 ± 0.42 2.82 ± 0.81 

3.4.  Effects of coating temperature on the coating efficiency of GP-RT 

In the manufacturing process, it was found that the surface temperature of the sample is an important 

factor to be considered when applying the coating layer. This section was to investigate the optimum 

temperature to carry out the coating process, with the purpose to enhance the efficiency of the coating 

process. Prior to the coating process, the surface temperature of the sample was measured. The 

temperatures which had been set for this optimization process are 105 °C, 95 °C, 85°C, 75°C, and 65°C. 

The results obtained are shown in Table 4. The average time taken for the surface temperature to drop 

from 105 to 65 oC is shown in Figure 1. Based on the results obtained in the previous section, the 
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percentage of waste binder used for this study contained 5% of GP and 5% of UCO. This amount of 

binary waste-binder has shown to maximize the dry and wet transverse strength that can be achieved by 

the sample (Table 3). All the results obtained at the set temperatures fulfilled the minimum requirements 

of the high-profile roofing tile as per ASTM standard. When the coating was applied at the tile surface 

temperature of 105 °C, the tile achieved the highest dry and wet transverse strength of 4549 ± 194 N 

and 2004 ± 111 N respectively. This could be due to that the pores of the materials were better filled up 

by the binary waste-binder at this temperature.  

The results in Table 4 show that the transverse strength of the tile samples decreases with the decrease 

in surface temperature. At a relatively higher temperature, the pores of the tiles are expanded bigger to 

allow the UCO to fill them up. However, when the temperature decreases, the particles as well as the 

pores created shrink in size. Hence, the waste binder is not able to fully fill up the pores of the tile. This 

is further proven by the fact that the tile which was coated at the surface temperature of 105 °C had the 

lowest water uptake, which indicates that UCO has filled up the pores in the tile and thus reduces the 

penetration of water into it. 

Figure 1. Time taken for the temperature of GP-RT to drop from 105 oC to 65 oC. 

 

Table 4. Properties of coated GP-RT produced under different coating temperature. 

4.Conclusion 

The research findings of this study paved an alternative option towards the production of building 

materials. The utilization of glycerine pitch as an alternative binder is possible as it can produce a roofing 

tile (GP-RT) with significant flexural strength. The weak water resistivity and low wet transverse 

strength of GP-RT can be overcome by reacting glycerine pitch with equal amount of used cooking oil. 

The hydrophobicity of used cooking oil and its chemical interaction with glycerine pitch result in 

significant improvement to the water resistivity and mechanical strength of GP-RT samples. The 

mechanical properties of GP-RT can be further enhanced by further treating it with a UCO coating 

process, either via a spraying or an immersion approach. The coated surface serves as a protective layer 

to retard the water molecules from penetrating the body of roofing tiles. Besides, the surface temperature 

of the of GP-RT during the coating process is an important factor as it can affect the enhancing effects 

of the UCO coating. Overall, the incorporation of GP, UCO, and fly ash in the production of roofing 

tiles is feasible. It could be meaningful and beneficial in converting these waste materials for valuable 

usage, whilst reducing the volume of waste disposal to the landfill. 

Coating Temperature (°C) Transverse Strength (N) Flexural Strength (MPa) Water Absorption (%) 

Dry Wet 

105 4549 ± 249 2004 ± 156 9.83 ± 0.54 3.35 ± 1.30 

95 4402 ± 87 1651 ± 70 9.51 ± 0.19 3.87 ± 0.62 

85 4127 ± 143 1630 ± 115 8.92 ± 0.31 5.95 ± 1.26 

75 4032 ± 206 1403 ± 92 8.71 ± 0.46 4.61 ± 1.01 

65 3775 ± 101 1382 ± 86 8.16 ± 0.22 5.75 ± 0.97 
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