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Abstract. A teak leaf waste/polyurethane composite has been made for particle-board 

application. Some variation treatments were carried out on the use of polyurethane as the matrix 

with the range of 0.04-0.20 (w/w). Mechanical and physical properties have been tested on the 

composites produced. The test results showed the highest compressive strength of the sample 

reaches 38.5 MPa for polyurethane fraction of 0.14 (w/w). The composite has a density of 1261 

kg.m-3 which is in accordance with the result of density on teak. The physical properties have 

been also investigated and it was found that the lowest value of water absorption is 1.38%. This 

result indicated that composites can be used as an eco-friendly industrial scale instead of wood. 

Keywords: composite, polyurethane, teak leaf, mechanical properties. 

1.  Introduction 

In the last few decades, the wood demand in the world always grows with the total demand 

for 2020 is projected attain to 515 million m3 [1]. To fulfill this demand growth, one of the most 

likely efforts is composite engineering. Composite engineering promises organic and inorganic 

waste utilization as a synthesized-material having excellent properties relating the woods, such 

as mechanical strength, water absorption and so on [2-6]. Furthermore, the composite 

engineering is also a solution for the raising of environment awareness causing the high 

deforestation in several countries [2-3]. In addition, the utilization of natural waste and fibers 



 

 

 

 

 

 

for some composites has been widely studied and developed from various countries including 

Indonesia, Malaysia, Thailand, India, Brazil and Japan [2-4].  

 Some research relating to the polymers and plastics is focused on developing fibers, plastics, 

adhesives, composites, textiles, paper from renewable resources derived mostly from 

agricultural wastes containing lignocellulosic [4]. One of the efforts done is maximizing some 

natural fibers such as sisal, hemp, bamboo and agricultural wastes such as leaves, coconut 

fibers, rice husk, peanut shells and straw also can be used as composite reinforcements [5-6]. 

Most developing countries like Indonesia, some agricultural wastes usually are used for 

compost production. Composites of these natural fibers have several advantages such as easy 

to process, environmentally, good acoustic properties, low energy processes, good mechanical 

and thermal properties, water resistance, non-corrosive, non-toxic and naturally degradable [7]. 

Further, several studies related to the leaves waste composites have been done, such as 

Masturi et al. developed composite from leaves waste and paper waste using polyvinyl acetate 

as matrix and the compressive strength reaches to 45.60 MPa [2]. Campanella et al. successfully 

made a composite of Northern Red Oak leaves with plant oil-based resins [6], while Thakur et 

al have also developed biopolymer composite using ligno-cellulosic of Hibiscus Sabdariffa [8]. 

A different method has been performed by Nongman et al having created a composite by 

lamination method of banana leaf fiber and adhesive [5]. 

In this work, we developed a composite of teak leaves waste with polyurethane matrix. The 

teak leaves was chosen since its utilization only as compost having a low add value as well its 

availability is very abundant in Indonesia. The aim of this study is to produce a teak leaves 

waste composite having physical and mechanical properties making a chance to be used on an 

eco-friendly industrial scale. 

2.  Materials and Methods 

The teak leaves waste of Semarang Indonesia was used, while diisocyanates and polyol as 

polyurethane (PU) polymerization materials were purchased in Multi Kimia Inc, Semarang, 

Indonesia.  

For first, the leaves waste was dried and crushed using a blender machine to form a powder. 

Then, the powder was sieved using 700 mesh. In the other hand, the diisocyanates and polyol 

were mixed using magnetic stirrer for 5 minutes with ratio 1:1 to form polyurethane and mixed 

with the teak leaves waste powder with varied composition while the leaves teak powder was 

kept at 12 g weight. The PU/teak leaves waste mixture was stirred using mixer machine to 

homogenize the mixture, then pressed into a cylindrical mold at pressure of 3 tons for 15 



 

 

 

 

 

 

minutes. Having been pressed, the composite was removed from the mold and dried for 24 

hours at room temperature. 

The investigation to the content of the teak leaves powder cellulose bonding to polyurethane 

and detecting spectral changes in teak leaves waste composite was performed using FTIR 

Spectrometer Frontier type (Perkin Elmer) in a spectral range of 400-4000 cm-1. Meanwhile, 

the identification of the mechanical properties was measured by a compressive strength test 

using Sociedad Espanola anonima Ibertest instrument. In this test, the sample is cut into cubic 

shape and was measured using testing machine. In addition, to ensure the water resistance of 

the composite, the identification of the physical properties was performed by density 

measurement, further, water absorption test was done by soaking this sample in the water for 

24 h to obtain the weight of water absorbed into the composite compared to the initial weight. 

3.  Result and Discussion 

3.1.  Compressive Strength Test 

 

 

Figure 1. Compressive strength of teak leave waste composite as polyurethane content (w/w) 

and the compressive strength attains at maximum for 0.14 fraction (w/w). 

 

Figure 1 shows the effect of polyurethane addition on composite compressive strength. The 

highest compressive strength is achieved as 38.5 MPa for polyurethane fraction of 0.04 (w/w). 



 

 

 

 

 

 

This resulting strength is 86% higher than that of polyurethane fraction of 0.04 (w/w). The 

increase in compressive strength is closely related to the interaction between the surface of the 

particles and the polymer. The composites with 0.04 and 0.08 (w/w) have relatively low 

compressive strength regarding there are still many teak leaf particles not binding to the 

polymer matrix due to. When the polyurethane fraction was added to 0.14 (w/w), the composite 

attains the highest compressive strength. This shows that all matrices of the polymer exactly 

interact with all the teak powder particles so that the composite becomes more compact and 

withstands higher loads such as the mechanisms in Figure 2. 

Figure 2(a) illustrates the bonding of leaves teak particles and polyurethane polymers at a 

mass varied of 0.04-0.08 (w/w).  Preliminarily all polymer matrices are not filled by particles. 

Having been pressed to form a composite, some of the diffused particles do not bind to the 

matrix. The presence of leaf particles not binding to the matrix affects the ability of the 

composite in holding the load so it becomes easily fragile and broken. In Figure 2(b), a 

composite with polyurethane content of 0.14 (w/w) shows that all teak leaf particles are 

precisely bind to a polymer matrix, that is called as optimum fraction of polyurethane in this 

composite. This matrix bond is capable of forwarding the load in all directions so that the 

resulting composite is stronger and withstand maximum load [9]. Further, as Figure 2(c) the 

composites with a polyurethane content of 0.17-0.20 (w/w) show some parts of polyurethane 

not binding to the filler, so that many avoids from polyurethane polymer appear and it result in 

the decreasing of the compressive strength [10-11]. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Filler particle distribution scheme and polymer matrix. (a) low compressive strength, 

(b) high compressive strength, (c) low compressive strength 
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Using the explanation above, the added mass of polyurethane improve the composite 

compressive strength. However, the larger mass otherwise makes the reduction of compressive 

strength, as in Figure 1 the maximum strength is the composite with the polyurethane fraction 

of 0.14 (w/w). According to Jaya et al., polyurethane is a hydrophobic matrix and teak leaf 

powder is a hydrophilic filler so that when the polymer was added much more than the filler 

there will be a very poor adhesion force between surfaces [12]. Further, the raising of the 

strength until certain fraction is related to the maximum contact amount between the polymer 

and solid waste particle [13]. 

 

The most important interaction in the composite is predominantly emerged between the 

polyurethane and the cellulose in teak leaves. According to Alemdar and Sain, the cellulose in 

plant fibers has important role in reinforcing material in composite applications [14]. The 

presence of cellulose in teak leaves can be investigated through the FTIR spectrum in Figure 

3. 

 Figure 3(a) and Figure 3(b) show the FTIR spectrum of the pure cellulose obtained from 

Ramirez-Flores et al [15] and the teak leaves respectively, with the comparison can be shown 

in Table 1. The FTIR spectrum of pure cellulose and leaves teak powder cellulose’s has a 

significant difference at peak 1631 cm-1. The peak of 1631 cm-1 indicates absorption band of 

hydrogen forming a hydrogen bridge from hydroxyl groups and oxygen atoms from glucose 

monomer and usually found at a cellulose fiber [16]. The peak of 1631 cm-1 is not found at pure 

cellulose but it found at cellulose of natural fibers [17-20]. 

The peak of 2929 and 2300 cm-1 indicates a strong C-H bond in cellulose polymers [21]. 

While, peak of 3401 cm-1 shows the stretching of the O-H group bonds [22]. Further, the peak 

of 780 cm-1 and 1438 cm-1 shows the C-H bonds connecting the glucose units of cellulose. The 

peak at 1234 cm-1 indicates that there is a C-O-C group which is the structure of lignin. The 

absorption area occurring at 1076 cm-1 indicates the presence of a C-O bond in the cellulose 

component [12]. 

 



 

 

 

 

 

 

 

Figure 3. Spectrum of cellulose of: (a) pure cellulose obtained from Ramirez-Flores [13] b. 

cellulose of teak leaves powder in this work where many peaks of both celluloses 

have more similarities. 

 

Using the FTIR analysis, it can be shown that cellulose and lignin components are found in 

the teak leaves. This leave can compete the conventional fibers such as glass fiber regarding its 

high performance as reinforcing material for thermosetting and thermoplastic matrices with 

their naturally degradable superior properties [23]. 

Table 1. Comparison of the peak absorption at pure cellulose and cellulose of teak leaves 

powder 

 

The interaction arising between the teak leaves and the polymer is a van der Waals 

interaction. This interaction was confirmed by several FTIR spectrum shifts as shown in Figure 

Bond 
Wavenumber (cm-1) 

Pure cellulose (cm-1) [15] Cellulose of teak leaves powder (cm-1) 

O-H 3340 – 3500 3401  

C-H 2800 – 2920  2929  

C-O-C 1160  1233  

C-O 1035 – 1060  1075  

C=H 1400  1437 



 

 

 

 

 

 

4. The shifts in spectrum are appeared due to the vibrating atoms as a result of the energy of 

disruption of atoms closing each other. 

 

 

 

Figure 4. FTIR spectrum a. teak leaves, b. polyurethane, c. PU/teak leave composite 

 

Polyurethane has two functional groups, i.e. carbonyl and amine groups. The spectrum shift 

starts to occur of 3369 cm-1 to 3371 cm-1 indicates the O-H bond. This shift is due to the amine 

group of the polyurethane was disturbed by hydrogen bonding in the hydroxyl group of leaves 

and forming a hydrogen bridge [24]. Further, the shift of 2273 cm-1 to 2277 cm-1 shows the 

carbonyl group of polyurethane undergoes a spectral shift. This is due to the disturbance of the 

C-H leaves bonding to the carbonyl group forming the O-H bridges. The peak at 1598 cm-1 

shifting to 1599 cm-1 also indicates the amine group in polyurethane disturbed by the O-H bonds 

of the teak leaves. Furthermore, the shift also occurs at the carbonyl peak of 1083 cm-1 to 1082 

cm-1 due to disturbance of the leave's C-O bond of the peak of 1075 cm-1 (Figure 5). Similar 

results were confirmed by a previous work that PVA-sepiolite composite which derived its van 

der Waals interactions between silanol groups and carbon C-O and shifted from 1088 cm-1 to 

1085 cm-1 [25]. 



 

 

 

 

 

 

 

 

Figure 5. Van Der Waals interactions on the teak leaf waste composites, dashed lines 

illustrate the Van der Waals interaction area of (a) CH and carbonyl group (b) OH 

and amine group, and (c) CO and carbonyl group. 

 

3.2.  Density Test 

Figure 6 shows the density of composite samples with polyurethane variation ranges from 

825 to 1261 kg.m-3. The density value is proportional to the increase in PU content. The lowest 

density value is found in the sample with a polyurethane fraction (w/w) of 0.04, while the 

highest density value is in the sample with 0.20 of polyurethane fraction (w/w). It can be 

explained when the polyurethane polymer content rises and the filler is fixed, then the number 

of links produced by the polymer increases. Hence, the increased links result in stronger bonds 

to bind the filler so that it gets closer and density increases [7]. 

The density of 0.08 (w/w) is in accordance with the results of the density value of teak that 

has been investigated by Wahyudi et al. obtaining the teak density values have a density of 1000 

- 1200 kg.m-3  with an average value of 1160 kg.m-3 [17]. In this study, the resulted-density 

value is higher than that of Martins et al work producing particle board with density of 510 - 

570 kg.m-3 [18]. The composites produced in this work have a similar density to the results of 

the Raju et al. producing some composites with densities ranging from 1100 to 1320 kg.m-3 

[19]. Further, Butylina et al. have produced wood fibre-polypropylene composite having 

density ranged from 1040 to 1140 kg.m-3 [20]. 
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Figure 6. Composite density as polyurethane fraction (w/w) function 

 

The density data shows that this composite belong to the high-density particle board category 

because it has a density more than 0.80 g/cm3 in accordance with the standard designation 1554-

67 by American Society [26]. Additionally, the composite has also meet the Indonesia National 

Standard of 03-2105-2006 where particleboard density having values in the range of 400 - 900 

kg.m-3 [27].  

3.3.  Water Absorption 

The value of water absorption was measured to determine the ability of leaves teak waste 

composite to absorb the water after 24 hours of soaking. The highest water absorption rate 

reaches 107.35% in composites with polyurethane fraction of 0.04 (w/w). After soaking for 24 

hours, the composite undergoes thick development until the composite becomes cracked and 

broken due to the cavities emerging between matrix and filler particles. These cavities then 

absorb a lot of water and further it can affect the dimensional stability of the composite. 

Additionally, the hydrophilic filler also absorbs a lot of water during the immersion. 



 

 

 

 

 

 

 

Figure 7. Water absorption of composite tends to zero for larger polyurethane fraction (w/w) 

 

Figure 7 shows the water absorption value was decreasing with the increase of polyurethane 

fraction. The large fraction tends to produce composites with lower water absorption. It can be 

explained as the cavities among the teak leaves has been fulfilled by large amount of the 

polyurethane. Hence, the amount of water adsorbed decreases. 

The absorption value of the leaves teak waste composite produced is better than to that of 

several leaves waste composites having been developed by several authors, such as Al-

Sulaiman et al. produced palm fiber reinforced composites with the water absorption is between 

2.3 to 5.8% [28], and Batiancela et al. developed a wood particle from tea leaves waste and 

obtained the water absorption about 23-40% [29]. Therefore, in accordance to the several 

properties above, this composite has properness in competing the woods. 

4.  Conclusion 

We have successfully developed a teak leaves-waste composite utilized as particleboard. 

The mechanical and physical properties of the composites have been investigated. The test 

results showed a composite compressive strength attains 38.5 MPa. The highest density is 1261 

kg.m-3 that is in accordance to the American Society standard. The lowest value of water 

absorption is 1.38%. In addition, we have successfully approximated the van der Waals 



 

 

 

 

 

 

interaction with the spectrum shifts of the FTIR spectroscopy as a confirmation of the 

compressive strength enhancement. 

Acknowledgement 

We acknowledge to Research, Technology and Higher Education Ministry, Indonesia in 

financing this work by Decentralization Grant via Universitas Negeri Semarang. 

Declaration of conflicting interests 

The author(s) declared no potential conflicts of interest with respect to the research, authorship, 

and/or publication of this article. 

Funding 

The author(s) disclosed receipt of the following financial support for the research, authorship, 

and/or publication of this article: This work was supported by Kementerian Riset Teknologi 

dan Pendidikan Tinggi Republik Indonesia (Research, Technology and Higher Education, 

Republik of Indonesia), grant number: 084/SP2H/LT/DRPM/2017. 

Reference 

1. Food Agriculture Organization. Global demand for wood products. 

http://www.fao.org/3/i0350e/i0350e02a.pdf (2009, accessed 20 July 2018). 

2. Masturi, Abdullah M and Khairurrijal. High compressive strength of home waste and 

polyvinyl acetate composites containing silica nanoparticle filler. J Mater Cycles Waste 

Manag 2011; 13: 225–231. 

3. Tangjuank S. Thermal insulation and physical properties of particleboards from leaves. Int 

J Phys Sci 2011; 6: 4528–4532. 

4. Mishra S, Mohanty VL, Drzal T, Misra M et al. A review on pineapple leaf fibers, sisal 

fibers and their biocomposites. J Macromol Mater Eng 2004; 289: 955–974. 

5. Nongman AF, Baharin A, and Bakar AA. The effect of banana leaves lamination on the 

mechanical properties of particle board panel. J Procedia Chem 2016; 19: 943–948. 

6. Campanella A, Wool RP, Bah M, et al. Composites from northern red oak (Quercus robur) 

leaves and plant oil-based resins. J Appl Polym Sci 2013; 127: 18–26. 

7. Halvarsson S, Edlund H, and Norgren M. Properties of medium-density fibreboard (MDF) 

based on wheat straw and melamine modified urea formaldehyde (UMF) resin. J Ind Crop 

Prod, 2008; 28: 37–46. 

8. Thakur VK, Singha AS and Thakur MK. Biopolymers based green composites: 



 

 

 

 

 

 

mechanical, thermal and physico-chemical characterization. J Polym Environ 2012; 20: 

412–421. 

9. Masturi, Aliah H, Aji MP, et al. Effect of silica nanoparticles on compressive strength of 

leaves-waste composite.  AIP Conf Proc 2011; 1415: 90-93. 

10. Kumar R and Bhattacharjee B. Porosity, pore size distribution and in situ strength of 

concrete. Cem Concr Res 2003; 33: 155-164. 

11. Masturi, Silvia, Aji MP, et al. Permeability, strength and filtration performance for 

uncoated and titania coated clay wastewater filters. Am J Environ Sci 2012; 8: 79–94. 

12. Jaya H, Omar MF, Akil HM, et al. Compressive mechanical properties of sawdust/high 

density polyethylene composites under various strain rate loadings. J Vinyl Add Tech 2018; 

24: 162-173. 

13. Surtiyeni N, Yuliza E, Kurniasih N, et al. Effect of composition variation on the mechanical 

strength of domestic waste-based composites. Adv Mater Res 2015; 1112: 389-392. 

14. Alemdar A and Sain M. Isolation and characterization of nanofibers from agricultural 

residues–wheat straw and soy hulls. Bioresour Technol 2008; 99: 1664–1671. 

15. Ramirez-Flores J, Rubio E, Rodriguez-Logo V, et al. Purification of polluted waters by 

functionalized membranes. Rev Adv Mater Sci 2009; 21: 211-216. 

16. Paulien WH, Bermudez L and Bakker R. Literature review of physical and chemical 

pretreatment process for lignocellulosic biomass. Wagenin UR Food & Biobased Research, 

2010, pp. 10-12. 

17. Wahyudi I, Kristia D, Sinaga D, et al. Pengaruh jarak tanam terhadap pertumbuhan pohon 

dan beberapa sifat fisis-mekanis kayu jati cepat tumbuh (Effect of spacing on tree growth 

and several physical-mechanical properties of faster-grown teak wood). Ilmu Pertan. 

Indonesia 2014; 19: 204–210. 

18. Martins EH, Junior JBG, Protásio TP, et al. Evaluation of physical properties of 

particleboard produced from sugarcane leaves. J Key Eng Mater 2015; 668: 270–274. 

19. Raju GU, Kumarappa S and Gaitonde VN. Mechanical and physical characterization of 

agricultural waste reinforced polymer composites. J Mater Environ Sci 2012; 3: 907–916.  

20. Butylina S, Martikka O and Kärki T. Properties of wood fibre-polypropylene composites: 

effect of wood fibre source. Appl Compos Mater 2011; 18: 101–111. 

21. Kumar V, Kumari M and Kumar R. Rapid synthesis of graft copolymers from natural 

cellulose fibers. Carbohydr Polym 2013; 98: 820–828. 

22. Halib N, Iqbal MC and Ahmad I. Physicochemical properties and characterization of nata 



 

 

 

 

 

 

de coco from local food industries as a source of cellulose. Sains Malaysiana, 2012; 41: 

205–211. 

23. Kaushik A and Singh M. Isolation and characterization of cellulose nanofibrils from wheat 

straw using steam explosion coupled with high shear homogenization. Carbohydr Res 

2011; 346: 76–85. 

24. Masturi, Swardhani AP, Sustini E, et al. High strength lightweight nanocomposite from 

domestic solid waste. AIP Conf Proc 2011; 1415: 59–64. 

25. Masturi and Sunarno. Estimation of Van der Waals interaction using FTIR spectroscopy. J 

Adv Mater Res 2015; 1123: 61–64.  

26. American Society for Testing and Materials. ASTM Standard Designation 1554-67. 

Philadelphia: 1973. 

27. Indonesian National Standard Board. SNI 03-2105-2006 papan partikel (particle board). 

http://arkn-fpd.org/data_content/standard/SNI_03-2105-2006_Papan_partikel.pdf (2004, 

accessed 20 September 2019). 

28. Al-Sulaiman FA. Mechanical properties of date palm fiber reinforced composites. Appl 

Compos Mater 2002; 9: 369–377. 

29. Batiancela MA, Acda MN and Cabangon RJ. Particleboard from waste tea leaves and wood 

particles. J Compos Mater 2013; 48: 911–916. 

http://arkn-fpd.org/data_content/standard/SNI_03-2105-2006_Papan_partikel.pdf


2/21/2021 UNNES Mail - Advanced Composites Letters - Decision on Manuscript ID ACM-20-0085

https://mail.google.com/mail/u/1?ik=a8259e370f&view=pt&search=all&permmsgid=msg-f%3A1666410036246705770&simpl=msg-f%3A1666410… 1/3

Masturi UNNES <masturi@mail.unnes.ac.id>

Advanced Composites Letters - Decision on Manuscript ID ACM-20-0085 

Advanced Composites Letters <onbehalfof@manuscriptcentral.com> Mon, May 11, 2020 at 10:54 PM
Reply-To: acm@sagepub.com
To: masturi@mail.unnes.ac.id

11 May 2020 

Dear Dr. Masturi: 

Manuscript ID ACM-20-0085 entitled "MECHANICAL AND PHYSICAL PROPERTIES OF TEAK LEAVES
WASTE/POLYURETHANE COMPOSITES FOR PARTICLE-BOARD APPLICATION" which you submitted to
Advanced Composites Letters, has been reviewed.  The comments of the reviewer(s) are included at the bottom of
this letter. 

The reviewer(s) suggest some revisions to your manuscript before it can be considered for publication. Therefore, I
invite you to respond to the reviewer(s)' comments and revise your manuscript. 

To revise your manuscript, log into https://mc.manuscriptcentral.com/advcom and enter your Author Centre, where
you will find your manuscript title listed under "Manuscripts with Decisions."  Under "Actions," click on "Create a
Revision."  Your manuscript number has been appended to denote a revision. 

You may also click the below link to start the revision process (or continue the process if you have already started
your revision) for your manuscript. If you use the below link you will not be required to login to ScholarOne
Manuscripts. 

*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm.
***  

https://mc.manuscriptcentral.com/advcom?URL_MASK=d43e9d8323174a9d82a2b4260a00cab6 

You will be unable to make your revisions on the originally submitted version of the manuscript.  Instead, revise your
manuscript using a word processing program and save it on your computer.  Please also highlight the changes to
your manuscript within the document by using bold or coloured text. 

Once the revised manuscript is prepared, you can upload it and submit it through your Author Centre. 

When submitting your revised manuscript, you will be able to respond to the comments made by the reviewer(s) in
the space provided.  You can use this space to document any changes you make to the original manuscript.  In order
to expedite the processing of the revised manuscript, please be as specific as possible in your response to the
reviewer(s). 

IMPORTANT:  Your original files are available to you when you upload your revised manuscript.  Please delete any
redundant files before completing the submission. 

Because we are trying to facilitate timely publication of manuscripts submitted to Advanced Composites Letters, your
revised manuscript should be uploaded as soon as possible. If it is not possible for you to submit your revision by the
deadline, please contact the editorial office to arrange a new deadline. 

Once again, thank you for submitting your manuscript to Advanced Composites Letters and I look forward to receiving
your revision. 

Sincerely, 
Professor Igor Guz 
Advanced Composites Letters 
acm@sagepub.com 

Reviewer(s)' Comments to Author: 

Reviewer: 1 

https://mc.manuscriptcentral.com/advcom
https://mc.manuscriptcentral.com/advcom?URL_MASK=d43e9d8323174a9d82a2b4260a00cab6
mailto:acm@sagepub.com


2/21/2021 UNNES Mail - Advanced Composites Letters - Decision on Manuscript ID ACM-20-0085

https://mail.google.com/mail/u/1?ik=a8259e370f&view=pt&search=all&permmsgid=msg-f%3A1666410036246705770&simpl=msg-f%3A1666410… 2/3

Comments to the Author 
The authors prepared teak leaf waste/polyurethane composites, and their mechanical and physical properties were
investigated. There are some questions should be addressed before it can be accepted. The detailed comments are
listed as follows, 
1.      There are a number of errors in English writing, the authors are requested to carefully check all the manuscript
and correct where appropriate. Such as page 4 “et al” should be “et al.”. 
2.      Other applications of POLYURETHANE should be cited: https://doi.org/10.1007/s42114-017-0009-y; Macromol.
Chem. Phys., 2019, 220, 1800567; https://doi.org/10.1007/s42114-018-0067-9; Polymer, 2018, 158, 381-390;
Macromol. Mater. Eng., 2019, 304, 1900010. 
3.      The advantages of using nanocomposites need be introduced with some functions, the following papers need
be cited: http://dx.doi.org/10.30919/es8d615; Appl. Surface Sci., 2020, 507, 145168; http://dx.doi.org/10.30919/
es8d759; Compos. Sci. Technol., 2019, 181, 107689; ACS Appl. Mater. Interfaces, 2019, 11, 33770; Phys. Chem.
Chem. Phys., 2020, 2020, 22, 5114; J. Mater. Chem. C., 2020, 8, 3029; http://dx.doi.org/10.30919/esmm5f125;
Compos. Part A, 2018, 108, 12-22; Appl. Surf. Sci., 2020, 506, 144946; Chemical modification of carbon fiber with
diethylenetriaminepentaacetic acid/halloysite nanotube as a multifunctional interfacial reinforcement for silicone resin
composites. Polym. Adv. Technol., 2020, 31, 527-535; Modification of renewable cardanol onto carbon fiber for the
improved interfacial properties of advanced polymer composites. Polymers, 2020, 12, 45; ChemNanoMat, 2020, 6,
174-184; J. Mater. Chem. C, 2019, 7, 11710. 
4.      The other fillers are also very important and cheap, this needs be introduced with recent papers so that the
future readers can have an idea of the functions, including: Nanotechnology, 2020, 31, 225402;
http://dx.doi.org/10.30919/es8d504; J. Mater. Chem. C, 2020, 8, 3463; Macromol. Mater. Eng., 2019, 304, 1900166;
Polymer, 2020, 190, 122198; J. Mater. Chem. C, 2018, 6, 3004; http://dx.doi.org/10.30919/esee8c325; J. Mater.
Chem. C, 2019, 7, 7035; ACS Appl. Mater. Interfaces, 2019, 11, 25465;  
5.      The authors claim “The aim of this study is to produce a teak leaves waste composite having physical and
mechanical properties making a chance to be used on an eco-friendly industrial scale”. All the materials have physical
and mechanical properties, and require specific evaluation for different applications, please correct such a strange
claim. 
6.      Page 5 “at pressure of 3 tons for 15 minutes”, the units of pressure should be converted into “Pa”.  
7.      Page 5 “The investigation to the content of the teak leaves powder cellulose bonding to polyurethane and
detecting spectral changes in teak leaves waste composite was performed using FTIR Spectrometer Frontier type
(Perkin Elmer) in a spectral range of 400-4000 cm-1.” I think only use FTIR cannot investigate the content of teak
leaves, and it need to be supported by other test results. 
8.      The Fig. 2 and Fig. 5 need to redraw, some of the words are obscured. In addition, the experimental data in Fig.
6 and Fig. 7 need to provide the error bar. 
9.      The authors are recommended to cite some references to further elaborate the potential applications, for
example, Compos. Sci. Technol. 2020,188, 107969; J. Phys. Chem. C 2019, 123, 23635-23642; Acta Mater. 2020,
185, 412-419; J. Mater. Chem. A, 2020, 8(11): 5750-5757.  

Reviewer: 2 

Comments to the Author 
Please expand the Introduction on works about “leaves waste composites”. There are many more that are relevant,
on pineapple, agave, tea (!), potatoes (!). Please add a few for completeness. 

The choice of polyurethane as the matrix might be questionable. Please add a few lines to comment and justify your
choice, also in terms of end-of-life and wood replacement. 

You do not present any photographs either of cracked samples or of the panels obtained, and this is a main limitation.
I may understand they might not look amazing, but this is research after all. Please add some photographic
documentation. 

Also the discussion about water absorption is very limited, and I would say naïve, please be more specific. 

The Conclusions are basically a repetition of the Abstract, which is not appropriate. Please indicate at which point you
are and where do you suppose to be able to go from there. 

In Figure 1, did you test only one sample per category? Also in terms of the significance of the study this appears
quite limited. Please comment in the text on the possible reliability of results. 

In Figure 2, the writings “matrix” and “filler” are hardly visible. Please rework it. 

Also, please check thoroughly your level of English, since many sentences are not well understandable. A number of
issues are evidenced in the review. 

Some (only the most evident) English issues: 

Abstract line 2: please check what you mean by “variation treatments”. Possibly this is not the correct expression. 
Introduction line 7: please replace “causing” with “caused by” 

https://doi.org/10.1007/s42114-017-0009-y
https://doi.org/10.1007/s42114-018-0067-9
http://dx.doi.org/10.30919/es8d615
http://dx.doi.org/10.30919/es8d759
http://dx.doi.org/10.30919/esmm5f125
http://dx.doi.org/10.30919/es8d504
http://dx.doi.org/10.30919/esee8c325


2/21/2021 UNNES Mail - Advanced Composites Letters - Decision on Manuscript ID ACM-20-0085

https://mail.google.com/mail/u/1?ik=a8259e370f&view=pt&search=all&permmsgid=msg-f%3A1666410036246705770&simpl=msg-f%3A1666410… 3/3

Page 4 line 2: please replace “easy” with “being easy” 
Page 8 line 1: please replace “avoids” with “voids” 
Page 9 line 10: “powder cellulose’s”. Do you mean “cellulose powder”? 
Page 10 last line: “leave”? Do you mean “leaf”? Or “these leaves”? 
Page 14 line 5: when you say about 0.08 density, you mean the relative amount, I suppose. Please rephrase. 

Associate Editor(s)' Comments to Author:

Associate Editor: OGIHARA  , Shinji  
Comments to the Author: 
(There are no comments.) 



 

Response to Reviewer(s)' Comments to manuscript entitled: MECHANICAL AND PHYSICAL PROPERTIES OF 

TEAK LEAVES WASTE/POLYURETHANE COMPOSITES FOR PARTICLE-BOARD APPLICATION. 

 

Reviewer 1: 

Comments to the Author:   

1. The authors prepared teak leaf waste/polyurethane composites, and their mechanical and physical 

properties were investigated. There are some questions should be addressed before it can be 

accepted. The detailed comments are listed as follows, 

1. There are a number of errors in English writing, the authors are requested to carefully check all 

the manuscript and correct where appropriate. Such as page 4 “et al” should be “et al.”. 

We have checked and make up the English writing. 

2. Other applications of POLYURETHANE should be cited: https://doi.org/10.1007/s42114-017-0009-

y; Macromol. Chem. Phys., 2019, 220, 1800567; https://doi.org/10.1007/s42114-018-0067-9; 

Polymer, 2018, 158, 381-390; Macromol. Mater. Eng., 2019, 304, 1900010. 

We have added citation to the references (above): 

Polyurethane as a thermosetting polymer was selected owing does not melt when heated, more resistant 

to acids and bases, has a high adhesive power due to the presence of highly reactive isocyanate functional 

groups, has good erosion resistance so it can be used as an anti-erosion film and coating technology (Dong 

et al., 2019), has an isotropic and controllable electromagnetic response, and has a negative permittivity 

value which is potentially applied to the electronics field (Sun et al., 2019; Wang et al., 2020). Furthermore, 

the addition of nanoparticles in polyurethane can improve thermal stability and mechanical properties of 

composites. Polyuretane is also used as a textile coating on inkjet-printed flexible and washable field-effect 

transistors (FETs) on textile technology (Wang et al., 2019) 

3. The advantages of using nanocomposites need be introduced with some functions, the following 

papers need be cited: http://dx.doi.org/10.30919/es8d615; Appl. Surface Sci., 2020, 507, 145168; 

http://dx.doi.org/10.30919/es8d759; Compos. Sci. Technol., 2019, 181, 107689; ACS Appl. Mater. 

Interfaces, 2019, 11, 33770; Phys. Chem. Chem. Phys., 2020, 2020, 22, 5114; J. Mater. Chem. C., 

2020, 8, 3029; http://dx.doi.org/10.30919/esmm5f125; Compos. Part A, 2018, 108, 12-22; Appl. 

Surf. Sci., 2020, 506, 144946; Chemical modification of carbon fiber with 

diethylenetriaminepentaacetic acid/halloysite nanotube as a multifunctional interfacial 

reinforcement for silicone resin composites. Polym. Adv. Technol., 2020, 31, 527-535; Modification 

of renewable cardanol onto carbon fiber for the improved interfacial properties of advanced 

polymer composites. Polymers, 2020, 12, 45; ChemNanoMat, 2020, 6, 174-184; J. Mater. Chem. C, 

2019, 7, 11710. 

We have added citation to the references (above): 

In recent years, the use of composites is very widespread in the electronics, automotive and aviation 

industries, construction field, multipurpose applications such as particle boards, energy storage, heat and 



electricity insulators, ship bodies and aircraft, organic field effect-transistors, antennas, etc. due to their 

high mechanical strength , good thermal stability, anti-corrosion, high dielectric constant, light weight and 

easy to produce large scale(Zhang et al., 2016; Lyu et al., 2018; Wang et al., 2018; He et al., 2020; Wei et 

al., 2020; Zheng et al., 2020; Zheng, Wang and Wu, 2020) 

4. The other fillers are also very important and cheap, this needs be introduced with recent papers 

so that the future readers can have an idea of the functions, including: Nanotechnology, 2020, 31, 

225402; http://dx.doi.org/10.30919/es8d504; J. Mater. Chem. C, 2020, 8, 3463; Macromol. Mater. 

Eng., 2019, 304, 1900166; Polymer, 2020, 190, 122198; J. Mater. Chem. C, 2018, 6, 3004; 

http://dx.doi.org/10.30919/esee8c325; J. Mater. Chem. C, 2019, 7, 7035; ACS Appl. Mater. 

Interfaces, 2019, 11, 25465; 

We have added citation to the references (above): 

Senthilkumar et al. were fabricated pineapple leaf fiber/polyester composites having a tensile strength 

reached to 33.13 MPa. Good mechanical properties related to the high content of cellulose in pineapple 

leaf fibers so that it can transfer a sizable load from the matrix to the fiber effectively (Senthilkumar et al., 

2019). In addition, Melkanu et al., have investigated the mechanical properties and water absorption in 

sisal / Polyester fiber composites with treated fibers and without alkaline sodium hydroxide treatment. 

Compressive strength in sisal fibers treated better than untreated fibers with low water absorption 

advantages (Melkamu, Kahsay and Tesfay, 2019). 

5. The authors claim “The aim of this study is to produce a teak leaves waste composite having 

physical and mechanical properties making a chance to be used on an eco-friendly industrial scale”. 

All the materials have physical and mechanical properties, and require specific evaluation for 

different applications, please correct such a strange claim. 

The aim of this study is to produce a teak leaves waste composite having a high compressive strength and 

low water absorption making a chance to be used on an eco-friendly industrial scale. 

6. Page 5 “at pressure of 3 tons for 15 minutes”, the units of pressure should be converted into “Pa”. 

We have checked and rewrite with: 

The PU/teak leaves waste mixture was stirred using mixer machine to homogenize the mixture, then 

pressed into a cylindrical mold at pressure of 5 MPa for 15 minutes. 

7. Page 5 “The investigation to the content of the teak leaves powder cellulose bonding to 

polyurethane and detecting spectral changes in teak leaves waste composite was performed using 

FTIR Spectrometer Frontier type (Perkin Elmer) in a spectral range of 400-4000 cm-1.” I think only 

use FTIR cannot investigate the content of teak leaves, and it need to be supported by other test 

results. 

I think so. We can also use a DSC analysis test to evaluated the interaction between polymers and fillers as 
has been investigated by Dong et al (2018). However, in this study we only focus on characterization using 
FT-IR.  

Dong, M. et al. (2018) ‘Thermoplastic polyurethane-carbon black nanocomposite coating: Fabrication and 
solid particle erosion resistance’, Polymer. Elsevier Ltd, 158, pp. 381–390. doi: 
10.1016/j.polymer.2018.11.003. 



8. The Fig. 2 and Fig. 5 need to redraw, some of the words are obscured. In addition, the 

experimental data in Fig. 6 and Fig. 7 need to provide the error bar. 

We have checked and replace with  

 

Figure 2. 

 

Figure 5. 

We do not include the error bar values in Figure 6 and Figure 7 because the test is carried out once per 

sample and handled by the testing lab technician. 

9. The authors are recommended to cite some references to further elaborate the potential 

applications, for example, Compos. Sci. Technol. 2020,188, 107969; J. Phys. Chem. C 2019, 123, 

23635-23642; Acta Mater. 2020, 185, 412-419; J. Mater. Chem. A, 2020, 8(11): 5750-5757. 

  (a) (b) (c) 

 

 = filler 

 

 = Matrix 

R
1

 NH C O 

OH 

O 

CO 

R
2

 

CH 

(b)
 

(a)
 

(c)
 



In recent years, the use of composites is very widespread in the electronics, automotive and aviation 

industries, construction field, multipurpose applications such as particle boards, energy storage, heat and 
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development until the composite becomes cracked and broken due to the cavity that appears between the 
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hygroscopic so they are vulnerable to being the target of fungal growth and susceptible to fire as an 
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Abstract. A teak leaf waste/polyurethane composite has been made for particle-board 

application. Some fraction variations were performed on the use of polyurethane as a matrix 

with a range of 0.04-0.20 (w/w). Mechanical and physical properties have been tested on the 

composites produced. The test results showed the highest compressive strength of the sample 

reaches 38.5 MPa for polyurethane fraction of 0.14 (w/w). The composite has a density of 1261 

kg.m-3 which is in accordance with the result of density on teak. The physical properties have 

been also investigated and it was found that the lowest value of water absorption is 1.38%. This 

result indicated that composites can be used as an eco-friendly industrial scale instead of wood. 

Keywords: composite, polyurethane, teak leaf, mechanical properties. 

1.  Introduction 

In the last few decades, the wood demand in the world always grows with the total demand 

for 2020 is projected attain to 515 million m3 [1]. One of the most likely efforts to fulfill the 

high demand for wood is composite engineering. Composite engineering promises organic and 

inorganic waste utilization as a synthesized-material having excellent properties relating the 

woods, such as mechanical strength, water absorption and so on [2]–[6]. Furthermore, the 

composite engineering is also a solution for the raising of environment awareness caused by 

the high deforestation in several countries [2-3]. In addition, the utilization of natural waste and 



 

 

 

 

 

 

fibers for some composites has been widely studied and developed from various countries 

including Indonesia, Malaysia, Thailand, India, Brazil and Japan [2-4].  

 In recent years, the use of composites is very widespread in the electronics, automotive and 

aviation industries, construction field, multipurpose applications such as particle boards, energy 

storage, heat and electricity insulators, ship bodies and aircraft, organic field effect-transistors, 

antennas, etc. due to their high mechanical strength , good thermal stability, anti-corrosion, high 

dielectric constant, light weight and easy to produce large scale [7-13]. Some research relating 

to the polymers and plastics is focused on developing fibers, plastics, adhesives, composites, 

textiles, paper from renewable resources derived mostly from agricultural wastes containing 

lignocellulosic [4]. One of the efforts done is maximizing some natural fibers such as sisal, 

hemp, bamboo and agricultural wastes such as leaves, coconut fibers, rice husk, peanut shells 

and straw also can be used as composite reinforcements [5-6]. Most developing countries like 

Indonesia, some agricultural wastes usually are used for compost production. Composites of 

these natural fibers have several advantages such as being easy to process, environmentally, 

good acoustic properties, low energy processes, good mechanical and thermal properties, water 

resistance, non-corrosive, non-toxic and naturally degradable [7]. 

Further, several studies related to the leaves waste composites have been done, such as 

Masturi et al. developed composite from leaves waste and paper waste using polyvinyl acetate 

as matrix and the compressive strength reaches to 45.60 MPa [2]. Campanella et al. successfully 

made a composite of Northern Red Oak leaves with plant oil-based resins [6], while Thakur et 

al. have also developed biopolymer composite using ligno-cellulosic of Hibiscus Sabdariffa 

[14]. A different method has been performed by Nongman et al. having created a composite by 

lamination method of banana leaf fiber and adhesive [5]. Senthilkumar et al. were fabricated 

pineapple leaf fiber / Polyester composites which have a tensile strength reached to 33.13 MPa. 

Good mechanical properties related to the high content of cellulose in pineapple leaf fibers so 

that it can transfer a sizable load from the matrix to the fiber effectively [15]. In addition, 

Melkanu et al., have investigated the mechanical properties and water absorption in sisal / 

Polyester fiber composites with treated fibers and without alkaline sodium hydroxide treatment. 

Compressive strength in sisal fibers treated better than untreated fibers with low water 

absorption advantages [16]. 

In this work, we developed a composite of teak leaves waste with polyurethane matrix. The 

teak leaves have been chosen since its utilization only as compost having a low added value as 

well as its availability is very abundant in Indonesia. Polyurethane as a thermosetting polymer 



 

 

 

 

 

 

was selected owing does not melt when heated, more resistant to acids and bases, has a high 

adhesive power due to the presence of highly reactive isocyanate functional groups, has good 

erosion resistance so it can be used as an anti-erosion film and coating technology [17], has an 

isotropic and controllable electromagnetic response, and has a negative permittivity value 

which is potentially applied to the electronics field [18], [19]. Furthermore, the addition of 

nanoparticles in polyurethane can improve thermal stability and mechanical properties of 

composites. Polyuretane is also used as a textile coating on inkjet-printed flexible and washable 

field-effect transistors (FETs) on textile technology [20]. The aim of this study is to produce a 

Teak leaves waste composite having a high compressive strength and low water absorption 

making a chance to be used on an eco-friendly industrial scale. 

2.  Materials and Methods 

The teak leaves waste of Semarang Indonesia was used, while isocyanates and polyol as 

polyurethane (PU) polymerization materials were purchased in Multi Kimia Inc, Semarang, 

Indonesia.   

For first, the leaves waste was dried and crushed using a blender machine to form a powder. 

Then, the powder was sieved using 700 mesh. In the other hand, the isocyanates and polyol 

were mixed using magnetic stirrer for 5 minutes with ratio 1:1 to form polyurethane and mixed 

with the teak leaves waste powder with varied composition while the leaves teak powder was 

kept at 12 g weight. The PU/teak leaves waste mixture was stirred using mixer machine to 

homogenize the mixture, then pressed into a cylindrical mold at pressure of 5 MPa for 15 

minutes. Having been pressed, the composite was removed from the mold and dried for 24 

hours at room temperature. 

The investigation to the content of the teak leaves powder cellulose bonding to polyurethane 

and detecting spectral changes in teak leaves waste composite was performed using FTIR 

Spectrometer Frontier type (Perkin Elmer) in a spectral range of 400-4000 cm-1. Meanwhile, 

the identification of the mechanical properties was measured by a compressive strength test 

using Sociedad Espanola Anonima Ibertest instrument. In this test, the sample is cut into cubic 

shape and was measured using testing machine. In addition, to ensure the water resistance of 

the composite, the identification of the physical properties was performed by density 

measurement, further, water absorption test was done by soaking this sample in the water for 

24 h to obtain the weight of water absorbed into the composite compared to the initial weight. 

3.  Results and Discussion 



 

 

 

 

 

 

3.1.  Compressive Strength Test 

Teak leaves waste/polyurethane composite have been fabricated successfully as shown 

Figure 1.a. Figure 1.b. shows the effect of polyurethane addition on composite compressive 

strength. The highest compressive strength is achieved as 38.5 MPa for polyurethane fraction 

of 0.04 (w/w). This resulting strength is 86% higher than that of polyurethane fraction of 0.04 

(w/w). The increase in compressive strength is closely related to the interaction between the 

surface of the particles and the polymer. The composites with 0.04 and 0.08 (w/w) have 

relatively low compressive strength regarding there are still many teak leaf particles not binding 

to the polymer matrix due to. When the polyurethane fraction was added to 0.14 (w/w), the 

composite attains the highest compressive strength. This shows that all matrices of the polymer 

exactly interact with all the teak powder particles so that the composite becomes more compact 

and withstands higher loads such as the mechanisms in Figure 2. 

 

 

 

Figure 1.a Teak leaves waste/polyurethane composite, 1.b. Compressive strength of teak leave 

waste composite as polyurethane content (w/w) and the compressive strength attains 

at maximum for 0.14 fraction (w/w). 

 

Figure 2(a) illustrates the bonding of leaves teak particles and polyurethane polymers at a 

mass varied of 0.04-0.08 (w/w).  Preliminarily all polymer matrices are not filled by particles. 

Having been pressed to form a composite, some of the diffused particles do not bind to the 

a 
b 



 

 

 

 

 

 

matrix. The presence of leaf particles not binding to the matrix affects the ability of the 

composite in holding the load so it becomes easily fragile and broken. In Figure 2(b), a 

composite with polyurethane content of 0.14 (w/w) shows that all teak leaf particles are 

precisely bind to a polymer matrix, that is called as optimum fraction of polyurethane in this 

composite. This matrix bond is capable of forwarding the load in all directions so that the 

resulting composite is stronger and withstand maximum load [21]. This is as reported by Chen 

et al. in his research on composite polyurethane / Graphene Oxide (GO). The addition of GO 

in the Polyurethane matrix is spread uniformly and can improve the mechanical properties of 

the composite up to 167% [22]. Further, as Figure 2(c) the composites with a polyurethane 

content of 0.17-0.20 (w/w) show some parts of polyurethane not binding to the filler, so that 

many voids from polyurethane polymer appear and it result in the decreasing of the compressive 

strength [23-24]. 

 

Figure 2. Filler particle distribution scheme and polymer matrix. (a) low compressive strength, 

(b) high compressive strength, (c) low compressive strength 

Using the explanation above, the added mass of polyurethane can improve the composite 

compressive strength. However, the larger mass otherwise makes the reduction of compressive 

strength, as in Figure 1 the maximum strength is the composite with the polyurethane fraction 

of 0.14 (w/w). According to Jaya et al., polyurethane is a hydrophobic matrix and teak leaf 

powder is a hydrophilic filler so that when the polymer was added much more than the filler 

there will be a very poor adhesion force between surfaces [25]. Further, the raising of the 

  (a) (b) (c) 

 

 = Filler 

 

 = Matrix 



 

 

 

 

 

 

strength until certain fraction is related to the maximum contact amount between the polymer 

and solid waste particle [26]. 

The most important interaction in the composite is predominantly emerged between the 

polyurethane and the cellulose in teak leaves. According to Alemdar and Sain, the cellulose in 

plant fibers has important role in reinforcing material in composite applications [27]. The 

presence of cellulose in teak leaves can be investigated through the FTIR spectrum in Figure 

3. 

 Figure 3(a) and Figure 3(b) show the FTIR spectrum of the pure cellulose obtained from 

Ramirez-Flores et al. [28] and the teak leaves respectively, with the comparison can be shown 

in Table 1. The FTIR spectrum of pure cellulose and leaves teak powder cellulose’s has a 

significant difference at peak 1631 cm-1. The peak of 1631 cm-1 indicates absorption band of 

hydrogen forming a hydrogen bridge from hydroxyl groups and oxygen atoms from glucose 

monomer and usually found at a cellulose fiber [29]. The peak of 1631 cm-1 is not found at pure 

cellulose but it found at cellulose of natural fibers [30–33]. 

The peak of 2929 and 2300 cm-1 indicates a strong C-H bond in cellulose polymers [34]. 

While, peak of 3401 cm-1 shows the stretching of the O-H group bonds [35]. Further, the peak 

of 780 cm-1 and 1438 cm-1 shows the C-H bonds connecting the glucose units of cellulose. The 

peak at 1234 cm-1 indicates that there is a C-O-C group which is the structure of lignin. The 

absorption area occurring at 1076 cm-1 indicates the presence of a C-O bond in the cellulose 

component [25]. 

 



 

 

 

 

 

 

 

Figure 3. Spectrum of cellulose of: (a) pure cellulose obtained from Ramirez-Flores [13] b. 

cellulose of teak leaves powder in this work where many peaks of both celluloses 

have more similarities. 

 

Using the FTIR analysis, it can be shown that cellulose and lignin components are found in 

the teak leaves. This leave can compete the conventional fibers such as glass fiber regarding its 

high performance as reinforcing material for thermosetting and thermoplastic matrices with 

their naturally degradable superior properties [36]. 

Table 1. Comparison of the peak absorption at pure cellulose and cellulose of teak leaves 

powder 

 

The interaction arising between the teak leaves and the polymer is a van der Waals 

interaction. This interaction was confirmed by several FTIR spectrum shifts as shown in Figure 

Bond 
Wavenumber (cm-1) 

Pure cellulose (cm-1) [15] Cellulose of teak leaves powder (cm-1) 

O-H 3340 – 3500 3401  

C-H 2800 – 2920  2929  

C-O-C 1160  1233  

C-O 1035 – 1060  1075  

C=H 1400  1437 



 

 

 

 

 

 

4. The shifts in spectrum are appeared due to the vibrating atoms as a result of the energy of 

disruption of atoms closing each other. 

 

 

Figure 4. FTIR spectrum a. teak leaves, b. polyurethane, c. PU/teak leave composite 

 

Polyurethane has two functional groups, i.e. carbonyl and amine groups. The spectrum shift 

starts to occur of 3369 cm-1 to 3371 cm-1 indicates the O-H bond. This shift is due to the amine 

group of the polyurethane was disturbed by hydrogen bonding in the hydroxyl group of leaves 

and forming a hydrogen bridge [37]. Further, the shift of 2273 cm-1 to 2277 cm-1 shows the 

carbonyl group of polyurethane undergoes a spectral shift. This is due to the disturbance of the 

C-H leaves bonding to the carbonyl group forming the O-H bridges. The peak at 1598 cm-1 

shifting to 1599 cm-1 also indicates the amine group in polyurethane disturbed by the O-H bonds 

of the teak leaves. Furthermore, the shift also occurs at the carbonyl peak of 1083 cm-1 to 1082 

cm-1 due to disturbance of the leave's C-O bond of the peak of 1075 cm-1 (Figure 5). Similar 

results were confirmed by a previous work that PVA-sepiolite composite which derived its van 

der Waals interactions between silanol groups and carbon C-O and shifted from 1088 cm-1 to 

1085 cm-1 [38].  

 



 

 

 

 

 

 

Figure 5. Van Der Waals interactions on the teak leaf waste composites, dashed lines 

illustrate the Van der Waals interaction area of (a) CH and carbonyl group (b) OH 

and amine group, and (c) CO and carbonyl group. 

 

3.2.  Density Test 

Figure 6 shows the density of composite samples with polyurethane variation ranges from 

825 to 1261 kg.m-3. The density value is proportional to the increase in PU content. The lowest 

density value is found in the sample with a polyurethane fraction (w/w) of 0.04, while the 

highest density value is in the sample with 0.20 of polyurethane fraction (w/w). It can be 

explained when the polyurethane polymer content rises and the filler is fixed, then the number 

of link produced by the polymer increases. Hence, the increased links result in stronger bonds 

to bind the filler so that it gets closer and density increases [39]. 

The density in samples with a composition of 0.08 (w/w) accordance with teak wood that 

has been studied by Wahyudi et al., in the range of 1000-1200 kg m3 with an average value of 

1160 kg.m-3 [30]. In this study, the resulted-density value is higher than that of Martins et al. 

work producing particle board with density of 510 - 570 kg.m-3 [31]. The composites produced 

in this work have a similar density to the results of the Raju et al. producing some composites 

with densities ranging from 1100 to 1320 kg.m-3 [32]. Further, Butylina et al. have produced 

wood fibre-polypropylene composite having density ranged from 1040 to 1140 kg.m-3 [33]. 
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Figure 6. Composite density as polyurethane fraction (w/w) function 

 

The density data shows that this composite belong to the high-density particle board category 

because it has a density more than 0.80 g/cm3 in accordance with the standard designation 1554-

67 by American Society [40]. Additionally, the composite has also meet the Indonesia National 

Standard of 03-2105-2006 where particleboard density having values in the range of 400 - 900 

kg.m-3 [41].  

 

 

3.3.  Water Absorption 

Water absorption values were measured to determine the ability of teak leaf composite to 

absorb water after 24 hours of soaking. The highest water absorption rate reaches 107.35% in 

composites with a polyurethane fraction of 0.04 (w/w). After being immersed for 24 hours, the 

composite undergoes thick development until the composite becomes cracked and broken due 

to the cavity that appears between the matrix and the filler particles absorbs a lot of water and 

can further affect the stability of the dimensions of the composite. In addition, teak leaves as a 

hydrophilic filler also absorb a lot of water during immersion. 



 

 

 

 

 

 

 

Figure 7. Water absorption of composite tends to zero for larger polyurethane fraction (w/w) 

 

Figure 7 shows the water absorption value was decreasing with the increase of polyurethane 

fraction. Large fractions tend to produce composites with lower water absorption. the lowest 

water absorption was achieved in samples that had the most optimal compressive strength at 

fraction 0.14 (w/w). The cavity formed is very small because the pressing process in the 

fabrication of composites and filler particles is distributed evenly on the matrix so that only a 

little water is absorbed. 

The absorption value of the leaves teak waste composite produced is better than to that of 

several leaves waste composites having been developed by several authors, such as Al-

Sulaiman et al. produced palm fiber reinforced composites with the water absorption is between 

2.3 to 5.8% [42], and Batiancela et al. developed a wood particle from tea leaves waste and 

obtained the water absorption about 23-40% [43]. Therefore, in accordance to the several 

properties above, this composite has properness in competing the woods. 

4.  Conclusion 

We have successfully developed a Teak leaves-waste composite utilized as particleboard. 

The mechanical and physical properties of the composites have been investigated. The test 

results showed a composite compressive strength attains 38.5 MPa. The highest density is 1261 

kg.m-3 that is in accordance to the American Society standard. The lowest value of water 



 

 

 

 

 

 

absorption is 1.38%. In addition, we have successfully approximated the van der Waals 

interaction with the spectrum shifts of the FTIR spectroscopy as a confirmation of the 

compressive strength enhancement. However, the properties of organic composite are 

hygroscopic so they are vulnerable to being the target of fungal growth and susceptible to fire 

as an application in building fields. These problems will be focus of further research by applying 

coating technology approaches. 
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Abstract. A teak leaf waste/polyurethane composite has been made for particle-board 

application. Some fraction variations are performed on the use of polyurethane as a matrix with 

a range of 0.04-0.20 (w/w). Mechanical and physical properties have been tested on the 

composites produced. The test results showed the highest compressive strength of the sample 

reaches 38.5 MPa for polyurethane fraction of 0.14 (w/w). The composite has a density of 1261 

kg.m-3 which is in accordance with the result of density on teak. The physical properties have 

been also investigated and it was found that the lowest value of water absorption is 1.38%. This 

result indicated that composites can be used as an eco-friendly industrial scale instead of wood. 

Keywords: composite, polyurethane, teak leaf, mechanical properties. 

1.  Introduction 

In the last few decades, total global wood demand for 2020 is projected to reach 515 million 

m3 [1]. Composite technique is one of the possible ways to fulfill the demand. Composite 

engineering promises organic and inorganic waste utilization as a synthesized-material having 

excellent properties relating the woods, such as mechanical strength, water absorption, density, 

etc. [2-6]. Furthermore, the composite engineering is also a solution for the raising of 

environment awareness caused by the high deforestation in several countries [2-3]. In addition, 

the utilization of natural waste and fibers for some composites has been widely studied and 
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developed from various countries including Indonesia, Malaysia, Thailand, India, Brazil and 

Japan [2-4].  

 In recent years, the use of composites is very widespread in the electronics, automotive and 

aviation industries, construction field, multipurpose applications such as particle boards, energy 

storage, heat and electricity insulators, ship bodies and aircraft, organic field effect-transistors, 

antennas, etc. due to their high mechanical strength , good thermal stability, anti-corrosion, high 

dielectric constant, light weight and easy to produce large scale [7-13]. Several study about the 

polymers and plastics is focused on developing fibers, plastics, adhesives, composite textiles, 

paper from renewable resources derived mostly from agricultural wastes containing 

lignocellulosic [4]. Considering that agricultural waste is only used for compost production In 

most developing countries such as Indonesia, researcher also focused on utilization some 

natural fibers such as sisal, hemp, bamboo and agricultural wastes, e.g. leaves, coconut fibers, 

rice husk, peanut shells and straw as filler in polymer composite [5-6].Composites of these 

natural fibers have several advantages such as being easy to process, environmentally, good 

acoustic properties, low energy processes, good mechanical and thermal properties, water 

resistance, non-corrosive, non-toxic and naturally degradable [7]. 

Further, several studies related to the leaves waste composites have been done, such as 

Masturi et al. developed composite from leaves waste and paper waste using polyvinyl acetate 

as matrix and the compressive strength reaches to 45.60 MPa [2]. Campanella et al. successfully 

made a composite of Northern Red Oak leaves with plant oil-based resins [6], while Thakur et 

al. have also developed biopolymer composite using ligno-cellulosic of Hibiscus Sabdariffa 

[14]. A different method has been performed by Nongman et al. having created a composite by 

lamination method of banana leaf fiber and adhesive [5]. Senthilkumar et al. were fabricated 

pineapple leaf fiber / Polyester composites which have a tensile strength reached to 33.13 MPa. 

Good mechanical properties related to the high content of cellulose in pineapple leaf fibers 

which can transfer a sizable load from the matrix to the fiber effectively [15]. In addition, 

Melkanu et al., have investigated the mechanical properties and water absorption in sisal / 

Polyester fiber composites with treated fibers and without alkaline sodium hydroxide treatment. 

Compressive strength in sisal fibers treated better than untreated fibers with low water 

absorption advantages [16]. 

In this work, we developed a composite of teak leaves waste with polyurethane matrix. The 

teak leaves have been chosen since its utilization only as compost having a low added value as 

well as its availability is very abundant in Indonesia. Polyurethane as a thermosetting polymer 



 

 

 

 

 

 

was selected owing does not melt when heated, more resistant to acids and bases, has a high 

adhesive power due to the presence of highly reactive isocyanate functional groups, has good 

erosion resistance which can be used as an anti-erosion film and coating technology [17], has 

an isotropic and controllable electromagnetic response, and has a negative permittivity value 

which is potentially applied to the electronics field [18-19]. Furthermore, the addition of 

nanoparticles in polyurethane can improve thermal stability and mechanical properties of 

composites. Polyurethane is also used as a textile coating on inkjet-printed flexible and 

washable field-effect transistors (FETs) on textile technology [20]. The aim of this study is to 

produce a Teak leaves waste composite having a high compressive strength and low water 

absorption making a chance to be used on an eco-friendly industrial scale. 

2.  Materials and Methods 

The teak leaves waste of Semarang Indonesia was used, while isocyanates and polyol as 

polyurethane (PU) polymerization materials were purchased in Multi Kimia Inc, Semarang, 

Indonesia.   

For first, the leaves waste was dried and crushed using a blender machine to form a powder. 

Then, the powder was sieved using 700 mesh. In the other hand, the isocyanates and polyol 

were mixed using magnetic stirrer for 5 minutes with ratio 1:1 to form polyurethane and mixed 

with the teak leaves waste powder with varied composition while the leaves teak powder was 

kept at 12 g weight. The PU/teak leaves waste mixture was stirred using mixer machine to 

homogenize the mixture, then pressed into a cylindrical mold at pressure of 5 MPa for 15 

minutes. Having been pressed, the composite was removed from the mold and dried for 24 

hours at room temperature. 

The investigation to the content of the teak leaves powder cellulose bonding to polyurethane 

and detecting spectral changes in teak leaves waste composite was performed using FTIR 

Spectrometer Frontier type (Perkin Elmer) in a spectral range of 400-4000 cm-1. Meanwhile, 

the identification of the mechanical properties was measured by a compressive strength test 

using Sociedad Espanola Anonima Ibertest instrument. In this test, the sample is cut into cubic 

shape and was measured using testing machine. In addition, to ensure the water resistance of 

the composite, the identification of the physical properties was performed by density 

measurement, further, water absorption test was done by soaking this sample in the water for 

24 h to obtain the weight of water absorbed into the composite compared to the initial weight. 

Surface morphology has also been investigated using Phenom pro X desktop SEM with EDX 



 

 

 

 

 

 

with a current of 20 mA for 90 seconds. Samples were coated with gold (Au Pd) using the 

Quorum Sc7620 Sputter Coater tool. 

3.  Result and Discussion 

3.1.  Compressive Strength Test 

Teak leaves waste/polyurethane composite have been fabricated successfully as shown 

Figure 1.a. Figure 1.b. shows the effect of polyurethane addition on composite compressive 

strength. Composites 0.04 and 0.08 (w/w) have relatively low compressive strength because 

many teak leaves particles not binding to the polymer matrix. The highest compressive strength 

achieved 38.5 MPa for the polyurethane fraction 0.14 (w/w). The resulting strength is 86% 

higher than polyurethane fraction 0.04 (w/w) which is closely related to the interaction between 

the surface of the particles and the polymer as in Figure 2. In polyurethane fraction 0.14 (w/w), 

all polymer matrix exactly interact with all teak leaves particles, composite is more compact 

and can sustains a higher load. 

 

 

 

Figure 1.a Teak leaves waste/polyurethane composite, 1.b. Compressive strength of teak leave 

waste composite as polyurethane content (w/w) and the compressive strength attains 

at maximum for 0.14 fraction (w/w). 
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Figure 2(a) illustrates the bonding of leaves teak particles and mass varied of polyurethane 

polymers at 0.04-0.08 (w/w). When the mixture of filler and polymer is pressed to form a 

composite, the polyurethane polymer partially interacts with leaf particles and some particles 

diffuse which not interact with each other. It can act as cracking initiator and composite might 

be brittle. In Figure 2 (b), a composite 0.14 (w/w) is called the optimal fraction because all the 

teak leaves particles are precisely bound to the polymer matrix. The matrix bond forward load 

in all directions,  composite be stronger and resistant to the maximum load [21]. Chen et al. 

also reported in their research about composite polyurethane/graphene oxide (GO) where the 

addition of GO in the polyurethane matrix can improve the mechanical properties of the 

composite up to 167% [22]. Further, as Figure 2(c) the composites with a polyurethane content 

of 0.17-0.20 (w/w) show some parts of polyurethane not binding to the filler, appear many voids 

from polyurethane polymer and compressive strength decreases again [23-24]. 

 

Figure 2. Filler particle distribution scheme and polymer matrix. (a) low compressive strength, 

(b) high compressive strength, (c) low compressive strength 

 

Using the explanation above, the added mass of polyurethane can improve the composite 

compressive strength [25]. However, the larger of added polyurethane content can reduce the 

compressive strength. The compressive strength-produced does not increase continuously but 

reaches the maximum value as in Figure 1. According to Jaya et al., when the polymer was 

added much more than the filler there will be a very poor adhesion force between surfaces due 

to polyurethane is a hydrophobic matrix and teak leaves powder is a hydrophilic filler [25]. 

  (a) (b) (c) 
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Further, the raising of the strength until certain fraction is related to the maximum contact 

amount between the polymer and solid waste particle [26]. 

The most important interaction in the composite is predominantly emerged between the 

polyurethane and the cellulose in teak leaves. According to Alemdar and Sain, the cellulose in 

plant fibers has important role in reinforcing material composite applications [27]. The presence 

of cellulose in teak leaves can be investigated through the FTIR spectrum in Figure 3. 

 Figure 3(a) and Figure 3(b) show the FTIR spectrum of the pure cellulose obtained from 

Ramirez-Flores et al. [28] and the teak leaves respectively, with the comparison can be shown 

in Table 1. The FTIR spectrum of pure cellulose and leaves teak powder celluloses has a 

significant difference at peak 1631 cm-1. The peak of 1631 cm-1 indicates absorption band of 

hydrogen forming a hydrogen bridge from hydroxyl groups and oxygen atoms from glucose 

monomer and usually found at a cellulose fiber [29]. The peak of 1631 cm-1 is not found at pure 

cellulose but it found at cellulose of natural fibers [30–33]. 

The peak of 2929 and 2300 cm-1 indicates a strong C-H bond in cellulose polymers [34]. 

While, peak of 3401 cm-1 shows the stretching of the O-H group bonds [35]. Further, the peak 

of 780 cm-1 and 1438 cm-1 shows the C-H bonds connecting the glucose units of cellulose. The 

peak at 1234 cm-1 indicates that there is a C-O-C group which is the structure of lignin. The 

absorption area occurring at 1076 cm-1 indicates the presence of a C-O bond in the cellulose 

component [25]. 

 



 

 

 

 

 

 

 

Figure 3. Spectrum of cellulose of: (a) pure cellulose obtained from Ramirez-Flores [13] b. 

cellulose of teak leaves powder in this work where many peaks of both celluloses 

have more similarities. 

 

Using the FTIR analysis, it can be shown that cellulose and lignin components are found in 

the teak leaves. This leave can compete the conventional fiber such as glass fiber regarding its 

high performance as reinforcing material for thermosetting and thermoplastic matrices with 

their naturally degradable superior properties [36]. 

Table 1. Comparison of the peak absorption at pure cellulose and cellulose of teak leaves 

powder 

 

The interaction arising between the teak leaves and the polymer is a van der Waals 

interaction. This interaction was confirmed by several FTIR spectrum shifts as shown in Figure 

Bond 
Wavenumber (cm-1) 

Pure cellulose (cm-1) [15] Cellulose of teak leaves powder (cm-1) 

O-H 3340 – 3500 3401  

C-H 2800 – 2920  2929  

C-O-C 1160  1233  

C-O 1035 – 1060  1075  

C=H 1400  1437 



 

 

 

 

 

 

4. The shifts in spectrum are appeared due to the vibrating atoms as a result of the energy of 

disruption of atoms closing each other. 

 

 

Figure 4. FTIR spectrum a. teak leaves, b. polyurethane, c. PU/teak leave composite 

 

Polyurethane has two functional groups, i.e. carbonyl and amine groups. The spectrum shift 

starts to occur of 3369 cm-1 to 3371 cm-1 indicates the O-H bond. This shift is due to the amine 

group of the polyurethane was disturbed by hydrogen bonding in the hydroxyl group of leaves 

and forming a hydrogen bridge [37]. Further, the shift of 2273 cm-1 to 2277 cm-1 shows the 

carbonyl group of polyurethane undergoes a spectral shift. This is due to the disturbance of the 

C-H leaves bonding to the carbonyl group forming the O-H bridges. The peak at 1598 cm-1 

shifting to 1599 cm-1 also indicates the amine group in polyurethane disturbed by the O-H bonds 

of the teak leaves. Furthermore, the shift also occurs at the carbonyl peak of 1083 cm-1 to 1082 

cm-1 due to disturbance of the leave's C-O bond of the peak of 1075 cm-1 (Figure 5). Similar 

results were confirmed by a previous work that PVA-sepiolite composite which derived its van 

der Waals interactions between silanol groups and carbon C-O and shifted from 1088 cm-1 to 

1085 cm-1 [38].  

 



 

 

 

 

 

 

Figure 5. Van Der Waals interactions on the teak leaf waste composites, dashed lines 

illustrate the Van der Waals interaction area of (a) CH and carbonyl group (b) OH 

and amine group, and (c) CO and carbonyl group. 

 

3.2.  Density Test 

Figure 6 shows the density of composite samples with polyurethane variation ranges from 

825 to 1261 kg.m-3. Considering that the interpretation data shows a coefficient of determination 

of 91.15%, there is a linear relationship between the amount of polyurethane and the density of 

the composite. Similar results were obtained by Afzaludin et al. on sugar palm / glass fiber 

reinforced thermoplastic polyurethane [39]. The lowest density value is found in the sample 

with a polyurethane fraction (w/w) of 0.04, while the highest density value is in the sample with 

0.20 of polyurethane fraction (w/w). It can be explained when the polyurethane polymer content 

rises and the filler is fixed, then the number of links produced by the polymer increases. Hence, 

the increased links result in stronger bonds to bind the filler which can increase the density [40]. 

The density in samples with a composition of 0.08 (w/w) accordance with teak wood that 

has been studied by Wahyudi et al., in the range of 1000-1200 kg m-3 with an average value of 

1160 kg.m-3 [30]. In this study, the resulted-density value is higher than the research of  Martins 

et al. producing particle board with density of 510 - 570 kg.m-3 [31]. The composites produced 

in this work have a similar density to the results of the Raju et al. producing some composites 

with densities ranging from 1100 to 1320 kg.m-3 [32]. Further, Butylina et al. have produced 

wood fibre-polypropylene composite having density ranged from 1040 to 1140 kg.m-3 [33]. 
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Figure 6. Composite density as polyurethane fraction (w/w) function 

 

The density data shows that this composite belong to the high-density particle board category 

due to has a density more than 0.80 g/cm3 in accordance with the standard designation 1554-67 

by American Society [41]. Additionally, the composite has also meet the Indonesia National 

Standard of 03-2105-2006 where particleboard density having values in the range of 400 - 900 

kg.m-3 [42].  

3.3.  Water Absorption 

Figure 6 shows the density of composite samples with polyurethane variation ranges from 

825 to 1261 kg.m-3. Considering the interpretation data showing a coefficient of determination, 

R^2=0.91157, there is a linear relationship between the polyurethane content and the composite 

density. Similar results were obtained by Afzaludin et al. on sugar palm / glass fiber reinforced 

thermoplastic polyurethane [38]. The lowest density value is found in the sample with a 

polyurethane fraction (w/w) of 0.04, while the highest density value is in the sample with 0.20 

of polyurethane fraction (w/w). It can be explained when the polyurethane polymer content 

rises and the filler is fixed, then the number of links produced by the polymer increases. Hence, 

the increased links result in stronger bonds to bind the filler which can increase the density [39]. 



 

 

 

 

 

 

The density in samples with a composition of 0.08 (w/w) accordance with teak wood that 

has been studied by Wahyudi et al., in the range of 1000-1200 kg m-3 with an average value of 

1160 kg.m-3 [29]. In this study, the resulted-density value is higher than the result of  Martins 

et al. producing particle board with density of 510 - 570 kg.m-3 [30]. The composites produced 

in this work have a similar density to the results of the Raju et al. producing some composites 

with densities ranging from 1100 to 1320 kg.m-3 [31]. Further, Butylina et al. have produced 

wood fibre-polypropylene composite having density ranged from 1040 to 1140 kg.m-3 [32]. 

 

 

Figure 6. Composite density as polyurethane fraction (w/w) function, and it was linearity 

relation as; y=2.6378x+0.7855, where x and y are polyurethane fraction and composite density 

respectively, with R^2=0.91157. 

 

The density data shows that this composite belong to the high-density particle board category 

due to has a density more than 0.80 g/cm3 in accordance with the standard designation 1554-

67 by American Society [40]. Additionally, the composite has also meet the Indonesia National 

Standard of 03-2105-2006 where particleboard density having values in the range of 400 - 900 

kg.m-3 [41]. 

3.4.  Scanning Electron Microscopy 



 

 

 

 

 

 

Morphological structure using SEM from composites 0.04; 0.12; 0.20 (w/w) was shown in 

Figure 8. There is a cavity or gap between the filler mixture and the matrix. Based on data 

analysis, the gap value between molecules in the composite 0.04 (w/w) is 13 µm. The low 

concentration of filler results in agglomeration in certain parts and gaps between the mixture 

appear large enough which can act as cause of cracking and breakage when subjected to a load 

[45]. This was confirmed by the compressive strength and density results on the composite 0.04 

(w/w) resulting in the lowest compressive strength and density. The resulting gap will be 

narrower when the concentration of polyurethane polymers higher and the density increase [46]. 

The gap value in the composite 0.12 (w/w) is 4.65 µm and decrease when the polyurethane 

concentration increases which the gap distance 2.96 µm in the composite 0.20 (w/w). The 

morphological structure of the composite accordance with the trends obtained when measuring 

the density value of the sample. The hydroxyl group in cellulose plays an important role in the 

mechanism of forming bonds between molecules with polymer chains [47]. Interaction between 

cellulose molecules and polyurethane polymers which can increase the density and decrease 

the gap between the filer and the polymer [46]. 

        
 

Figure 8. SEM of composite (a) 0.04 (w/w); (b) 0.12 (w/w); (c) 0.20 (w/w). 

 

4.  Conclusion 

We have successfully developed a Teak leaves-waste composite utilized as particleboard. 

The mechanical and physical properties of the composites have been investigated. The test 

results showed a composite compressive strength attains 38.5 MPa. The highest density is 1261 

kg.m-3 that is in accordance to the American Society standard. The lowest value of water 

absorption is 1.38%. In addition, we have successfully approximated the van der Waals 

interaction with the spectrum shifts of the FTIR spectroscopy as a confirmation of the 

compressive strength enhancement. Morphological structure shows that the gap between 

mixture decreases as the polyurethane fraction increases according to the density of the 



 

 

 

 

 

 

composite. However, the properties of organic composite are hygroscopic so they are 

vulnerable to being the target of fungal growth and susceptible to fire as an application in 

building fields. These problems will be focus of further research by applying coating technology 

approaches. 
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Abstract. A teak leaf waste/polyurethane composite has been made for particle-board 

application. Some fraction variations are performed on the use of polyurethane as a matrix with 

a range of 0.04-0.20 (w/w). Mechanical and physical properties have been tested on the 

composites produced. The test results showed the highest compressive strength of the sample 

reaches 38.5 MPa for polyurethane fraction of 0.14 (w/w). The composite has a density of 1261 

kg.m-3 which is in accordance with the result of density on teak. The physical properties have 

been also investigated and it was found that the lowest value of water absorption is 1.38%. This 

result indicated that the composites-produced are potentially to replace wood raw material in 

eco-friendly industrial scale. 

Keywords: composite, polyurethane, teak leaf, mechanical properties. 

1.  Introduction 

In the last few decades, total global wood demand for 2020 is projected to reach 515 million 

m3 [1]. Composite technique is one of the possible ways to fulfill the demand. Composite 

engineering promises organic and inorganic waste utilization as a synthesized-material having 

excellent properties relating the woods, such as mechanical strength, water absorption, density, 

etc. [2-6]. Furthermore, the composite engineering is also a solution for the raising of 
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environment awareness caused by the high deforestation in several countries [2-3]. In addition, 

the utilization of natural waste and fibers for some composites has been widely studied and 

developed from various countries including Indonesia, Malaysia, Thailand, India, Brazil and 

Japan [2-4].  

 In recent years, the use of composites is very widespread in the electronics, automotive and 

aviation industries, construction field, multipurpose applications such as particle boards, energy 

storage, heat and electricity insulators, ship bodies and aircraft, organic field effect-transistors, 

antennas, etc. due to their high mechanical strength , good thermal stability, anti-corrosion, high 

dielectric constant, light weight and easy to produce large scale [7-13]. Several study about the 

polymers and plastics is focused on developing fibers, plastics, adhesives, composite textiles, 

paper from renewable resources derived mostly from agricultural wastes containing 

lignocellulosic [4]. Considering that agricultural waste is only used for compost production In 

most developing countries such as Indonesia, researcher also focused on utilization some 

natural fibers such as sisal, hemp, bamboo and agricultural wastes, e.g. leaves, coconut fibers, 

rice husk, peanut shells and straw as filler in polymer composite [5-6].Composites of these 

natural fibers have several advantages such as being easy to process, environmentally, good 

acoustic properties, low energy processes, good mechanical and thermal properties, water 

resistance, non-corrosive, non-toxic and naturally degradable [7]. 

Further, several studies related to the leaves waste composites have been done, such as 

Masturi et al. developed composite from leaves waste and paper waste using polyvinyl acetate 

as matrix and the compressive strength reaches to 45.60 MPa [2]. Campanella et al. successfully 

made a composite of Northern Red Oak leaves with plant oil-based resins [6], while Thakur et 

al. have also developed biopolymer composite using ligno-cellulosic of Hibiscus Sabdariffa 

[14]. A different method has been performed by Nongman et al. having created a composite by 

lamination method of banana leaf fiber and adhesive [5]. Senthilkumar et al. have fabricated 

pineapple leaf fiber / Polyester composites which have a tensile strength reached to 33.13 MPa. 

Good mechanical properties related to the high content of cellulose in pineapple leaf fibers 

which can transfer a sizable load from the matrix to the fiber effectively [15]. In addition, 

Melkanu et al., have investigated the mechanical properties and water absorption in sisal / 

Polyester fiber composites with treated fibers and without alkaline sodium hydroxide treatment. 

Compressive strength in sisal fibers treated better than untreated fibers with low water 

absorption advantages [16]. 



 

 

 

 

 

 

In this work, we developed a composite of teak leaves waste with polyurethane matrix. The 

teak leaves have been chosen since its utilization only as compost having a low added value as 

well as its availability is very abundant in Indonesia. Polyurethane as a thermosetting polymer 

was selected because it does not melt when heated, more resistant to acids and bases, has a high 

adhesive power due to the presence of highly reactive isocyanate functional groups, has good 

erosion resistance which can be used as an anti-erosion film and coating technology [17], has 

an isotropic and controllable electromagnetic response, and has a negative permittivity value 

which is potentially applied to the electronics field [18-19]. Furthermore, the addition of 

nanoparticles in polyurethane can improve thermal stability and mechanical properties of 

composites. Polyurethane is also used as a textile coating on inkjet-printed flexible and 

washable field-effect transistors (FETs) on textile technology [20]. The aim of this study is to 

produce a Teak leaves waste composite having a high compressive strength and low water 

absorption making a chance to be used on an eco-friendly industrial scale. 

2.  Materials and Methods 

The teak leaves waste of Semarang Indonesia was used, while isocyanates and polyol as 

polyurethane (PU) polymerization materials were purchased in Multi Kimia Inc, Semarang, 

Indonesia.   

For first, the leaves waste was dried and crushed using a blender machine to form a powder. 

Then, the powder was sieved using 700 mesh. In the other hand, the isocyanates and polyol 

were mixed using magnetic stirrer for 5 minutes with ratio 1:1 to form polyurethane and mixed 

with the teak leaves waste powder with varied composition while the leaves teak powder was 

kept at 12 g weight. The PU/teak leaves waste mixture was stirred using mixer machine to 

homogenize the mixture, then pressed into a cylindrical mold at pressure of 5 MPa for 15 

minutes. Having been pressed, the composite was removed from the mold and dried for 24 

hours at room temperature. 

The investigation to the content of the teak leaves powder cellulose bonding to polyurethane 

and detecting spectral changes in teak leaves waste composite was performed using FTIR 

Spectrometer Frontier type (Perkin Elmer) in a spectral range of 400-4000 cm-1. Meanwhile, 

the identification of the mechanical properties was measured by a compressive strength test 

using Sociedad Espanola Anonima Ibertest Instrument with maximum force of 250 kN and 

speeds of movements was 0.05 kN/s. In this test, the sample is cut into cubic shape and was 

measured using testing machine. In addition, to ensure the water resistance of the composite, 

the identification of the physical properties was performed by density measurement, further, 



 

 

 

 

 

 

water absorption test was done by soaking this sample in the water for 24 h to obtain the weight 

of water absorbed into the composite compared to the initial weight. Surface morphology has 

also been investigated using Phenom pro X desktop SEM with EDX with a current of 20 mA 

for 90 seconds. Samples were coated with gold (Au Pd) using the Quorum Sc7620 Sputter 

Coater tool. 

3.  Result and Discussion 

3.1.  Compressive Strength Test 

Teak leaves waste/polyurethane composite have been fabricated successfully as shown 

Figure 1.a. Figure 1.b. shows the effect of polyurethane addition on composite compressive 

strength. Composites 0.04 and 0.08 (w/w) have relatively low compressive strength because 

many teak leaves particles not binding to the polymer matrix. The highest compressive strength 

achieved 38.5 MPa for the polyurethane fraction 0.14 (w/w). The resulting strength is 86% 

higher than polyurethane fraction 0.04 (w/w) which is closely related to the interaction between 

the surface of the particles and the polymer as in Figure 2. In polyurethane fraction 0.14 (w/w), 

all polymer matrix exactly interact with all teak leaves particles, composite is more compact 

and can sustains a higher load. 

 

Figure 1.a Teak leaves waste/polyurethane composite, 1.b. Compressive strength of teak leave 

waste composite as polyurethane content (w/w) and the compressive strength attains 

at maximum for 0.14 fraction (w/w). 

a 
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Figure 2(a) illustrates the bonding of leaves teak particles and mass varied of polyurethane 

polymers at 0.04-0.08 (w/w). When the mixture of filler and polymer is pressed to form a 

composite, the polyurethane polymer partially interacts with leaf particles and some particles 

diffuse which not interact with each other. It can act as cracking initiator and composite might 

be brittle. The addition of polyurethane content at 0.12-0.14 (w/w) can improve the composite 

compressive strength. As shown in Figure 2 (b), a composite 0.14 (w/w) is called the optimal 

fraction because all the teak leaves particles are precisely bound to the polymer matrix. The 

matrix bond forward load in all directions,  composite be stronger and resistant to the maximum 

load [21]. However, the compressive strength-produced does not increase continuously but 

reaches the maximum value. Further, as Figure 2(c) the composites with a polyurethane content 

of 0.17-0.20 (w/w) show some parts of polyurethane not binding to the filler, appear many voids 

from polyurethane polymer, teak leaves would tend to agglomerate and not bond properly 

which can reduce compressive strength [23-24]. According to Jaya et al., when the polymer 

was added much more than the filler there will be a very poor adhesion force between surfaces 

due to polyurethane is a hydrophobic matrix and teak leaves powder is a hydrophilic filler [24]. 

Further, the raising of the strength until certain fraction is related to the maximum contact 

amount between the polymer and solid waste particle [25]. 

 

Figure 2. Schematic of the particle distribution of filler and polymer matrix. (a) low 

compressive strength, (b) high compressive strength, (c) low compressive strength 

  (a) (b) (c) 
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The most important interaction in the composite is predominantly emerged between the 

polyurethane and the cellulose in teak leaves. According to Alemdar and Sain, the cellulose in 

plant fibers has important role in reinforcing material composite applications [26]. The presence 

of cellulose in teak leaves can be investigated through the FTIR spectrum in Figure 3. 

 Figure 3(a) and Figure 3(b) show the FTIR spectrum of the pure cellulose obtained from 

Ramirez-Flores et al. [27] and the teak leaves respectively, with the comparison can be shown 

in Table 1. The FTIR spectrum of pure cellulose and leaves teak powder celluloses has a 

significant difference at peak 1631 cm-1. The peak of 1631 cm-1 indicates absorption band of 

hydrogen forming a hydrogen bridge from hydroxyl groups and oxygen atoms from glucose 

monomer and usually found at a cellulose fiber [28]. The peak of 1631 cm-1 is not found at pure 

cellulose but it found at cellulose of natural fibers [30–33]. 

The peak of 2929 and 2300 cm-1 indicates a strong C-H bond in cellulose polymers [33]. 

While, peak of 3401 cm-1 shows the stretching of the O-H group bonds [34]. Further, the peak 

of 780 cm-1 and 1438 cm-1 shows the C-H bonds connecting the glucose units of cellulose. The 

peak at 1234 cm-1 indicates that there is a C-O-C group which is the structure of lignin. The 

absorption area occurring at 1076 cm-1 indicates the presence of a C-O bond in the cellulose 

component [24]. 

Using the FTIR analysis, it can be shown that cellulose and lignin components are found in 

the teak leaves. This leave can compete the conventional fiber such as glass fiber regarding its 

high performance as reinforcing material for thermosetting and thermoplastic matrices with 

their naturally degradable superior properties [35]. 

     



 

 

 

 

 

 

 

Figure 3. Spectrum of cellulose of: (a) pure cellulose obtained from Ramirez-Flores [13] b. 

cellulose of teak leaves powder in this work where many peaks of both celluloses 

have more similarities. 

Table 1. Comparison of the peak absorption at pure cellulose and cellulose of teak leaves 

powder 

 

The interaction arising between the teak leaves and the polymer is a van der Waals 

interaction. This interaction was confirmed by several FTIR spectrum shifts as shown in Figure 

4. The shifts in spectrum are appeared due to the vibrating atoms as a result of the energy of 

disruption of atoms closing each other. 

Bond 
Wavenumber (cm-1) 

Pure cellulose (cm-1) [15] Cellulose of teak leaves powder (cm-1) 

O-H 3340 – 3500 3401  

C-H 2800 – 2920  2929  

C-O-C 1160  1233  

C-O 1035 – 1060  1075  

C=H 1400  1437 



 

 

 

 

 

 

 

 

Figure 4. FTIR spectrum a. teak leaves, b. polyurethane, c. PU/teak leave composite 

 

Polyurethane has two functional groups, i.e. carbonyl and amine groups. The spectrum shift 

starts to occur of 3369 cm-1 to 3371 cm-1 indicates the O-H bond. This shift is due to the amine 

group of the polyurethane was disturbed by hydrogen bonding in the hydroxyl group of leaves 

and forming a hydrogen bridge [36]. Further, the shift of 2273 cm-1 to 2277 cm-1 shows the 

carbonyl group of polyurethane undergoes a spectral shift. This is due to the disturbance of the 

C-H leaves bonding to the carbonyl group forming the O-H bridges. The peak at 1598 cm-1 

shifting to 1599 cm-1 also indicates the amine group in polyurethane disturbed by the O-H bonds 

of the teak leaves. Furthermore, the shift also occurs at the carbonyl peak of 1083 cm-1 to 1082 

cm-1 due to disturbance of the leave's C-O bond of the peak of 1075 cm-1 (Figure 5). Similar 

results were confirmed by a previous work that PVA-sepiolite composite which derived its van 

der Waals interactions between silanol groups and carbon C-O and shifted from 1088 cm-1 to 

1085 cm-1 [37].  

 



 

 

 

 

 

 

Figure 5. Van Der Waals interactions on the teak leaf waste composites, dashed lines 

illustrate the Van der Waals interaction area of (a) CH and carbonyl group (b) OH 

and amine group, and (c) CO and carbonyl group. 

 

3.2.  Density Test 

Figure 6 shows the density of composite samples with polyurethane variation ranges from 

825 to 1261 kg.m-3. Considering the interpretation data showing a coefficient of determination, 

𝑅2 = 0.91157, there is a linear relationship between the polyurethane content and the 

composite density. Similar results were obtained by Afzaludin et al. on sugar palm / glass fiber 

reinforced thermoplastic polyurethane [38]. The lowest density value is found in the sample 

with a polyurethane fraction (w/w) of 0.04, while the highest density value is in the sample with 

0.20 of polyurethane fraction (w/w). It can be explained when the polyurethane polymer content 

rises and the filler is fixed, then the number of links produced by the polymer increases. Hence, 

the increased links result in stronger bonds to bind the filler which can increase the density [39]. 

The density in samples with a composition of 0.08 (w/w) accordance with teak wood that 

has been studied by Wahyudi et al., in the range of 1000-1200 kg m-3 with an average value of 

1160 kg.m-3 [29]. In this study, the resulted-density value is higher than the result of  Martins 

et al. producing particle board with density of 510 - 570 kg.m-3 [30]. The composites produced 

in this work have a similar density to the results of the Raju et al. producing some composites 

with densities ranging from 1100 to 1320 kg.m-3 [31]. Further, Butylina et al. have produced 

wood fibre-polypropylene composite having density ranged from 1040 to 1140 kg.m-3 [32]. 
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Figure 6. Composite density as polyurethane fraction (w/w) function, and it was linearity 

relation as; 𝑦 = 2.6378𝑥 + 0.7855, where x and y are polyurethane fraction and composite 

density respectively, with 𝑅2 = 0.91157. 

 

The density data shows that this composite belong to the high-density particle board category 

due to has a density more than 0.80 g/cm3 in accordance with the standard designation 1554-67 

by American Society [40]. Additionally, the composite has also meet the Indonesia National 

Standard of 03-2105-2006 where particleboard density having values in the range of 400 - 900 

kg.m-3 [41].  

3.3.  Water Absorption 

Water absorption values were measured to determine the ability of teak leaf composite to 

absorb water after 24 hours of soaking. The highest water absorption rate reaches 107.35% in 

composites with a polyurethane fraction of 0.04 (w/w). After being immersed for 24 hours, the 

composite undergoes thick development until the composite becomes cracked and broken due 

to the cavity that appears between the matrix and the filler particles absorbs a lot of water and 

can further affect the stability of the dimensions of the composite. In addition, teak leaves as a 

hydrophilic filler also absorb a lot of water during immersion. 



 

 

 

 

 

 

 

Figure 7. Water absorption of composite tends to zero for larger polyurethane fraction (w/w) 

 

Figure 7 shows the water absorption value was decreasing with the increase of polyurethane 

fraction. At high fractions, it tends to produce composites with lower water absorption. the 

lowest water absorption was achieved in samples having the most optimal compressive strength 

at fraction 0.14 (w/w). The cavity formed is very small because the pressing process in the 

fabrication of composites and filler particles is distributed evenly on the matrix and absorbed a 

little water.  

The absorption value of the leaves teak waste composite produced is better than to that of 

several leaves waste composites has been developed by several authors, such as Al-Sulaiman 

et al. produced palm fiber reinforced composites with the water absorption is between 2.3 to 

5.8% [42], and Batiancela et al. developed a wood particle from tea leaves waste and obtained 

the water absorption about 23-40% [43]. Therefore, in accordance to the several properties 

above, this composite has properness in competing the woods. 

3.4.  Scanning Electron Microscopy 

Morphological structure using SEM from composites 0.04; 0.12; 0.20 (w/w) are shown in 

Figure 8. There is a cavity between the filler mixture and the matrix. Based on data analysis, 

the gap value between molecules in the composite 0.04 (w/w) is 13µm. The low concentration 

of filler results in agglomeration in certain parts and gaps between the mixture appear large 



 

 

 

 

 

 

enough which can act as cause of cracking and breakage when subjected to a load [44]. This 

was confirmed by the compressive strength and density results on the composite 0.04 (w/w) 

resulting in the lowest compressive strength and density. The resulting gap will be narrower 

when the concentration of polyurethane polymers higher and the density increase [45]. The gap 

value in the composite 0.12 (w/w) is 4.65 µm and decreases when the polyurethane 

concentration increases which the gap distance 2.96 µm in the composite 0.20 (w/w). The 

morphological structure of the composite accordance with the trends obtained when measuring 

the density value of the sample. The hydroxyl group in cellulose plays an important role in the 

mechanism of forming bonds between molecules with polymer chains [46]. Interaction between 

cellulose molecules and polyurethane polymers which can increase the density and decreases 

the gap between the filler and the polymer [45]. 

 

        
 

Figure 8. SEM of composite (a) 0.04 (w/w); (b) 0.12 (w/w); (c) 0.20 (w/w). 

 

4.  Conclusion 

We have successfully developed a Teak leaves-waste composite utilized as particleboard. 

The mechanical and physical properties of the composites have been investigated. The test 

results showed a composite compressive strength attains 38.5 MPa. The highest density is 1261 

kg.m-3 that is in agreement to the American Society standard. The lowest value of water 

absorption is 1.38%. In addition, we have successfully approximated the van der Waals 

interaction with the spectrum shifts of the FTIR spectroscopy as a confirmation of the 

compressive strength enhancement. Morphological structure shows that the gap between 

mixture decreases as the polyurethane fraction increases according to the density of the 

composite. However, the properties of organic composite are hygroscopic so they are 

vulnerable to being the target of fungal growth and susceptible to fire as an application in 



 

 

 

 

 

 

building fields. These problems will be focus of further research by applying coating technology 

approaches. 
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When the mixture of filler and 
polymer is pressed to form a 
composite, the polyurethane polymer 
partially interacts with leaf particles, 
and another particles diffuse out and do 
not result in polyurethane-leaf particle 
interaction."
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