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Abstract 
An effort to partially replace carbon black as a filler in natural rubber 

polymers was attempted due to global concern on carbon black becoming 

a potential health risk to humans. More so incorporating natural starch as 

a biofiller in natural rubber through a new latex compounding procedure 

has introduced a new dimension in reducing the particle size of starch 

granule from few micrometer to nanoscale allowing it to mix and blend 

thoroughly with the natural rubber molecules supposedly at molecular level 

in the liquid medium during the co-coagulation process and at 

compounding. Enhancement in macro properties was observed when 

Polynesian arrow root (PAR) starch filler was introduced into natural 

rubber biopolymer in gelatinized form at 30 parts per hundred rubber (phr) 

in a latex compounding procedure. The PAR starch/natural rubber blend 

was compounded in a two-roll mill and cured by Sulphur vulcanization and 

accelerators system according to ASTM standard method, D3184-80. There 

was improvement in tensile strength, resilience and hardness in the newly 

formulated biopolymer-for tensile strength, PAR starch/natural rubber is 
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57.43Nm-2, unfilled rubber (NR) is 21.90Nm-2 and the Control (Carbon 

black filled Natural rubber) is 87.63Nm-2. X-ray diffraction analysis 

showed that the formulated biopolymer is semi crystalline. Fourier 

Transform Infra-red (FTIR) revealed the presence of the carbon-carbon 

double bond of cis-1, 4-polyisoprene molecule at stretching band of 

1644.5cm-1 while O-H stretch for free hydroxyl and OH bonded gave 

3865cm-1 and 3476cm-1 indicating the presence of starch molecule in the 

PAR starch/NR biopolymer. More so higher values of crosslink density from 

swelling tests, 33.5, 33.1 and 44.0molcm-3 at 10, 20 and 30phr filler loading 

is an evidence of strong filler-rubber interaction and adhesion at the 

interfaces produced by the hydrodynamic effect. Second evidence of strong 

filler-rubber interaction is the absence of phase separation during and after 

the compounding and curing processes hence PAR starch filler can 

partially replace carbon black as filler in natural rubber biopolymers with 

application in automobile tire manufacture with cost, weight and energy 

saving advantages.  

 

Keywords: Natural rubber, Starch, Filler, Carbon black.   

 

 

Introduction 
The observation of International 

Agency for Research on Cancer 

(IARC) by rating Carbon black  as 

IARC classification 2B-possibly 

carcinogenic  to humans and 

definitely carcinogenic to animals 

(Stelescu et.al.,2017) and the high 

cost of Carbon black filler derived 

from petroleum resource has 

necessitated a search for alternative 

reinforcing biofillers for the rubber 

industry that are cheap, renewable 

,non-toxic and abundant in nature. 

Recently, eco-friendly biopolymers 

has attracted widespread and global 

interest due to popular environmental 

concerns. Furthermore, development 

of natural and synthetic rubber 

biocomposites without eco-toxicity, 

represent a strong and emerging 

answer for improved and eco-friendly 

biomaterials, Pothen & Thomas et al, 

(2012). 

The effectiveness, physical and 

mechanical properties of cured natural 

rubber in automobile tire manufacture 

in terms of tensile strength, tear 

strength, elastic modulus and abrasion 
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resistance will not be strongly enhanced and reinforced without the introduction 

of Carbon black filler (Bhatnagar ,2010). For many years now, Carbon black 

has been the most widely used and the conventional reinforcing filler in natural 

rubber products especially in automobile tire manufacture (Sasaki & 

Matsuki,1998). More than 90% of the Carbon black produced globally is used 

by the rubber industry as a reinforcing filler in automobile rubber tires, tubes, 

tiles, hoses    and other rubber goods (Bhatnagar,2010). Carbon black filler is 

widely known to increase the tensile strength, tear strength, abrasion resistance, 

elastic modulus and hardness in natural rubber polymer products in addition to 

serving as a catalyst in the curing process. Carbon black also increases the 

strength of rubber elastomers (both natural and synthetic) by up to 10 to 20% 

(Bhatnagar, 2010; Allan,2017). However, carbon black origin from petroleum 

makes it costly and expensive and adds to production cost of automobile tires 

in addition to high weight of tires and related high consumption of petrol fuel 

and in automobile consequential release of Carbon iv oxide and Carbon ii oxide 

into the atmosphere (Zhang et. al., 2004). According to Easy chemtrade, UK, 

an international market organization, Carbon black (grade N330 and N220) cost 

about USD $700-950 per ton, finely divided Silica (grade LM333) about $900 

per ton while Cassava starch (industrial grade) cost about USD $180-$250. 

Apart from the above, the IARC has rated Carbon black as potentially 

carcinogenic to humans being graded classification-2B, a health risk in addition 

to having the capacity to cause lung damage upon prolonged exposure and 

occupational illnesses among rubber compounding operators in the rubber 

industry (Li & Ryong Cho,2012; Stelescu et. al., (2017).   Based on the above 

developments, it is essential and expedient to search for alternative filler for 

natural rubber and its related derivatives that is cheap, clean, renewable, non-

toxic, with relative abundance and environment-friendly. The earliest research 

efforts in introducing starch material into natural rubber as reinforcing agent is 

traced down to the 1970s when scientists prepared crosslinked starch xanthide 

-rubber master batches by co-precipitating mixtures of soluble starch xanthide 

and rubber lattices during which starch xanthide was crosslinked. In prepared 

curds, starch was the continuous phase while the latex particles the disperse 

phase. The starch-rubber crumb was further extruded to produce a phase 

inversion and as a consequence, it was demonstrated that crosslinked starch 

xanthide could be used as an effective rubber reinforcing agent especially in 

improving the fatigue life and abrasion resistance when used to partially replace 
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Carbon black in a premium thread in automobile tires (Zhang et.al.,2004).   

Starch, a semi-crystalline natural polymer stored in granules as a reserve in most 

plants is renewable, non-toxic, relatively abundant, clean, cheap and 

environment friendly (Novelo & Bentacur, 2005; Zhang et. al., 2004). Starch 

has recently received attention as a filler for polymer composites (or as a 

component of polymer blends) because of its cost effectiveness and high-

volume availability. Both granular and functionalized starches have been used 

in combination with other polymers such as natural rubber, polypropylene 

carbonate, poly caprolactone, polylactic acid, polybutylene succinate, poly (3-

hydroxybutyrate), polyvinyl alcohol, linear low-density polyethylene, Ohikita 

and Lee (2005); Kim (2012); Yakubu et. al., 2011; Uzoh & Buba et. al., (2018).  

In this research work however, starch was extracted from a non-popular, non-

economic plant, Tacaleontopetaloides (L) Kunze, Polynesian arrow root (PAR) 

locally known as ‘amora’ among the inhabitants of North Central Nigeria. The 

PAR starch was used as a filler without any chemical modification in natural 

state and was introduced into natural rubber as a dispersed phase in gelatinized 

form and co-precipitated with the rubber latex by the aid of an aqueous 

electrolyte. The following factors were put into consideration in the design of 

this research and they are as follows. The mechanical properties of starch-filled 

rubbers actually depend on the dispersion level, interfacial interaction and 

adhesion and the type of starch. Generally, it is found that the reinforcing action 

of a filler depends upon its nature (chemical composition), particle size, type of 

elastomer and the amount of filler introduced (Billmeyer, 2007). More so the 

polar nature, high melting point and large particle size of starch make it difficult 

to finely disperse starch in a rubber matrix. Therefore, incorporation of starch 

into rubber by direct blending(meltmixing) has resulted in a micro-composite 

with large dispersed particles which caused significant deterioration of 

mechanical properties of rubber vulcanizates in previous attempts and 

especially the resistance to abrasion and the tear properties (Zhang et. al., 2004). 

Therefore applying a latex compounding procedure using gelatinized starch 

helps to eliminate the above mentioned problems in addition to reducing the 

particle size of starch and dissociating the hydrogen bond in starch thereby 

paving way for rubber latex particles which are generally smaller than 100 

nanometer to be  mixed with starch uniformly and directly co-precipitated with 

an aqueous electrolyte to give a fine dispersion without phase separation at any 
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point of the compounding and curing processes (Zhang et. al., 2004). The 

effects of the Polynesian arrow root (PAR) starch filler on the physical and 

mechanical properties of the formulated starch/natural rubber biopolymer was 

investigated with reference to Carbon black filled natural rubber which served 

as the control.  

 

MATERIALS AND METHODS 

Materials / Chemicals 

Local variety of the starchy crop ‘amora’ (Polynesian arrow root), 

Taccaleontopetaloides Kunze was harvested from a Cassava farm in Paiko 

village, Gwagwalada FCT, Abuja.  Natural rubber latex (dry rubber content, 

30%) was obtained from Rubber Research Institute of Nigeria (RRIN) 

Iyanomo, Edo state. Calcium Chloride, (BDA) was purchased from laboratory 

store along  

Sapele road, Benin, Edo state. Compounding chemicals and additives (Zinc 

oxide, Stearic acid, Mercaptobenzothiazole, Tetramethyl quinoline, Sulphur 

and Carbon black (industrial grades) was supplied by Parchem fine and 

specialty chemicals. 

 

METHODOLOGY  

PREPARATION OF STARCH/NATURAL RUBBER BLENDS. 

Starch was extracted from the ‘amora’ crop, Polynesian arrow root (PAR) 

according to the method of Vasanthan (2001) and characterized in terms of 

particle size, PH and amylose and amylopectin percentage composition 

according to association of official analytical chemist (AOAC, 2010). The 

gelatinized starch was prepared according to the method of Zhang et al (2004) 

with starch content at  

5- 90 part per hundred rubber(phr). The starch aqueous suspension was stirred 

at 900C in a water bath for 30 minutes until the solution became transparent. 

When the solution cooled to ambient temperature, a starch paste (gelatinized 

starch) was obtained. The gelatinized starch and the rubber latex (30% DRC) 

were mixed and stirred vigorously for 30 minutes to harmonize properly and 

then 10%wt Calcium Chloride aqueous solution was added to co-coagulate the 

rubber latex and gelatinized starch mixture. The coagulum was washed in water 

and passed through the rollers in the Lohashilpi sheeting machine and 
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compressed into thin sheets with embossed ribbed pattern. The coagulum sheets 

were washed in water and allowed to drain off water droplets and then cut into 

thin shreds (short strands) with scissors, labelled and placed in a dry oven at 

800C for 18 hours and prepared for compounding and vulcanization.  

 

COMPOUNDING PROCEDURE  

The formulation for the compounding of the starch/natural rubber blend is 

shown in table 1. The compounding was carried out in accordance with 

American society for testing and materials (ASTM) D3184-80 in a two-roll mill 

and was cured using Sulphur as curing agent, according to the formulation in 

Table 1. The control sample (reference) Ro, was also compounded and filled 

with carbon black at 30 Phr. Test samples of dumbbell shapes (3pieces) each 

were punched out from the vulcanized starch/rubber sheets for mechanical 

properties testing on Instron Universal Testing Machine (UTM) such as tensile 

strength and elongation at break.  

 

Table 1: Typical formulation for the starch/rubber blends in part per 

hundred rubber (Phr).  

Components Quantity (Phr) 

Natural rubber  100 

Starch  0,5,10-90. 

Zinc oxide  5 

Stearic acid 2 

MBT 3 

TMQ 1 

Sulphur 3 

Carbon black 30 

Key: MBT= Mercaptobenzothiazole (Captax) 

TMQ= Tetramethyl quinolone 

 

Particle Size and pH Determination 

Particle size of the PAR starch granules were determined according AOAC, 

(2010). 1g of the starch granule was dissolved in 25cm3 of distilled water and 

transferred to a glass slide and viewed under Olympus electric binocular 

microscope at four objective lens magnification. The pH was also determined 
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using Medfield digital pH meter at 1g of starch in 25cm3 of distilled water. The 

probe of the pH meter was placed inside a beaker containing 25cm3 of the 

starch suspension to read the pH of the starch sample digitally (AOAC,2010). 

 

Determination of Amylose and Amylopectin Composition Ratio in PAR 

Starch Sample. 

The amylose and amylopectin percentage composition in the PAR starch 

sample was determined using High performance liquid chromatography 

(HPLC) Buck Scientific BLC 10/11 model according to the standard method of 

Association of Official Analytical Chemists (AOAC,2000). The mobile phase 

was prepared by dissolving methanol in water in the ratio, 95:5. They were 

mixed appropriately and filtered using filtration gadget and HPLC membrane 

filter paper and sonicated for 20 minutes. 2g of starch sample was placed inside 

25cm3 standard volumetric flask and made up with mobile phase. It was 

refluxed, centrifuged, decanted and then filtered using HPLC grade filter paper. 

Analysis was performed by injecting 20uL of the prepared sample into the 

HPLC equipped with UV 205 nm detector. A C-18, 4.5 x 150 mm, 5 column 

and a mobile phase of 95:5 (methanol: water) were used at a flow rate of 

1.00mL/minute at room temperature. A 0.1 mg of mixed standards 

(amylose/amylopectin) were analyzed for identification. Peak identification 

was done by comparing the retention times of authentic standards and those 

obtained from the prepared starch samples. The concentrations were obtained 

using a four-point (0.1ppm,0.2ppm,0.3ppm and 0.4ppm) calibration curve. The 

area values were then fed into a computer programmed analyzer/device to read 

the concentrations of amylose and amylopectin in the sample. 

 

Characterization of the PAR Starch/Natural Rubber Biopolymer  

Tensile strength and Elongation at break measurements 

Tensile strength (Mpa) and elongation at break (%) were determined using 

Lloyed instrument machine, Instron universal testing machine (UTM), model 

EZ20 according to ASTM D412 method at a speed rate of 500 mm/min using 

three (3) dumbbell test pieces at an average of three measurements per each 

specimen. 

 

Hardness test 

Hardness test measures the resistance of a rubber material to a small rigid object 

pressed onto the surface at a certain force. Type A durometer gauge was used 

to measure hardness in international rubber hardness degree (IRHD) in the PAR 

starch/Natural rubber biopolymer material according to ASTM D2240. Type A 
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durometer measures indentation hardness which is the material resistance to 

indentation by an indentor. 

 

Swelling tests 

Swelling tests on the PAR starch/natural rubber vulcanizates were carried out 

in toluene solvent according to ISO 1817. The cured test pieces (round shape 

pieces) were weighed accordingly and swollen in toluene until equilibrium is 

reached (72 hours) at room temperature as indicated by constant weight. The 

starch/rubber samples were taken out from the toluene, cleansed with tissue 

paper and reweighed using a weighing balance. The samples were then dried in 

the oven at 60oC for 2 hours until constant weight is obtained. The swelling 

tests results were used to calculate   the molecular weight between two crosslink 

(Mc) and the degree of crosslink density (Vc) applying the Flory Rehner 

equation:  

 

𝑀𝑐 =  
−𝑝𝑝𝑉𝑆𝑉𝑟 1 3⁄

𝐼𝑛(1−𝑉𝑟)+𝑉𝑟+𝑥𝑉𝑟 2
     - - - -  - Equation 1 

 

𝑉𝑟 =  
1

1+𝑄𝑚
     - - - - - -  - Equation 

2 

 

𝑉𝑐 =  
1

2𝑀𝑐
     - - - - - - -  Equation 3 

                                                                

Where p is the rubber density (p of NR =0.92 g/cm3), 

Vs is the molar volume toluene (Vs =106.4cm3/mol), 

Vr is the volume fraction of the polymer in the swollen specimen, 

Qm is the weight increase of the rubber blends in toluene and 

X is the interaction parameters of the rubber network-solvent (X of NR =0.393). 

Other swelling parameters calculated include the molar percentage uptake of 

the solvent, Qt, swelling index percentage and the swelling coefficient,  

 

𝑄𝑡 =  
𝑊2−𝑊1/𝑀𝑠

𝑊1
 𝑋 100   -  - -  - Equation 4 

 

Swelling index % =  
(𝑊2−𝑊1)

𝑊1
   𝑋 100- -- -  - Equation 5 
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Where W1
 = Initial weight of the polymer before swelling,   

W2 = final weight of the polymer after swelling, 

Ms = molar mass of the solvent,  

 

Swelling coefficient   α = {As/m} × [ 1/d], 

Where As = weight of the solvent sorbed at equilibrium swelling,  

m = mass of the sample before swelling,  

d = density of the solvent used. 

 

X –Ray diffraction (XRD) Analysis 

X-ray diffraction analysis was carried out according to the method described by 

Zhang et al., (2004). Diffraction patterns of the samples were obtained by the 

use of X-ray diffractometer, Schimadzu 6000 model using a Cu target at 40Kv, 

30mA run between 0o to 120o theta Bragg angle at a rate of between 2 to 10 

degrees per minute. The Rubber/starch biopolymer being a mixture of semi-

crystalline and amorphous material is expected to produce both diffraction 

peaks and ridges on the diffraction patterns (diffractogram). The diffraction 

patterns of the rubber/starch biopolymer, NRA30 and carbon black filled 

sample, NRCB, (the control sample) are shown in figure 1 and 2 respectively. 

 

Fourier transform infra-red (FTIR) Spectrometric analysis. 

Fourier transform infra-red (FTIR) analysis was carried out by the method 

described by Mostafa et al., (2015). FTIR was used to detect the absorption 

bands of associated functional groups and the nature of interaction between the 

various components of the natural rubber/amora starch biopolymer. Perkin 

Elmer, spectrum BX, England instrument with KBr discs was employed for the 

analysis. The FTIR spectroscopy measurements were made and the peaks are 

indicated in the chart under results and discussion. The wavelength cm-1 range 

is between 4000 to 400 cm-1. The infra-red spectra absorption bands of the 

rubber samples plus the reference samples, pure starch and pure natural rubber 

are shown in Tables 5,6 and 7 respectively. 

 

Results and Discussion 

The particle size, pH, amylose and amylopectin percentage composition of the 

Polynesian arrow root (PAR) starch, are presented in Table 2 below. The pH is 
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approximately neutral while the amylose and amylopectin percentage 

composition is 14.86 and 84.97 respectively. 

  

Table 2: Particles size, pH, amylose and amylopectin composition of the PAR 

starch sample.  

Components  Particles Size 

(µm) 

PH Amylose 

% 

Amylopectin 

%  

PAR 

Starch(amora) 

156x47 6.9 14.86 84.97 

 

Mechanical properties:   

The tensile strength (TS) of cured natural rubber, NR0 without any filler 

reinforcement (carbon black or starch) was 21.9 Mpa which is very poor 

compared to TS of starch reinforced natural rubber at 30phr filler loading 

(57.4Mpa) or carbon black reinforced natural rubber at 30phr filler loading 

(87.6Mpa). The elongation at break % value of NR0 was high (17069) due to no 

reinforcement and therefore no restricted mobility as a result of filler 

reinforcement. More so, the hardness of the sample was very low indeed (20-

21). However, at 30phr PAR starch filler loading, the TS of the natural rubber 

improved to 57.4Mpa with elongation at break % value at 10007 and hardness 

value of 47-48. However, from 40phr filler loading to 80phr filler loading, a 

phase inversion occurred in which the TS of the rubber/starch biopolymer 

dropped drastically resulting to the PAR starch filler becoming the continuous 

phase and natural rubber the dispersed phase. At 80phr filler loading, a 

biopolymer material was produced which will be more of plastic in behavior 

than an elastomer due to phase inversion. With this development, 30phr filler 

loading has become the optimum filler limit for PAR starch filler in natural 

rubber with optimum TS at 57.4Mpa. However, the experimental control 

sample, NRCB, filled with Carbon black produced a higher value of tensile 

strength, (TS) of 87.6Mpa and hardness value of 66-88 IRHD with moderate 

elongation at break percentage value of 6807. The unique properties of Carbon 

black filler, such as its nano size dimension(10-50nm), spherical shape, and the 

wettability by the natural rubber contributed to the high value of tensile 

strength, and hardness. Although the elongation at break % of Carbon black 

filled natural rubber (NR) was low, 6807 compared to PAR starch filled NR, at 
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30phr which is much higher,10007. The elasticity of NRCB sample decreased 

at 30phr loading yielding a more tougher rubber material. It can be inferred that 

Carbon black filler particles restricted the mobility and deformability of the 

rubber matrix macromolecules giving a high tensile strength value and 

moderately low elongation at break %.  

 

Table 3: Effect of PAR Starch(amora) filler on mechanical properties of natural 

rubber/starch biopolymer.   

Filler quantity 

(Phr) 

Tensile strength 

(MPa) 

Elongation 

break (%) 

at  Hardness 

(IRHD) 

NR0 21.9 17069 20-21 

5 20.3 13866 52-53 

10 13.3 4850 56-57 

20 8.9 2883 52-53 

30 57.4 10007 47-48 

40 12.3 2600 44-45 

50 16.7 2666 51-52 

60 37.2 5711 54-55 

70 46.2 13567 59-60 

80 58.2 14895 44.45 

90 20.6 3112 59-60 

NRCB 87.6 6807 66-88 

Key: Phr = part per hundred rubber. 

MPa = Mega pascal. 

IRHD = International Rubber Hardness Degree. 

NR0   = Cured natural rubber without any filler 

NRCB = Natural rubber filled with Carbon black at 30phr   

 

Swelling Tests Analysis. 

Table 4 below displayed the results of the effect of Toluene solvent on the 

swelling properties of the formulated natural rubber/starch biopolymer. 

Swelling tests on polymers show the behavior of polymers in designated 

solvents. An important difference between a vulcanized rubber and raw 

unvulcanized rubber is that the former possesses a structure which cannot be 

broken down completely by any solvent. The material therefore swells and 
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cannot be dissolved nor dispersed. Swelling test enables us to access the filler-

rubber adhesion. Fillers if bonded effectively are supposed to restrict the 

swelling of the elastomers under study.  According to Table 4, the molar percent 

uptake of solvent, swelling index, and swelling coefficient decreased as the 

filler loading increased 10 to 30 Phr in the formulated biopolymer. Also, the 

degree of crosslink density (Vc) was found to be inversely proportional to the 

molecular weight between two crosslinks (Mc). In other words, as the Vc, 

increases, the Mc, decreases proportionally and consistently. From the results 

below, all the values of degree of crosslink density (Vc) all exceeded 20 

indicating a good filler-rubber adhesion and interaction and since phase 

separation nor phase inversion did not occur at 30phr filler loading, the filler 

and rubber matrix all blended and bonded very well and the good mechanical 

properties recorded in Table 3 are evidences of this good interaction and 

adhesion between the PAR starch filler and the natural rubber matrix. The 

degree of crosslink density (Vc) value of the control sample (Carbon black 

filled rubber) i.e. NRCB30 was found to be 51.9 in comparison with 44.0 for the 

formulated PAR starch filled natural rubber, indicating that PAR starch filler 

could serve as a partial replacement for Carbon black.     

 

Table 4: Effect of Toluene solvent on the swelling property of natural 

rubber/starch biopolymer. 

Filler 

quantity 

(phr) 

Initial 

weight 

(g), 

W1 

Final 

weight 

(g), 

W2 

Solvent 

sorbed at 

swelling 

(W2-W1) 

Molar 

% 

uptake, 

Qt 

Swelling 

index 

(%) 

Swelling g 

coefficient  

Degree  of 

crosslink 

density 

(Vc) 

10-5 

Molecular 

weight btw 

two 

crosslink 

(Mc) 

10 1.80 7.50 5.70 3.44 317 3.66 33.5 149.46 

20 1.90 7.70 5.80 3.32 305 3.52 33.1 151.10 

30  1.6580 5.3143 3.6563 2.40 221 2.55 44.0 113.62 

NRCB30 2.0284 4.8023 2.7739 1.49 137 1.58 51.9 96.36  

  

 X-Ray Diffraction Analysis. 

X-ray diffraction results for the control sample, NRCB (Carbon black filled 

natural rubber) and that of PAR starch filled natural rubber, (NR) are displayed 

below in figures 1 and 2 respectively. Both of the x-ray diffractograms showed 
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that both polymer materials are a combination of semi crystalline and 

amorphous nature as indicated by the peaks and the ridges but however, the 

PAR starch filled natural rubber, (NR) displayed a higher crystalline nature by 

the value of the intensity of above 1900 at 200 peaks. On the other hand, the 

control sample produced an intensity of 900 at the peak value of 200 much less 

than the 1900 intensity value of the PAR starch filled NR.  Generally, most 

elastomers are a combination of a mixed nature, amorphous and crystalline 

structure and even the PAR starch filler is also a semi-crystalline natural 

polymer comprising amylose and amylopectin molecules. While amylose is a 

linear chain polymer, amylopectin is a multi-branched chain network.  

 
Diffraction peaks in degree 

Figure 1: X-Ray diffractogram of the control sample (NRCB 30)C 

 

 
Diffraction peaks in degree  
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Figure 2:  X-ray diffractogram of sample NRA30 . (PAR, amora Starch filled 

Natural rubber). 

 

Fourier Transform Infrared spectrophotometric Analysis. 

When two or more substances are mixed in a blend, physical blending or 

chemical interactions are reflected by the changes or appearances in absorption 

bands. Therefore, FTIR analysis indicate whether or not changes have occurred 

and also shows the formation of new chemical bonds and functional groups 

available. Table 5, 6 and 7 shows the recurring FTIR absorption bands of 

prominent functional groups common to all the rubber/starch blend and the 

control sample plus the starch standard sample.  There was O-H stretch in the 

range of 3466-3777cm-1 in both the starch sample and the rubber/starch 

biopolymer preferably indicative of the O-H groups in starch molecules. 

Moreso, C-H stretch and C-H bend at 1450cm-1 as well as CH3-C-H bend at 

1377.52cm-1 are all indicative of the hydrocarbons at the isoprene backbone in 

rubber/starch molecular architecture. These observations above are further 

supported by the work of Riyajan and Patisat (2018) where hydroxyl groups 

absorption bands occurred at 3227cm-1 for H-bonded type. Also, the C-H out 

of plane bend of the cis-1,4 addition was recorded in the range of 1459-1377cm-
1 in the rubber blends   Coates, (1996) and Peng et. al., (2016).   

 

Table 5:  FTIR spectral analysis results of PAR (amora) starch/ rubber 

biopolymer at 30phr filler loading. 

Absorption 

cm-1   

Assignment   Tentative Functional 

Group   

3777.00   O-H stretch    Alcohol   

3466.00   O-H, stretch   Alcohol   

2920.70   C-H stretch   Alkyl, Alkane   

2855.41   C-H stretch   Alkyl, Alkane   

2279.00   Nil   Nil   

1735.00   C=O, stretch   Saturated aliphatic   

1597.00   C-C, stretch (in-ring)   Aromatics   

1544.61   N-O, asymmetric stretch   Nitro compound   

1450.29   C-H, bend   Alkanes   

1377.52   -CH3C-H, bend   Alkyl, Alkane   
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1248.00   C-N, stretch   Aliphatic amines   

1089.00   C-N, stretch   Aliphatic amines   

1024.66   =C-O-C, symmetric stretch   Ethers    

  

Table .6:  FTIR  spectral analysis of standard starch (reference Sample)      

Absorption cm-3  Assignment    Tentative Functional Group 

2917.53   C-H, stretch    Alkanes   

2850.14   C-H stretch    Alkanes  

2114.22   -C≡O-, stretch   Alkynes   

1641.79   C=C, stretch    Alkenes  

1339.06   N-O, symmetric stretch    Nitro compounds  

1148.68   C-N, stretch    Aliphatic amines  

1076.30   C-N, stretch    Aliphatic amines  

994.31   =C-H, bend    Alkenes   

926.95   =C-H bend    Alkenes   

859.85   =C-H bend    Alkenes   

761.12   C-CL stretch    Alkyl halides  

508.32   C-Br stretch    Alkyl halides  

 

Table 7:  FTIR spectral analysis results of Carbon black filled natural 

rubber at 30 phr filler loading.  

Absorption cm-1   Assignment   Tentative Functional Group   

3865.00   O-H stretch, Free hydroxyl    Alcohol   

3751.33   O-H, stretch free hydroxyl   Alcohol   

2919.80   C-H stretch,   Alkane, Alkyl   

2854.47   C-H stretch   Alkyl, Alkane   

2366.33   Nil   Nil   

1741.68   C=O, stretch   Ester, saturated aliphatic   

1541.33   N-O, asymmetric stretch   Nitro group   

1458.53   C-H, bend   Alkanes   

1385.00   CH3 C-H bend,   Alkanes, Alkyl   

1028.36   C-O stretch   Alcohol   

 

Conclusion 

From this research study, the following conclusions can be drawn; The 

Polynesian arrow root (PAR) starch filler used as an alternative filler in natural 
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rubber(NR) produced moderately good reinforcement in terms of physical and 

mechanical properties comparable to the conventional filler, Carbon black used 

as a control in this study. The best volume percentage for PAR starch(amora) 

filler addition(optimum filler limit) is in the range of 20 phr to 30phr pending 

further research. PAR starch(amora) has the potential to replace completely 

Cassava starch and Maize starch as a source of starch filler in the rubber 

industry and can also partially replace Carbon black and Silica as fillers in the 

natural rubber industry with costs and energy saving advantages. 

Applying the latex compounding method and using aqueous electrolyte as a 

coagulant and gelatinizing the PAR starch filler before being introduced into 

natural rubber latex has helped to reduce the bulky size of the starch granule to 

nanoscale dimension. The starch filler loading from 10 phr to 30phr affects 

tensile strength, elongation at break and hardness positively. A medium for 

dispersing PAR starch filler in the natural rubber matrix was created in the 

process thereby leading to strong interfacial adhesion and interaction between 

the starch biofiller and natural rubber. The high value of degree crosslink 

density Vc are indicative of good interaction and interfacial strength between 

filler and natural rubber. More so, no phase separation or inversion was 

witnessed or observed at optimum load during or after compounding. The 

newly formulated PAR starch/natural rubber biopolymer can with little 

fortification be utilized as a tire thread material in the automobile tire 

manufacturing.  

Finally, the reduction of natural starch particle from micrometer scale to nano 

scale dimension has helped to increase mechanical and physical properties of 

the formulated starch / natural rubber biopolymer composite as the results has 

clearly indicated  
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