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ABSTRACT  

Fan palm is wood fibre that is been proposed as a possible replacement for steel in construction 

works, especially in concrete. Concrete is an alkaline environment. An environment that is capable of 

attacking some chemical compounds of fan palm and causes reduction in its strength, ductility, and 

some other engineering properties of the fan palm. Knowing the chemical composition of the organic 

compounds of fan palm will facilitate the methods to be adopted to protect fan palm in this severe 

environment.  In this study, fan palm were grinded to powder form then dissolved to solution form 

using N-ezane solution. Thereafter, injected into MSD scan machine that is connected to a computer 

that contains files of the known organic compounds. The result show that fan palm contains organic 

compounds with cellulose 46.82%, hemi-cellullose 25.7 0%, lignin 22.46 % and extractives 5.02 %.  
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1.  INTRODUCTION 

 

The engineering use of fan palm as a reinforcing material in fibre concrete is 

undergoing research. Fan palm is wood fibre of natural vegetable origin. Fibers are a class of 

hair-like materials that are continuous filaments or are in discrete elongated pieces, similar to 

pieces of thread. They can be spun into filaments, thread, or rope. They can be used as a 

component of composite materials. They can also be matted into sheets to make products such 

http://en.wikipedia.org/wiki/Material
http://en.wikipedia.org/wiki/Yarn
http://en.wikipedia.org/wiki/Rope
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as paper or felt. Fibers are of three types: natural fiber which consists of animal and plant 

fibres and manmade fibre which consists of synthetic fibres and regenerated fibres. The 

earliest evidence for humans using fibers is the discovery of wool and dyed flax fibers found 

in a prehistoric cave in the Republic of Georgia that date back to 36,000 BP  (Gram, 1983). 

Natural fibers are made from plant, animal and mineral sources. Natural fibers can be 

classified according to their origin (vegetable fibres and animal fibre). Vegetable fibers are 

generally composed mainly of cellulose: examples include cotton, jute, flax, ramie, sisal, and 

hemp (Balter, 2009). Animal fibers generally comprise proteins such as collagen, keratin and 

fibroin; examples include silk, sinew, wool, catgut, angora, mohair and alpaca. Animal fibres 

are sub classified thus:  

i) Animal hair (wool or hairs) fibre: Fiber or wool taken from animals or hairy mammals. 

e. g. sheep's wool, goat hair (cashmere, mohair), alpaca hair, horse hair et c. 

ii) Silk fiber: Fiber secreted by glands (often located near the mouth) of insects during the 

preparation of cocoons. 

(iii) Avian fiber: Fibers from birds, e.g. feathers and feather fiber. 

 

Natural fibres are prospective reinforcement material and their use until now has been 

more traditional than technical. They have long served many useful purposes but the 

application of materials technology for the utilization of natural fibres as reinforcement in 

concrete has only taken place in comparatively recent years. The distinctive properties of 

natural fibre reinforced concrete are improved tensile and bending strength, greater ductility 

and greater resistance to cracking and hence improved impact strength and toughness (Toledo 

et al., 2000).  

 
Table 1. Properties of some natural vegetable fibres. 

PROPERTIES 

 

 

 

SEED         

FRUIT 

FIBRE       

FIBRE 

LEAF 

FIBRES 

Sisal 

BAST/ 

STEM 

FIBRES 

Jute 

               WOOD FIBRES 

Coir 

 

 

Palm 

kernel 

Bagasse Bamboo Fan palm 

        

Length (mm) 37.5 10-25 20-30 180-900 26 2.7 37.5-40.0 

Average diameter 

(mm) 

0.241 0.22 0.5 0.1-0.2 0.03 - - 

Specific gravity 1.35 1.25 0.6-0.8 1.02-1.04 1.25 0.6-0.8 1.49 

Water absorption (%) 66.50 63.2 30 25-40 78.5 35 19 

Moisture content (%) - - 18 - 12.1 - 25.92 

Ultimate tensile 

(N/mm
2
)                      

56.0- 

71.70 

 

44-65.0 449.0 250-350 196.4 47-173 72-134.6 

Modulus of elasticity 

(kN/mm
2
) 

2.04 19-24.4 14.9 26-32 16.90 8.7-27.7 0.33-1.63 

Bond strength 

(N/mm
2
) 

- - - - 0.84 0.24-

1.47 

0.33-1.63 

Source: Gram (1983) 
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Besides its ability to sustain loads, natural fibre reinforced concrete is also required to 

be durable. Durability relates to its resistance to deterioration resulting from external causes 

as well as internal causes (Aziz et al., 1984). 

Vegetable fibres are of different types but Sera et al. (1990) broadly classified them into 

four categories; wood fibres (bamboo, reeds, bagasse and fan palm), bast or stem fibres (jute, 

flex, hemp, bagasse), leaf fibres (sisal, abaca seed), fruit fibres, coconut fibre, coir).The 

properties of some natural vegetable fibres are presented in Table 1. It could be observed from 

the table that fan palm is a probable good natural local fibre that could be used for a 

composite material or reinforced materials in concrete structures. Concrete is an alkaline 

media, therefore there is need to study the composition of fan palm so as to know  how to 

improve the durability of fan palm in alkaline media before recommending it for use in 

construction works. Some natural wood vegetable fibres, their physical and mechanical 

properties as well as their applications in composite elements and reinforcements in concrete 

elements are discussed below. 

Cocrop FAO, 2010). Fan palm was also used as part of the common name of particular 

genera or species. Among the palms commonly known as fan palms are: Chamaerops 

(European fan palm), Hyphaene petersiana (Real fan palm), Livistona (Chinese fan palm), 

Washingtonia (California fan palm, Mexican fan palm), Latania (Indian Ocean fan palms), 

Travellers palm (Ravenala madagascariensis) and Borassus (Palmyra Palm). The Travellers 

palm (Ravenala madagascariensis) is often called a fan palm because of its distinctive shape 

but it is not a true palm.  Borassus (Palmyra Palm) is a genus of six species of fan palms, 

native to tropical regions of Africa, Asia and New Guinea. They are tall palms, capable of 

growing up to 30 m high. The leaves are long, fan-shaped, 2 to 3 m in length. The flowers are 

small, in densely clustered spikes, followed by large, brown, roundish fruits. The various 

species of Borassus  are: 

 

Borassus aethiopum - African Palmyra Palm (and other names) (tropical Africa) 

Borassus akeassii - Ake Assi's Palmyra Palm (West Africa) 

Borassus flabellifer - Asian Palmyra palm/Lontar palm/Doub palm/Sea Coconut (southern  

Asia and Southeast Asia) 

Borassus heineanus - New Guinea Palmyra Palm (New Guinea) 

Borassus madagascariensis - Madagascar Palmyra Palm (Madagascar) 

Borassus sambiranensis - Sambirano Palmyra Palm (Madagascar)     

 

Palmyra palms are economically useful and widely cultivated in tropical regions. The 

palmyra palm has long been one of the most important trees of Cambodia and India, where it 

has over 800 uses. The leaves are used for thatching, mats, baskets, fans, hats, umbrellas, and 

as writing material. In Cambodia, the tree is a national flora symbol/emblem that is seen 

growing around Angkor Wat. The sugar palm can live over 100 years (Ecocrop FAO, 2010). 

Borassus aethiopum is a species of Borassus palm from Africa. In English it is variously 

referred to as African fan palm, African palmyra palm, deleb palm, ron palm, toddy palm, 

black rhun palm, ronier palm (from the French) and other names (Duta, 1979 and Jimoh, 

2006). It also has names in African languages; alo or agbon in Yoruba, giginya in Hausa, 

ubiri in Ibo, perepe in Ijaw of Niger.Fan palm is a monocotyledon plant as quoted by Jimoh 

(2006) from Dutta (1979). The stem consists of three major layers; the bark, the outer core, 

and the inner core as shown in Figure 1. The bark is greying coloured, rough and hard. It 
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covers the outer core. The outer core consists of black and long fibres glued together by 

lignin. The outer core is a zone of sclerechymatous (thick wall) cells of fibrous and xylem 

vessels for conducting water. The inner core otherwise called the ground tissue is a zone of 

parenchymatous (thin wall) cells. It also contains scattered, few fibres and numerous inter 

cellular air spaces (Dutta, 1979, Keay, 1989). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The cross section of the Stem of fan palm tree. 
Source: Keay, (1989); Risula, (2009). 

 

 

 

2.  METHODOLOGY 

 

The determination of chemical compositional elements involves drying, grinding, 

dissolving into solution state and analyzing. The fan palm sample was air dried in the 

laboratory at room temperature for about seven days until a constant weight (+ 0.01g) is 

obtained after which the sample was then ground. Grinding was done on a gyro-mill grinding 

machine (model HSM 10011, serial number MA11566-5-1, 2004), which stops automatically 

after grinding for a pre-set time of 3 minutes.  

The ground sample (now in powdered form) was dissolved into solution form using N-

ezane solution. A small proportion of the prepared fan palm solution was then put in a test 

tube to about 2/3
rd

 full. A small proportion (0.01 mg) of the fan palm solution from the test 

tube was injected into the injection source of molecules scan displaying, MSD, (Agilent 

19091s-433Hp-5MS) machine which has been preset to the parameters as given in appendix 

A1. The machine was connected to a computer that contains files of chemical compounds 

whose molecular weight have been determined. The machine was  turned on and allowed to 

run for 45.75 minutes after which the values of molecular weights of the chemical compounds 

were displaced in spectra forms on the monitor of the connected computer. The computer 

automatically compares the values of molecular weights of the scanned compounds with the 

molecular weights of the stored compounds in head to tail spectra forms. 

The Back  

The Outer core  

The Inner core  

Figure 1:  The cross section of the Stem of fan palm tree 

Source: Keay, (1989); Risula, (2009).  
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3.  RESULT AND DISCUSSION  

 

Figure 2 to Figure 7 displayed the spectral of the detected compounds of the fan palm 

from MSD machine. Figures 2a, 3a, 4a, 5a, 6a, and 7a, showed the spectral of the molecular 

weight of the detected compounds. While Figure 2b, 3b, 4b, 5b, 6b, and 7b compared the 

spectral of the molecular compounds of the fan palm with the molecular compounds of the 

known organic compounds in the library of the MSD machine. Figures 2c, 3c, 4c, 5c, 6c, and 

7c showed the spectra of the established molecular compounds, their structures and their 

names of the detected compounds of fan palm after the comparison.     

Fan palm is a hard wood fibre and like other hard woods, it is composed essentially of 

cellulose, hemi-cellulose, lignin and extractives. Table 2 shows the chemical compound and 

percentage by proportion of the chemical compounds of fan palm as obtained from the spectra 

display on the computer of the MSD machine (Agilent 19015-433hp-5MS model). Table 3 

shows the computed composition by proportion of the cellulose, hemi-cellulose, lignin and 

extractives of fan palm obtained from chemical compound of fan palm in Table 2. The main 

compositions as obtained from Table 3 are discussed further. Cellulose is an organic 

compound with formula, (C6H10O5)n ,a polysaccharide consisting of linear chain of several 

hundred to over ten thousand β(1, 2, 3, 4) linked D-glucose unit (Crawford, 1981). From 

Table 3, it could be seen that the cellulose compound of the fan palm constitute the highest, at 

46.82%. It contains compounds such as diisocytylphthalene, citra, citronellol, caryophlen, 

methyl-ester, heptanes, octarane, 4-terpine. Klemn et al. (2005) and Ignetyve et al., (2011) 

reported that cellulose has a strong tendency to form intra. 

 
Table 2. Chemical compounds of fan palm. 

 

                   Compounds                                         % Composition 

Carbamic acid (1 1 diethoxy)                                     3.89 

Bicycle (3.1.0) hexane                                                7.80 

Beta-pinene                                                                0.92 

3-carene                                                                    16.19 

0-cymene                                                                    2.33 

D-limonene                                                                 2.29 

Beta. Ocimene                                                            2.18 

Cyclohexadiene                                                          7.47 

Gamma-terpinene                                                       7.67 

Benzene                                                                      2.24 

Citonellol                                                                    3.45 

2,6-Dimethyl-1                                                          2.96 

                          1,3,6-Octatriene                                                                 1.16 

Citra                                                                            3.16 

2,6-octadiene                                                            3.69 

heptane                                                                       1.23 

cyclohexane                                                               1.60 

Alloaramadendirene (Caryphyllene oxide)                1.36 

Bis (2-ethylhexyl)(Diisocytl phthalate)                     17.45 

Caryophyllene                                                            1.69 

Dimethylene Bicyclo (2.2.2)(Methylester)                 0.95 

Maphthalene                                                              0.86 
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Isopulegol                                                                   2.41 

Carveol                                                                       4.52 

Other extractives                                                        0.54 

 

 

 

Table 3. Chemical composition of fan palm. 

 

Constituent                     %Composition                   Organic structure 

 

 

 

 

Cellulose                               46.82%            

 

 

 

 

 

 

 

 

 

Hemi-cellulose                    25.70% 

 

 

 

 

 

 

 

 

Lignin                                    22.46% 

 

 

 

 

 

 

 

Extractives                           5.02% 

 

 

Inter- molecular hydrogen bonds by the hydroxyl groups on the linear cellulose chains, 

which stiffened the straight chain and promotes aggregation into crystalline structure and give 

cellulose a multitude of partially crystalline fibre structures and morphologies. 

Cellulose molecules are bond strongly to each other. It is difficult to break down the 

polysaccharides of the cellulose compounds (Bras et al., 2008). This must have accounted for 

fan palm not easily decaying or broken down by weak acid and climatic attack.  
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Figure 2a 

Figure 2b 

Figure 2c 
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Figure 3a 

Figure 3b 

Figure 3c 
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Figure 4a 

Figure 4b 

Figure 4c 
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Figure 5a 

Figure 5b 

Figure 5c 
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Figure 6a 

Figure 6b 

Figure 6c 
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The high proportion of cellulose also accounted for the high tensile strength of fan palm 

and high modulus of rupture of fan palm reinforced sections as compared to other wood 

reinforced sections. The anhydroglucopyranose unit possesses hydroxyl groups capable of 

undergoing typical chemical reactions known for primary and secondary alcohols. Crystalline 

cellulose has a very limited accessibility to water and chemicals (Klemn et al., 2005). 

Chemical attack on fan palm can therefore be expected to occur on amorphous cellulose and 

crystalline surface of the fan palm. The hydroxyl group (ˉOH) of cellulose can be partially or 

fully reacted with various reagents like organic acid, [acotic acid, aceticanhydride, propenol 

acid, cellulose acetate, cellulose triacetate, Cellulose Acetate Propriate (CAP), cellulose 

acetate butyrate (CAB)]. 

Hemi-cellulose is a polysaccharide related to cellulose. But unlike cellulose, hemi-

cellulose is derived from several sugars in addition to glucose. It consists of shorter chain 

compared to cellulose chain (Klemn et al., 2005). In hardwoods, the main hemi-cellulose 

consists of compounds that contain glucuronoxylan compounds. In fan palm glucuronoxylan 

compound such as β, α,     4-0 methyl and acetate group are present. The percentage 

composition of the hemi-cellulose compounds of fan palm is 25.7%, which consists of 

chemical compounds such as cyclohexen, acetate, α-terpine, y-terpine, β-terpine, bicyclo and 

3-carene. 

This consists of 22.46% of the chemical composition of the fan palm. The chemical 

compounds in the lignin of fan palm are hysopulegol, benzene, trimethylbenzyl alcohol, o-

cymene, α-terpanol, carveol, D-limonene and β-ocymene. Lignin is a complex polymer of 

aromatic alcohol called monolignals (Klemn et al., 2005). Lignin is hydropholic and conduct 

water in plant stem (Piotrowski and Carus, 2011). This could have been the reason why the 

moisture contents and the strength of fan palm vary from the outer core (cellulose) to inner 

core as recorded by earlier researchers on the properties of fan palm (Fache, 1983; Jimoh, 

2006 and Omotosho, 1988).The fairly high content of lignin in fan palm must have been 

responsible for its durability and high strength when compared with other woods. The 

decomposition of lignin and hemi-cellulose due to alkaline pore water reacting with chemical 

compound of hemi-cellulose and lignin thereby breaking links (bonds) between the fibres will 

consequently reduce the strength of the fan palm.  

The extractive compounds in fan palm constitute 5.02%. These chemical compounds 

are: caryophyllene and caryophyllene oxide. These extractives are reactive to chemical 

compound such as nitric acid, propanoic acid. It is also very reactive to alkaline solutions 

(Mohanty, et al., 2000). 

 

4.  CONCLUSION AND RECOMMENDATTIONS 

 

From this study, fan palm contains organic compounds. These organic compounds 

composed mainly of cellulose been highest composition while the hemi-cellulose is about half 

of the organic content of the fan palm, lignin and extractives are minor compounds of fan 

palm. This is reason while fan palm is of high strength and dimensionally stable of the wood 

fibre. It is recommended that blocking agents and water repellants agents as a method of 

reducing or eliminate the attack of the fan palm fibres be examined.   
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