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 Novolac type resin was prepared by two stage liquefaction process of coconut coir husk 
(CCH) in phenol using sulphuric acid as catalyst. The result showed the yield 

percentage of lignin in CCH through extraction process is 44 %. The effect of different 

concentration of CCH (3, 5, and 7 %) on the amount of free phenol and phenol 
conversion were studied. Phenolated CCH i.e product of first stage was analyzed with 

High Performance Liquid Chromatography (HPLC) to identify the amount of free 

phenol and phenol conversion. The calculated free phenol in conventional novolac resin 
shows the lowest percentage i.e 0.39 %, while Phenolated CCH at 3, 5 and 7 % shows 

5.49, 4.78 and 4.71 % of free phenol, respectively. However, for phenol conversion, 

conventional novolac resin shows the highest percentage i.e 99.61 % as compared to 
94.51, 95.22 and 95.28 % in 3, 5 and 7 % CCH, respectively. The HPLC results 

indicate the amount of free phenol and phenol conversion was optimum at 7% phenol to 

CCH. Fourier Transform Infrared Spectroscopy (FTIR) analysis has been done on the 
Resinified Phenolated CCH, a product of second stage to identify the functional group 

present in the structure. FTIR spectrum shows that at different concentration of CCH, 

there are similar main peaks to that of the conventional novolac resin. Hence, it can be 
suggested that 7 % of CCH is the most suitable concentration because lignin of CCH 

could partially substitute phenol in novolac resin synthesis. 
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INTRODUCTION 

 

Nowadays, natural fibers had been introduced as 

valuable materials in polymer industry. It will 

contribute to the development of new sustainable and 

renewable materials which are more economical 

friendly, safe for human, ecological friendly and 

beneficial on waste management. All lignocelluloses 

materials like rattan, jute, wood and shell were the 

common natural fibers that had been introduced 

frequently in order to substitute the synthetic fibers.  

Coconut coir husk (CCH) was chosen as raw 

material due to it relatively high composition of 

lignin (59%), thermal stability and abundantly 

available biomass in Arau, Perlis and most of states 

in Malaysia. Lignin is a highly branched, three 

dimensional polymer with a variety of functional 

groups providing active centers for biological and 

chemical interactions (N.-E. El Mansouri et al., 

2007). It has been reported that 53.5% of lignin were 

found out. Usually the present of lignin in coir husk 

(32.8 – 53.5 %) are more than lignin in wood fiber 

(14 – 37 %)(Israel et al., 2011). Other types of 

biomass have been liquefied with phenol, such as 

gravine cane waste, corn bran and bark for phenolic 

resin as raw materials (Pan et al., 2007). Besides, 

studies on synthesizing phenolic resin from liquefied 

wood had been done extensively elsewhere. However 

there are so limited literatures were found for CCH. 

Therefore, in this study, liquefied CCH will be used 

as feedstock in condensation reaction to produce 

novolac phenolic resin. 

The preparation of novolak type resin by 

liquefaction of oil palm empty fruit bunch (EFB) in 

the presence of phenol and resinification of 

phenolated EFB mixture showed the results that the 

majority of EFB can be converted to phenolic resin 

with the liquefaction process. Liquefaction is a 
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thermochemical process in which biomass reacts 

with an organic liquid with or without acid at a 

medium temperature range of 100 to 250 °C (Zakaria 

et al., 2013). The lignin content in wood is 

determined by direct or indirect methods. The 

measurement of acid-insoluble lignin is one of direct 

method (Li Jingjing et al., 2011). Analytical methods 

in the field of lignin are important, especially for 

functional groups analysis. In this study, four phenols 

to CCH ratios were selected for the structural 

characterization, focusing on variety of functional 

groups, with FTIR and HPLC analysis. Therefore, 

the comparisons between these lignins in term of 

functional groups were analyzed. 

 

Methodology: 

1.1. Materials: 

The coconut coir husk (CCH) was used as a raw 

material and obtained from Arau, Perlis. The air-

dried CCH was grinded until became powder by 

using industrial blender and pulverizer before sieve 

using 213 nm siever. Then, it was dried at 90°C for 

24 hours in an oven. Ethanol, benzene, phenol 

(90%), sulfuric acid (72 %) and formaldehyde (37%) 

were obtained from Zarm Scientific & Supplies Sdn. 

Bhd., Butterworth, Pulau Pinang. Phenol and sulfuric 

acid were used as liquefaction reagent and catalyst, 

respectively.  

 

1.2. Instrumental Analysis: 

 

The IR absorption spectra (Perkin-Elmer, US) of 

the resinified samples were recorded in the 4000 to 

450 cm
-1

 region. The dried samples were mixed with 

KBr powder and pressed into tablets before spectrum 

acquisition. The amount of free phenol in the CCH 

mixture was measured on Perkin-Elmer series 200 

HPLC with an Altima HP C18 ODS column (250 x 

4.5 mm). The mobile phase used were 

methanol/water (1/2, v/v) with a flow rate of 1.0 

ml/min. the wavelength of the UV-Vis detector in the 

HPLC series was set at 272 nm. A series of phenol 

solutions of known concentration (0.05, 0.06, 0.07, 

0.08, 0.09, and 0.10 %) were used as the standard to 

calculate the amount of free phenol in liquefied 

samples. 

 

1.3. Extraction of Lignin from CCH: 

3.5 g of CCH powder, which to be extracted 

with 200 ml ethanol-benzene solvent (1:2 by volume) 

was transferred into a five-neck glass reaction flask 

(500 ml) equipped with a reflux condenser, 

thermometer and an electrical stirrer and was reflux 

for 6 hours with stable boiling of liquid. The 

extraction was carried out in an electrical heating 

mantle. After extracted with ethanol-benzene, the 

CCH powder were transferred to a Buchner funnel 

where the excess solvent were removed with suction 

and coir husk powder were washed with ethanol in 

order to remove the benzene. Then the powder was 

returned to the extraction flask and extracted with 95 

% ethanol for 4 hour. After that, the sample was 

transferred to a Buchner funnel again to remove 

excess solvent and then it was washed with distilled 

water to remove ethanol. Then, the CCH were 

transferred to a 1000 mL Erlenmeyer flask and 500 

mL of boiling distilled water was added. The flask 

was heated in water bath at boiling temperature for 1 

hour. After that, the powder were filtered with a 

Buchner funnel and then washed with 500 mL of 

boiling distilled water. Then, the sample was allowed 

to air-dry at room temperature.  

1 g of dry weight of sample was placed in 100 

mL beaker and added with 15 mL of cold (10 to 

15°C) 72% sulfuric acid. Sulfuric acid was added 

gradually in small increments while being stirred 

with a glass rod. During the dispersion of the 

material, the beaker was kept in a bath at 20±1°C for 

2 hours with watch glass cover. The material was 

stirred frequently at this stage in order to ensure 

complete dissolution. Afterwards, the solid solution 

was transferred from the beaker to the flask and 

about 300 mL of water was added to the flask. More 

water was added to dilute the solution to a 3% 

concentration of sulfuric acid. The solution was then 

boiled for 4 hours in a flask reactor fitted with a 

reflux condenser. Finally, the lignin was transferred 

to the filter and then washed with hot water. The 

lignin was dried at room temperature. 

After drying, the CCH lignin will be weight in 

order to calculate the percent lignin. The percentage 

of lignin from the coconut husk was calculated based 

on the equation bellow: 

 

Percent lignin (%) = Dry weight of lignin residue x  (100 – x)        (1) 

      Dry meight of extracted sample          

    

x = % loss by original sample during extraction treatment 

 

1.4. 

Liquefaction and Resinification of Novolac Type: 

The liquefaction process was started by charging 

CCH, phenol and sulfuric acid as a catalyst into a 

four-neck glass reaction flask (500 ml) equipped with 

a reflux condenser, thermometer and a stirrer. The 

liquefaction reaction was carried out in an electrical 

heating mantel at 25 to 110°C, where it was 

gradually increased for 20 minutes. The total amount 

of CCH powder and phenol are 120g and the amount 

of sulfuric acid was 5% from the amount of phenol 

(Ahmadzadeh et al., 2009). 
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After the liquefaction process, the temperature 

of the Phenolated mixture was allowed to decrease to 

30°C. Then, 37% formaldehyde solution was reacted 

with the Phenolated mixture. The resinification 

reaction was carried out for 2 minutes at 110°C with 

constant stirring. The product produced in this 

process was called Resinified Phenolated Coconut 

Coir Husk (RPCCH) (Ahmadzadeh et al., 2013). The 

liquefaction mixture was mixed with formaldehyde 

at a phenol : formaldehyde molar ratio of 1 : 0.8 

based on the following composition. 

 

RESULTS AND DISCUSSION 

 

2.1. Percentage of Lignin in CCH: 

The percentage of lignin that has been obtained 

through extraction process in this study was 44%, 

which in the range of lignin content from the 

previous study. It has been reported that 53.5% of 

lignin were found out which is in agreement with 

range of lignin in coir husk obtained from previous 

study (Israel et al., 2011). 

 

2.2. Percentage of Free Phenol and Phenol 

Conversion for Conventional and Phenolated CCH: 

Determination of free phenol and phenol 

conversion of both conventional and phenolated 

CCH had been analyzed using HPLC instrument 

shown in Table 1. It can be seen that that different 

phenol to CCH ratio has a significant effect on the 

percentage of free phenol and phenol conversion. 

The amount of free phenol decreased and the phenol 

conversion increased as the phenol to CCH ratio 

increased.  

It has been found that the conventional novolac 

resin contained 0.39% of free phenol meanwhile 

phenolated CCH sample with 3, 5 and 7% CCH 

contained 5.49, 4.78 and 4.71 % of free phenol 

respectively. Results on percentage of free phenol are 

in agreement and comparable with the previous 

studied by (Vazquez-Torres et. al., 1992) in which 

the extraction of 4 to 10 % of CCH sample produced 

0.3 to 5.1 % of free phenol.  

Meanwhile, phenol conversion for conventional 

Novolac Resin sample shows that there are 99.61 % 

of phenol converted into novolac resin, whereas 

phenol conversion for Phenolated CCH at 3, 5 and 7 

% CCH are 94.51, 95.22 and 95.28 %, respectively. 

So, the highest result of phenol conversion is at 7 % 

CCH indicating 95.28 % of phenol was converted 

into novolac resin in this study, which due to the 

principal, the increase the CCH concentration, the 

increase the amount of phenol in the reaction.

 

 
Table 1: Data on Free Phenol and Phenol Conversion of Conventional Novolac Resin and Phenolated CCH Sample 

 Conventional Novolac Resin Phenolated CCH 

  3%  5%  7%  

Free phenol (%) 0.39 5.49 4.78 4.71 

Phenol conversion (%) 99.61 94.51 95.22 95.28 

 

2.3 Identification of Lignin Using Fourier-Transform 

Infrared Spectroscopy (FTIR): 

Figure 1, 2 and 3 show the IR Spectra for CCH, 

conventional novolac resin and 3, 5 and 7% of 

resinified phenolated CCH, respectively. The 

important IR spectra band had been identified for 

CCH powder and both, conventional novolac resin 

and resinified phenolated CCH in order to identify 

the all bands presence for lignin.  

Based on Figure 1, the result indicated that there 

are six noteworthy crests that can be read for the 

vicinity of functional group of coconut coir husk 

which are absorbance at 3378, 2934, 1611, 1445, 

1262, 1058 and 613 cm
-1

. The absorbance 

demonstrated the presence of phenolic and methylol -

OH stretch, C-H stretching vibration, Ester C=O 

stretch, Aromatic C=CO stretch, Semicircle ring 

stretch, Guaiacyl ring breathing with C-O stretching 

and C-O deformation individually and mono 

substituted aromatic ring. 

In addition, resinified phenolated CCH showed a 

similar IR spectra absorbance to that of a 

conventional novolac resin as shown in Figure 2 and 

3, respectively. The IR spectra for conventional 

novolac resin where the peak showed up way, just 

about the comparative district from the coconut coir 

husk. The peak showed up at a wavelength of 3385, 

2927, 1729, 1600, 1500, 1438, 1235, 1051 and 609 

cm
-1

. Be that as it may, there is somewhat changed at 

a wavelength of 2927 and 1729 cm
-1

. At wavelength 

2927 cm
-1

, the peak reduced. It demonstrates the 

lessen in C-H stretching vibration, while at peak 

1729 cm
-1

, there is no absorbance in this locale (ester 

C=O). The band shows the shifting of the functional 

group of ester C=O to the 1600 cm
-1

 which is an 

aromatic C=C stretch area. 

The band at 1500 cm
-1

, allocated to aromatic 

skeletal vibration, is utilized as a kind of perspective 

to figure out if the lignin is guaiacyl or syringyl in 

nature. The band at 1600 cm
-1

 on the CCH spectrum 

is significantly more exceptional than that at 1500 

cm
-1

. Likewise the power of the groups of 1130, 

1235, 1430, 1470 and 1600 cm
-1

, allocated to the 

vibrations in the syringyl rings, is higher than that 

happening at 1500 cm
-1

, while that at 1275 cm
-1

 

compared to a guaiacyl ring vibration, is generally 

weaker. A band 609 cm
-1

 in this spectra show the 

mono substituted aromatic ring represent for phenol. 

Figure 3 shows the IR spectra comparison of 3, 5 

and 7% of resinified phenolated CCH. In general, all 

the three difference concentration of resinified 

phenolated CCH has almost all the bands that are 
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required for lignin from the coconut coir husk or 

conventional resin.  

The overall main peak for these resinified 

samples are 3283, 2996, 1597, 1051,  876, 786 and 

541 cm
-1 

that will form a resin. From Figure 2 

showed that is peaking at wavenumber 3385 cm
-1

 but 

on Figure 3 showed the same functional group would 

present at wavenumber 3283 cm
-1

. Meanwhile, for 

peak 609 cm
-1

 from Figure 2 and 506 - 541 cm
-1

 from 

Figure 3 showed that it would present of phenolic 

compound. The absorbance of 826 to 726 cm
-1

 

showed that the present of adjacent of 2H and 4H or 

orto-para substitution rings which did not occured in 

the IR spectra of conventional novolac resin (Pan et 

al., 2009). A possible explanation for this result 

could be the existence of some lignin fragments, 

most of which are tetra substituted aromatic rings. 

While the absorbance at 1025 cm
-1

 represent that 

there have ring vibration between many cyclic 

compounds (Pan et al., 2009). By increasing of 

amount CCH in the formulation, the IR peak shows a 

noise, which it may be due to the formation of 

glucose and sucrose during the hydrolysis process 

which not totally removed before being further to 

react with formaldehyde. Thus, it is advisable to 

rinse the resinified phenolated CCH with amount of 

warm distilled water. 

  

 
 

Fig. 1: FTIR Spectra of Coconut Coir Husk (CCH) 

 

 
Fig. 2: FTIR Spectra of Conventional Novolac Resin 
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Fig. 3: FTIR spectra of Resinified Phenolated CCH at (a) 3%, (b) 5%, (c) 7% CCH  

 

Conclusion: 

A Novolac type resin was prepared via 

liquefaction and resinification process between of 

CCH powder, phenol and formaldehyde in presence 

of sulphuric acid as catalyst. The lignin content in the 

CCH obtained in this study is 44%.  

HPLC results on conventional novolac resin and 

phenolated CCH indicate the amount of free phenol 

and phenol conversion. The calculated free phenol in 

conventional novolac resin shows the lowest 

percentage i.e 0.39 %, while Phenolated CCH at 3, 5 

and 7 % shows 5.49, 4.78 and 4.71 % of free phenol, 

respectively. However, for phenol conversion, 

conventional novolac resin shows the highest 

percentage i.e 99.61 % as compared to 94.51, 95.22 

and 95.28 % in 3, 5 and 7 % CCH, respectively. 

FTIR analysis on the resinified phenolated CCH, a 

product of second stage shows that at different 

concentration of CCH, there are similar main peaks 

to that of the conventional novolac resin. Hence, it 

can be suggested that 7 % of CCH is the most 

suitable concentration because lignin of CCH could 

partially substitute phenol in novolac resin synthesis. 
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