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ABSTRACT 

The objective of the study effects of adhesives on physical and thermal properties of 

roofing materials from oil palm empty fruit bunch fibers for use as a building material. 

The roofing sheet material is produced. Regarding the process of producing, they use 

synthetic adhesive PMDI), (UF) and resin (PF),3,5,7,9 and 11 wt%.and 15 mm. 

thickness. The researchers prepare to form the board by cold pressing method. They 

sprinkle the fiber with adhesives and other mixture into used as steel mold size of 

300×320 mm then, they put the sheet on hot compressors set. Overall, PMDI synthetic 

adhesives had better physical properties than UF and PF synthetic adhesives, but the 

thermal properties of UF and PF synthetic adhesives were better than PMDI 

respectively. According to the study using three types of adhesives. The physical, testing 

density, moisture content, water absorption, thickness swelling and water permeability 

were measured according to JIS A 5908-2003, and TIS 535-2556. The thermal 

properties testing were used to test the thermal conductivity and thermal resistivity were 

done was according to ASTM C177-2010. Study and compare the properties of the 3 

type synthetic adhesives that were tested according to related standards and methods. 

Able to pass the specified standards. It is an environmentally friendly product. It is a 

roofing material that reduces thermal conductivity and is a heat insulator. Suitable for 

use as a substitute for asbestos roofing materials. 

Key words: Physical Properties, Thermal Properties, Roofing Materials, Building 

Material. 
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1. INTRODUCTION 

Thailand is one of the countries that has a lot of agricultural waste materials. However, such 

materials are rarely re-used and are neglected on cultivation areas which ends up being burnt. 

At present, agricultural waste materials are scattering all over the country, depending on 

agricultural product quantity of each particular area. The most agricultural wastes contain 3 

main types of organic chemical components is cellulose, hemi-cellulose, and lignin In the ratio 

of 4: 3: 2 [1]. The oil palm empty fruit bunch fibers are mainly composed of cellulose, 

hemicellulose, hollocellulose, lignin and ash [2]. Which contains lignin 19% cellulose 65% and 

ash 2% [3]. In the past, it was found out that there were a lot of waste materials more than 43 

million tons/year, such agricultural waste materials with huge quantity are oil palm empty fruit 

bunching fibers [4]. It composes of gathering fiber which can divide into single one. Some are 

used to get benefit and become approach to develop new products of industrial sectors. Oil palm 

empty fruit bunching fibers is a kind of agricultural waste material with high nutritional value, 

compared with fresh grass [5].  

However of materials have high quantity and very low value, these waste materials are 

suitable to use as low materials to produce roofing material. Development miche application 

imvolving naturally available plant fibers, agricultural residues, and biomass materials, natural 

fibers are the most abundant renewable bio-based resources of nature [6]. Advantages are with 

the use of agricultural wastes for most outstanding among these advantages include; low-cost, 

zero-carbon foot print, light-weightiness, toughness, biodegradability, non-toxicity to the 

ecosystem, thermal insulation, improved acoustic insulation and high recyclability [7,8].  From 

past research studies of properties of oil palm empty fruit bunching fibers used as a roofing 

material. Studied the investigation of the properties of roofing tiles manufactured from 

agricultural residues. The agricultural residues in this work are corncob fiber, plam fruit bunch 

fiber and water hyacinth fiber. Main properties of roofing tiles investigated in this work were 

physical, mechanical and thermal properties. Consequently Finally, it was found that the 

properties of roofing tiles constructed in this work are similar to commercial roofing tiles [9]. 

Stated that mechanical and physical properties of roof tile prepared from sugar cane fiber. Sugar 

cane, renewable fiber resources, were used for roof tile production. Urea formaldehyde, phenol 

formaldehyde and isocyanate resin were used as binders in this study [10]. Development of 

roofing sheet material using groundnut shell particles and epoxy resin as composite material. 

The results revealed that groundnut shell particles can be used as reinforcement for polymer 

matrix for the production of roofing sheets [11]. The researchers are interested in taking 

agricultural waste materials i.e. empty fruit bunching fibers to mix with adhesives. Then, the 

materials are formed into roofing materials using local materials can generate great benefits. It 

is also considered as adding value to natural waste materials. 

The researchers study how to produce roofing materials from oil palm empty fruit bunch 

fibers. Then the three types of adhesives are compared physical and thermal properties with 

same quantity. Because PF of their outstanding durability, good adhesion to wood, high 

strength, and excellent thermal stability and the greatest disadvantage of the UF resins is that 

the amino methylenic bond is hydrolysable at high temperature and humidity conditions 

[12,13]. The PMDI was likewise popular in wood panel industry used in medium density 

fiberboard (MDF) or particle boards (PB) but more confidentially, adding a thermosetting 
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pMDI, creating a network that contribute to provide high strength. [14-18]. Therefore, the 

objective of this study physical and thermal properties of roofing materials from oil palm empty 

fruit bunch fibers. 

2. MATERIALS AND METHOD 

2.1 Preparing the Fiber and Chemical 

In preparing the roofing sheet fiber, oil palm empty fruit bunch fibers received from oil Palm 

industry in Surat Thani Province, Thailand. The oil palm empty fruit bunching fibers were 

washed in water then treated by alkalization using sodium hydroxide (NaOH, provided by 

company in Thailand) for 24 hour. The treated fibers were cleaned by water, dried, cut and 

ground to fine fibers. The ground fibers were sieved to an average particle size of 5 mm Figure 

2 (g). Chemicals used in the experiment this type of chemical is the accelerator of the reaction 

rate of adhesive solidity Figure 1 (a-d). It can reduce the time period of hot compressing. The 

three types of catalyst are mixed with adhesives to accelerate the materials as soon as the 

materials get heat. Such catalysts mixing in general glue are; ammonium sulfate, ammonium 

chloride, and sizing agent which helps reducing water absorption. In addition, paraffin emulsion 

is used in the study. The researchers also use adhesive Di-isocyanate (pMDI), Urea 

formaldehyde (UF) and Phenol formaldehyde (PF) resin synthetic adhesive for the experiment 

(Figure 1).The research equipment used are as steel mold size of 300×320 mm (Figure 2).   

2.2 Experimental Procedure 

The researchers use hammer mill machine to crush oil palm empty fruit bunching fibers Figure 

2 (e and f). The materials are crushed and then become smaller Figure 2 (g). Then, they are 

sifted in order to split size by screening machine with grills. The fiber bunches that have been 

crushed. To analyze the size of oil palm empty fruit bunching fibers used in the extrusion of 

roofing sheet materials. It was found that the pieces of oil palm bunches that remained on the 40 

strains were the highest by 71.18%, with the average width of 0.72 mm., The average length was 

4.77 mm. Average thickness is 0.17 mm and the proportion is slim at 27.93 of slender as much. The 

humidity of both oil palm empty fruit bunching fibers before mixing adhesive is 3.5%, and 10–

12% after mixing. After that 1% of paraffin emulsion and 2% of catalyst are infused in the 

materials. Then, the researchers prepare to form the board by cold pressing method. They 

sprinkle the fiber with adhesives and other mixture into wooden box of 300×320 mm then, they 

put the sheet on hot compressors. It is the process of hot pressing by hydraulic compressor se 

Figure 3 (j). After hot pressing, the sheet is adjusted moisture condition at the room temperature 

for 24 hours After adjusting the sheet’s temperature, 4 edges are cut. To get standard size, each 

edge is cut off 1.5 cm by sawing machine Figure 3 (q). 

 

(a)                      (b)                     (c)                     (d) 

Figure 1 Preparing of the adhesives diphenyl methane diisocyanate (PMDI), phenol formaldehyde 

(PF) urea formaldehyde (UF) resin and ammonium chloride 
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(e)                     (f)                       (g)                     (h) 

Figure 2 Preparing of the oil palm empty fruit bunch fibers and mixing in adhesives 

 

(i)                          (j)                      (k)                         (q) 

Figure 3 Hot pressing machine the roofing material from oil palm empty fruit bunch fibers 

2.3 Method for Forming Roof Materials 

The roofing sheet material from oil palm empty fruit bunching fibers. The roofing sheet material 

were formed by hot press machine. The required condition for the entire methods were as 

follows. Both oil palm empty fruit bunch fiber of adhesives at PMDI, UF and PF. The oil palm 

empty fruit bunch fiber had to be cleaned to remove the residual oil before fiber processing. 

They were then dried to obtain 3–5% moisture content before mixed Figure 2.2 (h) together at 

100 wt% ratio. This is 3,5,7,9 and 11% PMDI, UF and PF resin, with 1% paraffin emulsion and 

2% ammonium chloride Figure 1 (d) were thoroughly combined and then sprayed onto the fiber 

mixture from first paragraph in methods. The PMDI Figure 1(c), UF Figure 1 (a) and PF Figure 

1 (b) resin based batch was prepared in the same fashion as described.  In order to make a 

roofing sheet material, the mold with the dimensions of 300 mm in width, 320 mm in length 

and 15 mm in thickness was used Figure 3 (k). The adhesive-coated fibers was spread evenly 

in the mold. The obtained board was called a “preform board” in Figure 3 (i). The hot press 

machine was used to manufacture the desired sheet by applying the force of 150 kg m–3 at 120 

°C for 15 minutes Figure 3 (j). The achieved roofing sheet material had to be stored at ambient 

temperature for 24 hours to be ready for moisture content test. The achieved roofing sheet 

material are shown in Figure 3 (q). 

3. RESULTS AND DISCUSSION 

3.1 Effect of Density the Roofing Material 

The study table1 shows that the roofing sheet material from oil palm empty fruit bunch fibers 

with synthetic adhesive at 3,5,7,9 and 11% phenol formaldehyde resin has average density 

between at 652.85 to 816.12 kg m-3. Synthetic adhesive isocyanate resin has average density 

between at 679.69 to 827.63 kg m-3 respectively. Regarding the roofing sheet material with 

synthetic adhesive urea-formaldehyde resin, the average density is found at 663.22 to 816.12 

kg m-3. Similarly, the roofing sheet material from oil palm empty fruit bunching fibers 

respectively. The roofing sheet material from oil palm empty fruit bunching fibers can pass the 

standard level of JIS A 5908-2003[19] which defines the density value at 400-900 kg m-3. 
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3.2 Effect of Moisture Contents the Roofing Material 

The average moisture contents of roofing sheet material with five different quantity of 

adhesives at 3, 5, 7,9 and 11 % using UF resin as the adhesive for the sheet with the moisture 

contents between of 10.73 to 8.85%, in the part of adhesives PF moisture contents between of 

11.15 to 8.94%, and that uses adhesives PMDI between of 10.57 to 7.82% respectively. The 

results showed that the roofing sheet at the PMDI that average moisture contents roofing sheet 

material lower moisture contents value. This is because the have high density. Followed by a 

roofing material that used adhesives type UF and PF respectively. The value can pass the 

standard level of JIS A 5908-2003 which defines the moisture contents at 5-13% Table.1 shows. 

3.3 Effect of Water Absorption the Roofing Material 

Table 2 shows regarding at 2 hours soaking time for roofing sheet material using PMDI, PF and 

UF resin as the adhesive were 3,5,7,9 and 11% for the sheet respectively. The roofing sheet 

material had the average water absorption for 2 h between at 37.15 to 17.12, 43.91 to 21.82% 

and 41.74 to 19.85% and for 24 hour between at 47.57 to 20.75, 52.42to 27.42 and 51.15 to 

24.11%, respectively. The value meet the standard level of JIS A 5908-2003. The flat pressing 

sheet does not define the value of water absorption at 2 and 24 hours. 

3.4 Effect of Thickness Swelling the Roofing Material 

Table 2 shows regarding thickness swelling at 2 and 24 h, the roofing sheet material with 

different using PMDI, PF and UF resin as the adhesive were 3,5,7,9 and 11% for the sheet 

respectively. Similarly, roofing sheet material with synthetic adhesive resin contains the 

thickness swelling between of 7.57 to 4.21, 9.21 to 5.63 and 8.25 to 5.11%, at 2 hour soaking 

time. The overall values went up to 8.14 to 5.52, 11.21 to 6.68 and 9.96 to 6.37%, respectively, 

at 24 hours soaking time in thickness swelling, respectively. The value is considered to pass the 

standard level of JIS A 5908-2003.That is the thickness swelling value of a flat pressing sheet 

for 24 hours must not exceed or equal 12%. 

Table 1 Physical properties of density and moisture content the roofing material 

Type of 

adhesives 

Quantity of 

adhesives (%) 

Average density 

(kg m-3) 

Average moisture 

 Content (%) 

 

 

UF 

 

 

3 663.22±0.24 10.73±0.33 

5 678.74±0.23 10.53±0.32 

7 726.25±0.21 9.24±0.32 

9 758.92±0.23 8.12±0.31 

11 816.12±0.25 8.85± 0.31 

 

 

PF 

3 652.85±0.24 11.15±0.34 

5 661.92±0.23 10.86±0.33 

7 719.55±0.24 9.75±0.33 

9 745.42±0.23 9.52±0.32 

11 816.12±0.26 8.94± 0.31 

 

 

PMDI 

3 679.69±0.23 10.57±0.33 

5 695.94±0.23 9.94±0.33 

7 743.58±0.24 8.35±0.32 

9 784.14±0.25 8.15±0.31 

11 827.63±0.25 7.82± 0.31 

JIS A5908-2003 400-900 5-13 
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3.5 Effect of Water Permeability the Roofing Material 

At water permeability at 24 hours of roofing sheet material using PMDI, UF and PF resin as 

the adhesive were 3,5,7,9 and 11% for the sheet respectively. For the water permeability tested 

at 24 hours the results of leak proof test of roof sheet material from oil palm bunch fibers did 

not appear to leak under the water the washed side of the sheet. Can prevent water penetration 

the value meet the standard level of TIS 535-2556 [20]. 

3.6 Effect of Thermal Conductivity and Thermal Resistance the Roofing Material 

Table 3 As a result, the average of thermal conduction and thermal resistance for the sheets of 

oil palm empty fruit bunch fibers mixed with synthetic adhesive at 3,5,7,9 and 11% of 

isocyanate resin indicates between at 0.174 to 0.187 w.m k-1 and 0.235 to 0.228 m2.k W-1. And 

the oil palm empty fruit bunch fibers sheets with synthetic adhesive Urea formaldehyde resin 

consists the average between at 0.163 to 0.183 W. m k-1 and 0.237 to 0.226 m2 k W-1 

respectively. By comparison, the oil palm empty fruit bunching fibers sheets with synthetic 

adhesive Phenol-formaldehyde resin shows the average between at 0.173 to 0.183 w.m k-1 and 

0.234 to 0.227 m2 k w-1 respectively. According to ASTM C 177-2010 [21]. 

4. CONCLUSIONS 

The study of physical and thermal property roofing material from oil palm empty fruit bunch 

fibers aims at studying the type and quantity of adhesives. That is synthetic adhesive Phenol-

formaldehyde and urea-formaldehyde at 3,5,7,9 and 11% and synthetic adhesive isocyanate 

resin. The study deals with testing physical and thermal properties, according to JIS A 5908-

2003 (8 types), TIS 535-2556 and ASTM C 177-2010. Also, According to the test, it is found 

that the roofing sheet material from oil palm empty fruit bunching fibers with synthetic adhesive 

isocyanate resin 3,5,7,9 and 11% contains higher properties than the one with synthetic adhesive 

urea formaldehyde and phenol-formaldehyde. That is synthetic adhesive isocyanate resin 

provides higher physical properties. The performance of sheet was influenced by the adhesive 

types and quantity of adhesives.  The sheet is durable for serious situations. Regarding thermal 

properties, it is found that thermal conductivity is at nearly level as insulation of commercial 

production value of thermal resistance of other types of commercial production materials Table 

3 and Table 4 raw material, density, and thermal conductivity of various materials published 

elsewhere. 

RECOMMENDATION 

From the investigation carried out, the following. 

• The size of the fibers should be used for forming the roofing material and the mixing 

ratio of the two fibers of different levels should be used in the process of forming the 

roofing material. 

• There is a comparison of the properties of the use of synthetic and natural adhesives in 

the back material production process. 

• Should study the cost of producing roof sheet material from natural fibers and the 

thermal properties of various commercially available roofing sheets should be 

compared. 
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Table 2 Physical properties of water absorption and thickness swelling the roofing material 

Type of 

adhesives 

Quantity of 

adhesives 

(%) 

Average  

Water absorption (%) 

Average 

  Thickness swelling (%) 

2 h 24 h 2 h 24 h 

 

 

UF 

 

 

3 41.74±0.23 51.15±0.32 8.25±0.23 9.96±0.23 

5 35.26±0.24 47.47±0.32 8.42±0.23 9.74±0.23 

7 29.97±0.22 35.57±0.31 7.21±0.22 8.22±0.22 

9 26.92±0.22 29.75±0.31 5.18±0.22 6.91±0.21 

11 19.85±0.21 24.11±0.29 5.11±0.21 6.37±0.21 

 

 

 PF 

3 43.91±0.24 52.42±0.34 9.21±0.22 11.21±0.23 

5 37.63±0.23 50.14±0.33 8.75±0.22 10.42±0.24 

7 32.12±0.22 39.25±0.33 7.42±0.21 9.98±0.22 

9 27.58±0.21 31.62±0.32 6.25±0.21 8.45±0.22 

11 21.82±0.21 27.42±0.31 5.63±0.19 6.68±0.24 

   

 

PMDI 

3 37.15±0.23 47.57±0.32 7.57±0.19 8.14±0.23 

5 33.97±0.23 41.94±0.32 6.12±0.18 7.19±0.23 

7 25.72±0.22 32.93±0.31 5.23±0.17 6.28±0.22 

9 19.21±0.22 28.71±0.31 4.45±0.16 5.97±0.22 

11 17.12±0.21 20.75±0.29 4.21±0.16 5.52±0.21 

JIS A5908-2003 - - - 12 

Table 3 Thermal properties of Thermal conductivity and Thermal resistance the roofing material 

Type of  

adhesives  

Quantity of  

adhesives  

(%) 

Average  

Thermal conductivity  

 (w.m k-1) 

Average   

Thermal resistance  

(m2.k w-1) 

  

 

UF 

 

 

3 0.163±0.031 0.237±0.022 

5 0.166±0.032 0.235±0.023 

7 0.174±0.024 0.229±0.024 

9 0.175±0.025 0.228±0.026 

11 0.183±0.023 0.226±0.025 

 

 

 PF 

3 0.173±0.026 0.234±0.022 

5 0.171±0.025 0.233±0.024 

7 0.172±0.035 0.231±0.023 

9 0.174±0.034 0.229±0.023 

11 0.184±0.026 0.227±0.024 

 

 

 PMDI 

3 0.174±0.024 0.235±0.015 

5 0.176±0.024 0.234±0.014 

7 0.179±0.017 0.232±0.021 

9 0.182±0.025 0.229±0.022 

11 0.187±0.024 0.228±0.021 
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Table 4 Raw material, density, and thermal conductivity of various materials published elsewhere 

[22-29] 

Raw material Density (kg/m3) Thermal conductivity (W/m K) 

Oil palm frond 108-141 0.034-0.038 

Empty fruit bunch 112-155 0.033-0.037 

Fiberglass 24-112 0.032-0.035 

Expanded polystyrene 16-35 0.037-0.038 

Extruded polystyrene 26-45 0.030-0.032 

Coconut coir and durian peel 288-910 0.074-0.1342 

Durian peel 359-907 0.063-0.185 

Coconut coir 329-664 0.054-0.144 

Flax 5-550 0.038-0.075 

Hemp (retted) 25-100 0.040-0.049 

Corn peel and solid wastes  

(from tissue paper manufacturing) 

726-980 0.140-0.251 

Vermiculite 64-130 0.063-0.068 

Ground-up waste paper 24-36 0.046-0.054 

Fiberglass 12-56 0.033-0.04 

Rock wool 40-200 0.037 

Cellulose 24-36 0.046-0.054 

Clay tile 1624 0.7106 

Asbestos sheet 1706 0.4733 

Cement tile 1748 0.5619 

Asbestos cement decking 1500 0.360 

Asbestos cement sheet 700 0.360 

Asphalt 1700 0.500 

Felt/Bitumen layers 1700 0.500 

Asphalt/Asbestos tiles 1900 0.550 

Roofing felt 960 0.190 

Asphalt mastic roofing 2325 1.150 

Built-Up roof – BR01 1121 0.162 
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