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Abstract 
Effect of chemical modification on the filler properties of pulverized castor seed shell was investigated. 

Castor seed shells were obtained from Leventis Farms in Ososo, Edo State Nigeria. The shells were 

washed and dried to avoid sand and other forms of impurities. The dried shells were pulverized and 

separated into two portions. One portion was chemically modified with 20% NaOH concentration. The 

filler samples were characterized in terms of pH, bulk density, moisture content, lignin contents, 

cellulose contents, hemicellulose content, thermal stability, FTIR and SEM. The treated castor seed 

shell (TCSS) powder showed better characteristics when compared to the untreated sample (UCSS) in 

terms of pH (UCSS; 5.09 and TCSS; 8.15), bulk density (UCSS; 1.58g/cm3 and TCSS; 0.45 g/cm3), 

moisture content (UCSS; 5.24% and TCSS; 2.56%), lignin contents (UCSS; 17.78% and TCSS; 

8.01%), cellulose content (UCSS; 15.43% and TCSS; 83.08%), hemicelluloses contents (UCSS; 

12.23% and TCSS; 7.35%), thermal stability (UCSS; 2.87g/s and TCSS; 1.35g/s) and FTIR spectra 

respectively. The FTIR spectra showed the various functional groups present in the fibre. The TCSS 

showed removal of the hydroxyl groups present in the UCSS sample by purification increasing the 

TCSS hydrophobicity. The SEM micro-graph showed finer structure for the TCSS when compared to 

UCSS suggesting stronger and improved reinforcement with treatment. 

 

Keywords: castor, filler, FTIR, hydrophobicity, hydroxyl, pulverized, SEM 

 
1. Introduction 
Lignocelluloses are natural based resources that contain cellulose, hemicelluloses, and lignin. 
They include wood, agricultural residues, grasses, and other plant substances (Le, Sedan & 
Peyratout, 2008) [11]. These natural fibres are used as fibrous powder or as particulate 
materials or used raw or in modified form which has made them as fast promising 
reinforcing materials in composites (Zhang, Liu & Sun, 2010) [24]. Raw natural fibres exhibit 
a high hydrophilicity due to presence of hydroxyl groups, which originates from the non-
crystalline region and extend to the crystalline region (Bledzki, Mamun, Lucka-Gabor & 
Gutowski, 2008) [3]. The high moisture content sensitivity of lignocelluloses fibre causes the 
dimensional instability and limits the use of fibres as reinforcement in composite materials. 
The increased interest in the use lignocelluloses fibres for bio-composite preparation has 
grown because of their lightweight, non-toxic, low cost, ease to recycle, renewability and 
abundance (Ayo, Madufor & Ogbobe, 2015) [2]. Materials from renewable resources are 
being sought to replace not only the reinforcement element but also the matrix phase of 
composite materials (Fowler, Hughes & Elias., 2006) [7]. The plants which produce cellulose 
fibres can be classified into bast fibres (jute, flax, ramie, hemp, and kenaf), seed fibres 
(cotton, coir, and kapok), leaf fibres (sisal, pineapple, and abaca), grass and reed fibres (rice, 
corn, and wheat), and core fibres (hemp, kenaf, and jute) as well as all other kinds (wood and 
roots) (Faruk, Bledzki, Fink & Saint, 2012) [6]. Chemical treatment is a modification carried 
out on fibres to improve its hydrophobicity by modifying the surface or increasing the 
surface roughness thus decreasing the hydroxyl groups, which may be involved in the 
hydrogen bonding within the cellulose molecules (Scandola, Frisoni & Bariardo, 2000) [23]. 
Carbon black is the traditional commercial filler used in the polymer industries for product 
manufacture, which is obtained from petroleum. However, due to concern for global 
environmental problems and its limitations such as: non-renewable, scarce on demand, high 
cost, and carcinogenic, hazardous, single colour priority. There is therefore urgent need to 
develop local content alternative fillers for industrial sustainability and economic growth to 
curb the monopoly and limitations posed by carbon black. 
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Castor seed shell is selected and when modified showed 

improved characteristic properties, which introduces new 

sites in the fibre that can effectively, interlock with polymer 

matrices and offer increased fibre hydrophobicity by 

decreasing the hydroxyl groups, which may be involved in 

hydrogen bonding thereby increasing the surface roughness 

for proper polymer-fibre interactions. This research 

investigates the effect of chemical modification on filler 

properties of pulverized castor seed (Ricinus commnis) shell 

powder. 

 

   
 

A B C 
 

Fig 1: Castor Seeds (a), Pods (b) and Plant (c) 

 

2. Materials and Methods 

2.1. Materials 

The various materials used in this research include Nigerian 

standard rubber of grade NSR-5 obtained from Rubber 

Research Institute, Iyanomo, Benin. Castor seed shells were 

obtained from Ososo, Edo State while sodium hydroxide, 

tetramethylthiuram disulphide, mercaptobenzothiazole 

sulphenamide, stearic acid, sulphur, zinc oixide, carbon 

black, paraffin wax, trimethylquinoline, sulphonic acid, 

acetic acid, methanol and sodium thiosulphate were made 

by British Drug House and were obtained from Rovet 

Chemicals, Benin City 

 

2.2. Method 

2.2.1 Preparation and Chemical Modification of Castor 

Seed Shell 

Castor shells were collected from Leventis Farms Ososo, 

Edo State. The shells were washed thoroughly using water 

and dry in open air for a period of 120hours prior to 

pulverizing. The pulverized shells were further ball milled 

and soaked in 20% solution of sodium hydroxide solution 

for 1h at room temperature. Then solution was decanted and 

the filler washed thoroughly to attain neutrality after which 

the powder is dried first at room temperature and again oven 

dried at 750C for 1hour (Ekebafe, Ekebafe & Akpa, 2011) 
[5]. The reaction equation is showed below. 

 

OHONaFillerNaOHOHFiller 2+−+−  (1) 

 

 
 

Fig 2: Pulverized Castor Seed Shell 

  
 

Fig 3: Carbon Black 

 

2.3. Characterization of Castor Seed Shell Powder Filler  

2.3.1. Particle Size Analysis 

The particle size analysis of the castor seed shell was carried 

out in accordance with ASTM D331.12. 1000g of the 

particles was placed unto a set of sieves arranged in 

descending order of fineness and shaken for 30minutes 

which is the recommended time to achieve complete 

classification. The particles size of 75µm was achieved as 

retained in the sieve and was further ball milled for 48hrs 

and used for the study. 

 

2.3.2. Determination of Iodine Value 

Molar solution of sodium thiosulphate was titrated against 

the powder samples from aliquot solution prepared by 

centrifuging sample separately in iodine solution using of 

freshly prepared standard starch solution as indicator. The 

quantity of thiosulphate needed to titrate the blank solution 

was determined and the procedure repeated for average 

values to be obtained and recorded. The volume of sodium 

thiosulphate employed in aliquot solution was recorded as 

volume “V” while that of the blank solution as D (Ekebafe 

et al., 2011) [5]. This was done to determine the surface area 

of the filler. The iodine value was calculated using the 

equation below. 

 

14.300x
D

VD
eIodineValu

−
=  (2) 
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2.3.3. Determination of Moisture Content 

The moisture content of the castor seed shell filler was 

determined by adopting the method described in ASTM-

D1509 at 125oC. The method determines the percentage of 

moisture content in a sample by drying the sample to a 

constant weight. The sample was weighed to get the initial 

weight and dried to constant weight at a temperature of 

125oC in an oven, allowed to cool, reweighed and recorded 

as the final weight. The percentage moisture content was 

calculated thus; 

 

100(%) x
D

CD
ntentMoistureCo

−
=   (3) 

 

Where 

D = Initial weight   

C = Final weight 

 

2.3.4. Determination of Bulk Density  

Bulk density of the various samples was determined by the 

tapping procedure in accordance to ASTM D7481 and 

Hussain et al. (2010) [8]. Accurately weighed samples was 

poured into a uniform cylinder of cross sectional area and 

then tapped several times until there was no change in the 

volume occupied. The volume was recorded and the bulk 

density calculated using the formula. 

 

Volume

Mass
cmgyBulkDensit =)3/(  (4) 

 

2.3.5. Determination of pH  

The pH of the pulverized castor seed shell was determined 

using ASTM D1512 method. The samples were immersed 

in a beaker containing distilled water. The mixture was 

stirred for few minutes and the pH meter was inserted into 

the solution to obtain direct readings. 

 

2.3.6. Determination of Thermal Stability 

The thermal stability of the castor seed shell powdered was 

determined using the flammability test described by ASTM 

D7895/D7895M-14 which was also reported by Costa et al. 

(2008). The procedure is carried by measuring known 

quantity of the powdered filler and then burn in open air 

using stop watch to determine the time taken for the sample 

to completely combusted in air. 

 

2.3.7. Determination of Lignin Content  

The lignin content the castor seed shell powdered was 

determined according to ASTM D1106. One gram of oven 

dried sample of extractive free powdered filler was placed in 

a breaker. Cold Sulphonic acid 72% was added slowly while 

stirring to mix well. The reaction was preceded for about 2h 

with frequent stirring in a water bath maintained at 20oC. 

The content of the beaker was filtered after washing with 

distilled water into a glass crucible of known weight. The 

residue was washed free of acid with hot water and them 

oven dried. Residues was cooled in desiccators and weighed 

and lignin content was determined using the formula below. 

 

)]100()100[(
(%)

AxB

DxC
entLigninCont

−−
=  (5) 

 

Where 

A = Weight of Sample before drying (g) 

B = Weight of oven dried sample (g) 

C = Weight of oven dried crucible (g) 

D = Weight of oven dried residue and crucible (g) 

 

2.3.8. Determination of Hemicellulose Contents 

Hemicellulose was determined using the method described 

by ASTM D1104-56. Two-gram oven dried castor seed 

shell filler was weighed and placed into a flask with a small 

watch glass cover. 150cm3 of distilled water and one-gram 

cold glacial acetic acid was added and placed into a water 

bath and stirred constantly for about one hour after which 

the flask is again placed in an ice water bath. The change in 

colour is then observed from yellow to white. Hemicellulose 

is calculated using the equation below. 

 

)]100()1000[(
(%)

AxD

CD
oseHemicellul

−

−
=  (6) 

 

Where: 

A = Weight of Sample before drying (g) 

C = Weight of oven dried sample (g)  

D = Weight of oven dried crucible (g) 

 

2.3.9. Determination of Cellulose Content 

Cellulose in castor seed shell filler was determined 

according to ASTM D1103. Three-gram oven dried sample 

of cellulose extracted from the filler was placed in a flask 

with a small watch glass cover. The sample was treated with 

sodium hydroxide (NaOH) and thoroughly mixed for one 

minute and allowed to react for 30min and 50cm3 distill 

water was added. The contents of the flask were filtered into 

a glass crucible of known weight and the residue washed 

first with NaOH, then with acetic acid. The crucible and the 

content were oven-dried and cooled in desiccators. The 

cellulose content was obtained using the equation below. 

  

])1000[(
(%)

xAB

CD
Cellulose

−
=  (7) 

 

Where 

A = Weight of Sample before drying (g) 

B = Weight of oven dried sample (g) 

C = Weight of oven dried crucible (g) 

D = Weight of oven dried residue and crucible (g) 

 

2.3.10. Fourier Transform Infrared Test (FTIR) 

The functional groups present in the pulverized castor seed 

shell was determined using the Fourier Transform Infrared 

Spectrometer taking in the spectral range of 4000 – 400cm-1 

with the resolution of 4cm-1. The procedure was adopted 

using ASTM D5986-96 to determine the various functional 

groups present. 

 

2.3.11. Micro-Structural Analysis 

The micro-structural analysis was carried out in accordance 

to ASTM E2809-13. A specimen sample usually non-

conductive was made conductive by coating with gold metal 

onto it and was cut into specified dimension using a sputter 

cutting machine. The sample was placed on the column of 

the Scanning Electron Microscope (SEM) where the image 
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was focused using navigation camera and was transferred to 

electron mode in accordance to the desired magnification, 

which reveals the cracks areas, pores, bundles and voids 

present in the sample. 

 

3. Results and Discussion 

3.1. Filler Characteristics 

The results in Table 1 showed a decrease in bulk density of 

the treated castor seed shell (TCSS) filler when compared 

with the untreated castor seed shell (UCSS) filler. However, 

the weight of the treated castor seed shell (TCSS) powder 

and the untreated (UCSS) filler were of proximate values. 

The investigated values obtained were 0.45g/cm3 for the 

treated castor seed shell (TCSS) and 1.58g/cm3 for the 

untreated (UCSS) filler, which could be attributed to the 

treatment given to the treated powdered filler. 

Water absorption was used to determine the amount of 

water absorbed under specified condition. Factors affecting 

water absorption include; type of material, additives, 

temperature and length of exposure, which sheds light on 

the performance of the material in water or humid 

environments (Kim, Kim & Chowdhury, 2007) [9]. The 

influence of degree of moisture absorption properties are 

presented in Table 1 at moderate relative humidity. The 

result showed TCSS powder has lower moisture absorption 

property than UCSS, which might be due to the treatment 

given to the filler. 

Thermal stability is defined as no change in micro-structural 

level (Luo, 2006) [13]. The investigated result showed that 

the materials tested were thermally stable as presented in 

Table 1. This showed that chemical treatment can increase 

the thermal stability of the treated filler as a result of the 

consumption rate of the material per minutes i.e. burning 

test (Mei and Lu, 2007) [16]. The reason for these is the fact 

that chemical treatment confers on the shell powder 

hydrophobicity and increase tenacity of the fibrous material 

(Ma, Lee & Oh, 2010) [14]. The treated fibres showed better 

thermal stability compared to the untreated which was due 

to the washing out of wax, lignin and hemicelluloses from 

the fibre surface (Messori and Mittal, 2011) [17]. 

The results of the chemical constituents presented in Table 1 

showed a reduction in percentage of lignin and 

hemicellulose for the TCSS filler when compared to the 

UCSS filler while there was a significant increase in percent 

of the cellulose content which is expected because more 

lignin and hemicellulose are gradually removed as a result 

of the chemical treatment thereby increasing the yield of 

cellulose in the fibre (Mishra and Shimpi, 2005) [19]. 

The influence of chemical treatment on the composition of 

the castor seed shell fibres presented in Table 1 showed that 

the cellulose contents increased for the treated fibres which 

is due to the extraction of lignin and extractible. This is 

because of degradation of cellulose increased amorphous 

content and accelerated hemicelluloses deposition on the 

fibre surface (Le, Ilisch & Radusch, 2009) [12]. The lignin 

content was also observed to have drastically reduced due to 

solubility of the lignin (Nakason, Pechurai, W., Sahakaro, 

K. and Kaesaman, 2006) [20].  

The pH of the powdered fillers presented in Table 1 for 

chemically treated castor seed shell powder showed an 

increased value with concentrations of mercerizing agents 

(NaOH) thus, revealing fibre purification when compared 

with the untreated fillers. However, pH at acidity level tends 

to slow cure and moulding rate respectively. Hence, pH at 

alkaline level to perform better in vulcanization of rubbers 

which in forms the choice of fillers during compounding 

(Mohanty, Misra, Aizal & Kellys, 2001) [18]. 

 
Table 1: Characteristic Properties of Castor Seed Shell 

 

Conc (%) Cellulose (%) 
Moisture 

Absorption (%) 

Lignin 

Content (%) 
Thermal Stability (g/s) 

Hemicellulose 

(%) 
pH 

Bulk Density 

(g/cm3) 

20 (83.08) [15.43] (2.56) [5.24] (8.01) [17.78] (1.35) [2.87] (7.35) [12.23] (8.15)[5.09] (0.45) [1.58] 

Particle Size 75µm 

Key: Treated Filler (TCSS) Untreated Filler [UCSS] 
 

3.2. Fourier Transform Infra-Red  
The FTIR results in Figures 4 and 5 showed the spectra of 
untreated pulverized castor seed shell powder (UCSS) and 
chemically treated pulverized castor seed shell (TCSS) 
respectively. The spectra showed three significant changes 
in the chemical structure of the untreated and treated 
pulverized castor seed shell showed. The FTIR spectra of 
the untreated powder showed strong characteristics carbonyl 
absorption peak at 1790cm-1. This is attributed to the acetyl 
and ionic ester groups of the hemicellulose and carboxylic 
groups of the acids (ferulic and p-coumonic) present in 
lignin and hemicellulose (Omran, Youssef, Ahmed, Abdel-
Bary & Hellipolis, 2010) [21]. The peak at 1527.67cm-1 
showed the aromatic c=c stretch of the aromatic rings 
present in the lignin (Kiss, Söderlund, Niklasson & 
Granqvist, 1999) [10]. 1658.54cm-1 c=c stretching confirmed 
the presence of lignin aromatic ring. The FTIR spectra of 
the treated powder showed the removal of some pectins, 
lignin and hemicellulose resulting from the varnishing 
characteristics band at 1790cm-1 (carboxylic groups) and the 
reduction in the intensity of 1249.91cm-1 (methyl ester 
groups) and the reduction in the intensity of 1527.67cm-1 
(aromatic c=c stretching). The result showed that the 

treatment has strong effect on the fillers and had removed 
some amount of pectin, lignin and hemicellulose (Kim et 
al., 2007) [9]. Hydroxyl-stretching frequencies of UCSS 
were observed. The band at 3626cm−1 is attributed to 
hydroxyls coordinated with the magnesium (Omran et al., 
2010) [21]. Bands at 3325.39 and 3510.56cm−1 are attributed 
to the symmetric and antisymmetric stretching modes of 
molecular water coordinated with the magnesium at the 
edges of the channels (Ma et al., 2010) [14]. The band at 
3626cm−1 is due to the water in the UCSS structure (Luo, 
2006) [13]. The FTIR spectra of the hydroxyl stretching 
bands of UCSS disappeared with the chemical treatment 
process. The Figure 3.1 and 3.2 clearly showed the decrease 
in the intensity of these bands with the chemical treatment. 
However, the band at 1334.78cm−1 remains prominent and 
is attributed to Si–O stretching (Magaraphan, Thaijaroen & 
Lim-Ochakun, 2003) [15]. These two bands are not lost 
because they are associated with the OH translation peak 
and O–Si–O bend vibration peak, respectively (Patnaik, 
Satapathy & Chand, 2010) [22]. Compared with that of 
TCSS, the FTIR spectrum of UCSS did not changed except 
that the intensity of the band was disappeared which might 
be attributed to impurities present in UCSS.  
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Fig 4: FTIR of Untreated Castor Seed Shell Powder 

 

 
 

Fig 5: FTIR of Treated Castor Seed Shell Powder 

 

3.3. Scanning Electron Microscope  

The SEM micrographs in Figures 6 – 8 showed the 

morphology of the various fillers of UCSS, TCSS and CB 

respectively. The progressive interphase at the transition 

zone of both fillers were showed and the morphological 

structure of the progressed surfaces. The results were 

interpreted in reference to ASTM C1723 (2010). The SEM 

morphology of the UCSS powder showed a dense structure 

with the production of ettringite within the structure. 

However, the presence of highly define packed particles was 

present in the micro structure of the TCSS revealing 

minimum pores and voids which showed that TCSS will aid 

the interaction of filler particles in matrices and propagate 

adherence when incorporated in polymer matrices (Kiss et 

al., 1999) [10]. The micro-structure of the CB fillers showed 

aggregations in the packing order within the surface 

structure revealing tendencies to fracture surfaces which 

may reduce compaction when incorporated into polymer 

matrices. However, due to the large surface area available to 

network and interact with matrices, there is high tendencies 

that both fillers will react adequately with the matrices 

(Patnaik et al., 2010) [22]. Large surface area improves 

adhere and filler incorporation in polymer matrices when 

compared to small surface area networks. In addition, 

Omran et al., (2010) [21] observed that the interfacial 

between coarse, fine and ultra-fine aggregate and reveals 

particle bond weakness. Stress may initiate the propagation 

of micro-cracks in the fillers which further decreased the 

strength of vulcanizates. 
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Fig 6: SEM Micro-Graphs of UCSS Powder 

 

 
 

Fig 7: SEM Micro-Graphs of TCSS Powder 

 

 
 

Fig 8: SEM Micro-Graphs of CB Powder 

4. Conclusion 

The research investigated the effects of chemical 

modification on the filler properties of pulverized castor 

seed shells. The results showed that chemical modification 

purifies and treatment affects the filler properties by 

decreasing the hydroxyl groups within the fibre interface 

thereby increasing the hydrophobicity of the fibres. These 

results predict the potential application of the modified 

castor seed shell powder filler. 
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