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Abstract: An active hydroxyl content of Borassus flabellifer leaf sheath fibers are measured by the 

isocyanate back titration method, catalytically reacted with 1, 6 – hexamethylene diisocyanate biuret 

trimer and 2, 4-toluene diisocyanate-trimethylolpropane adduct, which is being used as cross-linkers in 

most of the automotive and industrial polyurethane coatings. The functional modifications of the fibers 

are confirmed by NCO titration method and Fourier-transform Infrared Spectroscopy (FTIR). The 

resultant biochemical fiber is analyzed for the thermal property, and surface topography measurement 

is done by Scanning Electron Microscope (SEM) and Thermogravimetric analysis (TGA), respectively. 

Moreover, 1, 6 – hexamethylene diisocyanate biuret trimer (HDT) treated BFSF having higher thermal 

stability due to higher urethane to urea content and intermolecular hydrogen bonding.  

Keywords: Borassus flabellifer leaf sheath; NCO titration method; FTIR study; SEM study; TGA 

study. 
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1. Introduction 

Owing to the presence of reactive –OH functional groups, light density, flexibility, high 

specific strength, textured surface topography of plant fibers have found -made tailor 

application in polymer and cement composites for soil erosion control, thermal insulation, and 

sound absorption architecture, oil spill cleanup, removal of reactive dyes, extraction of precious 

metals, textile, biomedical, microbial fuel cells, foldable supercapacitors, bio-based devices 

and conductive composites [1-9]. The major application of plant fibers is the prospective 

reinforcement in polymer composites. The plant fibers can be classified as bast (flax, kemp, 

kenaf, jute, nettle, and ramie), leaf (pineapple, sisal, abaca, tampico, and palm), seed (cotton, 

and kapok), fruit (coir, palm fruit, luffa) and reed (bamboo) fibers based on the source of 

extraction [10]. Though these fibers have several advantages, still they have some bottleneck 

because of the hydrophilic nature leads to poor fiber and polymer matrix interfacial adhesion 

and dimensional instability, inconsistent mechanical properties, susceptible to microbial attack, 

and low thermal stability [11]. The drawbacks can be overcome by suitable surface 
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modifications detailed in the literature are (1) Chemical treatment: mercerization, acetylation, 

benzoylation, acrylation; acrylonitrile, maleic anhydride, silane, permanganate, peroxide, oleic 

acid, stearic acid, sodium -chloride, isocyanate, zein protein, and triazine treatments; (2) 

Physical treatment: corona, plasma, heat and surface fibrillation; (3) Biological treatment: 

microbial and enzymes [11-13].  

Among all the vegetable -fibers, the fibers of the Asian palm tree Borassus flabellifer 

are significant because of their low density than any other natural and synthetic fibers [14], and 

it gives fibers from leaf sheath, stalk, and fruits. Studies on the thermal, mechanical, and 

morphological properties of alkali Borassus flabellifer fruit fiber and its polymer composites 

showed the increase in tensile strength, modulus, and percentage of elongation by 41, 69, and 

40% respectively for 5% alkali treatment with a time span of 8 h because of the partial removal 

of more hydrophilic hemicellulose content [15-16]. It was investigated the mechanical 

properties of alkali-treated Borassus stalk fiber reinforced polyester composite and observed 

that the tensile and flexural strength improvement for alkali-treated Borassus stalk fiber 

reinforced polyester composites [17]. The organic chemical treatments of Borassus leaf sheath 

fiber have not yet been studied. Among various surface treatment persists, isocyanate treatment 

is privileged due to the competitive reaction between the –OH groups of cellulose, 

hemicellulose, and lignin constituents, moisture present in the fiber and NCO group to form 

covalent urethane and urea linkages between the fiber and matrix, the formed urea further reacts 

with the isocyanate groups to form a complex interpenetrating network and reduces the water-

absorbing tendency of natural fibers through barrier effect which enables the fiber – matrix 

wettability, acts as good load-bearing moieties between the fiber and most of the thermosetting 

matrices [13].  

An isocyanate treatment involves the reaction between the NCO group and the hydroxyl 

group present in the macromolecular polyol, cellulose. It had been studied that the pulp was 

modified with n-butylisocyanate, 1, 6-hexamethylene diisocyanate, phenyl isocyanate, 

diphenymethane diisocyanate (MDI) respectively and found to the reduction in moisture intake 

and increased thermal property [18]. The low molecular mass monomeric isocyanates are 

having high vapor pressure and are potentially hazardous to humans. Therefore, the relatively 

high molecular weight, low vapor pressure, and less toxic HDT and 2, 4 – toluene diisocyanate 

– trimethylolpropane adduct (TPA), are predominant curing agent for polyester, acrylic, 

polyether, and polycarbonate polyols in the coating, adhesive, elastomer, and insulation 

industry [19], are used for surface modification of Borassus flabellifer leaf sheath fiber and its 

chemical bonding nature, surface morphology and thermal characterization are examined in 

this study. 

2. Materials and Methods 

 2.1. Materials.  

The raw fiber extracted from the palm tree Borassus flabellifer leaf sheath (BFSF) and 

Desmodur N75 (HDT), Desmodur L75 (TPA), Dibutyltin dilaurate (DBTDL), butyl acetate 

were purchased from Vimal Intertrade Chennai, were used as such for this study.   

2.2. Determination of the number of reactive hydroxyl groups. 

The number of a reactive hydroxyl group of BFSF fiber were determined by the 

isocyanate group back titration (IBT) method described in the literature [20], and five random 
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samples analyzed; the results were averaged, expressed in terms of hydroxyl number (OH#, 

mgKOH/g) and converted into %OH content by the following relation. 

% OH content = 
𝐎𝐇#

𝟑𝟑.𝟑𝟑
               (1) 

2.3. Isocyanate treatment.  

The quantity of isocyanate required for the surface modification of BFSF, while 

maintaining the stoichiometry of OH/NCO=1 can be calculated by the following expression. 

Quantity of NCO required (g) = 
𝑾×%𝑶𝑯×𝟒𝟐

%𝑵𝑪𝑶×𝟏𝟕
    (2) 

Where W is the quantity of fiber is to be treated; %OH is the reactive hydroxyl content of the 

BFSF, which was calculated from IBT method, % NCO is the isocyanate content of HDT and 

TPA given by the supplier, the value 17 and 42 are the molecular weight of hydroxyl and 

isocyanate group respectively. Pre-weighed, shortly cut BFSF were taken in an athree-necked 

flask in butyl acetate solvent medium, and the required quantity of isocyanate was added to the 

flask under stirring and continuous nitrogen flow at room temperature. 1% DBTDL solution 

based on isocyanate resin solid was added to the flask under stirring, and the temperature of 

the reaction mixture was raised, maintained between 70-75°C for 1-2 hr till all the NCO groups 

are consumed, which was confirmed by NCO titration method. Then, the reaction mass allowed 

to cool to room temperature and filtered, washed, the fibers are dried at 50°C for 4 hours.      

2.4. TGA study. 

Thermogravimetric analysis of the fiber samples was performed using the TA Q600 

Instrument equipped with an autosampler, and three replications were performed. The 

thermograms were recorded between 20ºC and 800ºC with a heating rate of 10ºC/min in a flow 

of nitrogen at 100 ml/min. The TGA curves were obtained directly from the apparatus, while 

the DTG curves were obtained by software TA advantage 5008.  

2.5. SEM study. 

The microstructure and morphology of the BFSF were visualized using a scanning 

electron microscope (Zeiss) with an accelerated voltage of 20 kV and an attainable vacuum 

level of 1.5 × 10−3 Pa.  

3. Results and Discussion 

3.1. Reactive hydroxyl groups. 

The reactive hydroxyl number and %OH of BFSF fiber were determined by the 

isocyanate group back titration (IBT) method as 251 mg KOH/g and 7.53%, which was higher 

than ramie fiber [20]. 

3.2. FTIR study and titration. 

The reaction rates for HDT and TPA with BFSF is calculated through titrating of the 

free-NCO content of the reaction mixture at different interval until the mixture free from 

isocyanate group. The FTIR spectrum (Fig.1) supports the absence of free-NCO groups in HDT 
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and TPA treated BFSF -fibers. The formation of urethane bonds are easily identified by the 

presence of a peak at 1681 cm-1 for HDT treated fibers and 1705 cm-1 for TPA treated fibers 

[21]. The presence of urea bond due to the moisture present in the BFSF is also confirmed by 

the peak at 1254 cm-1, and 1267 cm-1 for HDT and TPA treated BFSF, respectively. The 

intensity of urea is more in TPA-treated fibers due to the high reactivity of aromatic isocyanate 

towards water than aliphatic isocyanate, whereas the intensity of the urethane bond is more for 

HDT treated -fibers.  

 
Figure 1. FTIR spectra of HDT, TPA treated Borassus flabellifer sheath fibers. 

3.3. TGA study. 

The first derivative thermogram (DTG) of HDT treated and TPA treated fibers are 

illustrated in Figure 2a & 2b, clearly reveals the inflection points. The first crest located at 55-

60ºC attributed to the moisture release, the second peak at 239ºC, and 248°C pertained to the 

disintegration of cellulose and hemicellulose of HDT-BFSF and TPA-BFSF. The 

disintegration peak at 172°C of TPA-BFSF is due to the low extent of hydrogen bonding [23], 

which is also confirmed from IR spectra (Fig.1). The peak temperatures (Tp) of HDT-BFSF 

and TPA-BFSF are 335°C, and 331°C corresponds to the degradation of lignin polymers [24], 

and the peak temperature is higher than bagasse (299), bamboo (286), cotton stalk (293), hemp 

(282), jute (283), kenaf (284), rice husk (297), rice straw (273) and wood pine [22] (308). The 

results of the thermogravimetric analysis of BFSF are shown in Fig. 2a & 2b. The TGA curve 

of HDT-BFSF and TPA-BFSF shows an initial weight loss of about 7.8% between 40 and 

100°C, which is attributed to the evaporation of bounded water molecules. In the second stage, 

modest horizontal curves were noted between 100°C and 200°C showed marginal mass loss of 

HDT-BFSF (2.12%), and TPA-BFSF (3.14%) is owing to the initiation of lignin degradation. 

In the third stage, the steep curve started from 200°C to 310°C is due to the thermal degradation 

of hemicellulose, and this stage there are found the mass loss of 29.59 and 25.06% corresponds 

to the HDT-BFSF and TPA-BFSF, respectively. HDT-BFSF is an aliphatic polymer which 

undergone decomposition rapidly than TPA-BFSF. The fourth stage curve between 310 and 

360°C was attributed degradation of the cellulosic polymer, and the mass loss of 19.78 and 

12.55% corresponds to the HDT-BFSF and TPA-BFSF, respectively. Fifth ease In Cubic lines 

from 360 to 790° is affected by the degradation of lignin polymer and the molecule breakdown 

into a variety of low molecular weight products. The thermal decomposition of TPA-BFSF is 

found to higher than HDT-BFSF due to the presence of the aromatic group in TPA-BFSF. TGA 

shows that the presence of HDT-BFSF and TPA-BFSF having a moisture content of about 8%, 
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whereas the raw BFSF having moisture content 13% and about 5% of the moisture is reduced 

due to the reaction with isocyanate. 

 
Figure 2. TGA curve of (a) HDT treated Borassus flabellifer sheath fibers and (b) TPA treated Borassus 

flabellifer sheath fibers. 

3.4. Surface morphology. 

The formations of the chemical bond between HDT, TPA, and BFSF have also been 

confirmed by SEM – EDX images. The chemical bond formed uniformly on the surface of the 

BFSF treated by HDT (Fig.3A) is due to the symmetric structure of HDT, whereas TPA-BFSF 

(Fig.3B) showed discontinuity because of the difference in reactivity of isocyanate groups 

present in the toluene diisocyanate adduct.  The isocyanate group located in TPA adjacent to 

the methyl group is less reactive than the para isocyanate due to the steric effect.  The rough, 

pitted surface of raw BFSF (Fig.3C) is covered by the polymeric layer after isocyanate 

treatment (Fig.3D).  

 
Figure 3. SEM–EDX  image of HDT-BFSF (A) TPA-BFSF, (B) raw BFSF (C) and isocyanate treated BFSF 

(D). 

4. Conclusions 

 The HDT-BFSF and TPA-BFSF characterization results clearly indicate the fibers are 

free from the isocyanate group, and each polysaccharide chain is linked together by an 

interpenetrated network of urethane and urea bonds, high thermal stability from which may be 

considered as an engineering fiber. However, HDT-BFSF having high thermal stability due to 

higher urethane to urea content and intermolecular hydrogen bonding.  SEM-EDX images 

confirmed the presence of a polymeric layer encapsulated on the BFSF fiber. These fibers could 
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be used as a reinforcement for polymeric composite and isocyanate spill kit due to the presence 

of high functionality and moisture content. 
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