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Abstract A novel bitumen modification process has been developed using lower
grade natural rubber-ribbed smoked sheet (NR-RSS) and soda lignin (SL) isolated
from waste green coconut fiber. At first, natural rubber along with rubber addi-
tives was mixed in toluene and then soda lignin was added. Obtained mixture
was characterized by rotational viscometer, Fourier transform infrared spectrom-
eter, universal testing machine, simultaneous thermal analyzer, etc. The mixture was
then blended with 60–70 penetration grade bitumen (B). Physical, spectral, micro-
scopic and thermal properties of modified bitumen (MB) were evaluated. It was
shown that the prepared natural rubber-lignin mixture significantly improved the
physical properties of bitumen as required for flexible pavement construction in
tropical countries. Marshal stability was improved by 25% in comparison to 60–70
penetration grade bitumen. Based on the result obtained, an experimental pavement
was constructed using modified bitumen and waste polyethylene-coated aggregates
(Pav-MB-PCA). For comparison, another pavement of similar size was constructed
with 60–70 penetration grade bitumen and non-coated aggregates (Pav-B-NCA).
More than two years observation showed better performances of the pavement made
with modified bitumen and waste polyethylene coated aggregates. All findings have
been discussed in detail.

Keywords Bitumen · Natural rubber ribbed smoked sheet ·Waste green coconut
fibre ·Waste polyethylene ·Marshal stability · Flexible pavement

1 Introduction

Most of the tropical countries have already faced the impact of climate change on
the flexible pavement. A significant variation in the daily and seasonal temperature
and prolonged rainfall and thus water clogging induces early development of distress
condition of bituminous pavement. Adaptive maintenances, such as construction of
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permeable pavements, use of modified binders and improved routine maintenances
have been recommended by several reports [1]. The incorporation of different poly-
mers and rubbers into bitumen can improve some properties, e.g. improvedflexibility,
elasticity at low temperature, thermal and crack resistance, moisture resistance, etc.
and thus increased service life, etc. [2, 3]. Typically, polymer or rubber modified
bitumen are more viscous compared to unmodified bitumen and improve adhesive
bonding among the aggregates. Natural rubber could be introduced into bitumen
by direct fusion or in presence of suitable solvent(s). But the dispersion capability
of rubber is poor in bitumen and thus special measures need to be taken obtaining
homogeneous rubber modified bitumen [2]. Some investigations were also carried
out on the use of lignin, a highly complex phenolic biopolymer, to prevent bitumen
oxidation or hardening [4, 5]. Lignin is a wonderful aromatic biopolymer due to its
abundance and relatively low cost [6]. It shows the resistance to oxidation, resistance
to water, absorption of ultraviolet radiation, etc. The effect of lignin on the physico-
mechanical properties and thermo-oxidative degradation resistance of natural rubber
has been investigated [7, 8]. The waste thermoplastics, e.g. polyethylene, polypropy-
lene, etc. could be used in flexible pavement construction by adding them at a certain
percentage with aggregates and reported it as a good strategy for utilization of these
wastes [9]. So, proper management and utilization of waste thermoplastics in asphalt
pavement construction can provide an important outlet for such materials to keep
the environment green. The aim of this research work was to examine the proper-
ties of natural rubber-lignin composite and its application in bitumen modification.
Another objectivewas to evaluate themoisture and heat resistant properties of flexible
pavement constructed with modified bitumen and waste thermoplastic coated aggre-
gates. The overall work might be considered as a solution of proper polymeric waste
management and their effective utilization in sustainable pavement construction.

2 Materials and Methods

2.1 Materials

60–70 penetration grade bitumen (B) was used to prepare modified bitumen (MB).
Natural rubber ribbed smoked sheet (NR-RSS), waste green coconut fibre, waste
high density polyethylene (HDPE) shopping bags, standard aggregates, e.g. granite
stone of different sizes and sand were used in this work. Other chemicals used in the
experiment were of reagent grade.
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Table 1 Preparation of bitumen modifier (BM)

Natural
rubber (g)

Toluene
(ml)

Rubber
additives
(g)

Soda
lignin
(g)

Temperature
(°C)

Stirring
speed (rpm)

Time
(h)

Name of
sample

125 1250 0 0 25 1800–2000 4 BM-1

15 0 BM-2

15 12.5 BM-3

2.2 Preparation of Soda Lignin

The dried coconut fiber was pre-treated with dilute sulfuric acid and then digested
with 3% sodium hydroxide solution at 140 °C for 2 h. After cooling, the slurry was
filtered and black liquor was collected. pH of the black liquor was reduced to 2.5
using dilute sulfuric acid and precipitated lignin was collected, purified and vacuum
dried (yield 35.32%). Analytically milled soda lignin (SL) powder (particle sizes
<2 µm; ash content <0.7%) was used in this work.

2.3 Preparation of Natural Rubber-Lignin Mixture
for Bitumen Modification

Natural rubber-lignin mixture, e.g. bitumen modifier sample (BM-3) was prepared
following the procedure given in Table 1. Another two samples, BM-1 and BM-2
were prepared for comparison with BM-3. BM-1, BM-2 and BM-3 were cured at
135 °C for 30 min and represented as BM-4, BM-5 and BM-6, respectively.

2.4 Modification of Bitumen and Specification Properties

Modification of bitumen was done by blending BM-3 with 60–70 penetration grade
bitumen (B) (5 w/w% natural rubber) at 135 °C under overhead stirring at 2000 rpm
for 1 h. Solvent, toluene was collected for reuse. Modified bitumen (MB) was then
cooled at room temperature for 48 h and specification properties were determined by
ASTMmethods. Viscosity of samples, BM-1, BM-2, BM-3, B andMB samples were
evaluated by rotational rheometer. Penetration index was calculated using Pfeiffer
and Van Doormaal equation [10].
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Table 2 Properties of BM-4,
BM-5, BM-6, B and MB
sample

Properties of sample Method

Tensile strength and percent
elongation

ASTM D 882-02

Curing study FT-IR spectrometer coupled
with diamond ATR

Thermal stability Simultaneous thermal analyzer

Surface morphology Scanning electron microscope

Marshal stability ASTM D1559

Static emersion test [10]

Table 3 Procedure for the construction of flexible pavements

Granite
stones

Plastic
used (%)

Temperature
(°C) and time
(min) for
heating

Bitumen
used

Bitumen
content
(%)

Volume of
pavement
(m3)

Pavement
acronym

Mixture of
aggregates
for base
course

0 130–180 and
30

B 5 9.75 ×
9.14 × 0.06

Pav-B-NCA

2.5 MB Pav-MB-PCA

2.5 Analysis of Prepared Samples and Construction
of Experimental Pavement

2.5.1 Analysis of Prepared Samples

BM-4, BM-5, BM-6, 60–70 penetration grade bitumen (B) and modified bitumen
(MB) samples were further analyzed by different methods and presented in Table 2.

2.5.2 Construction of Experimental Pavement

Asphalt base and surface courses of flexible pavement were constructed following
guideline of Local Government Engineering Department, Bangladesh [11]. The
pavements were constructed in adjacent place maintaining the same environmental
conditions. Construction procedures have been given in Table 3.

3 Result and Discussion

Dynamic viscosity of BM-3 was greater than BM-1 and BM-2 at 25 °C, but slightly
decreased thanBM-1 at 90 °C,while shear rateswere 25–60 s−1 (Fig. 1a, b). Addition
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Fig. 1 a Viscosity at 25 °C. b Viscosity at 90 °C. c Viscosity of at 90 °C. d Viscosity at 135 °C

of rubber-additives into BM-1 decreased the mixture viscosity, but increased when
soda lignin was added. Dynamic viscosities of modified bitumen (MB) were almost
double than 60–70 penetration grade bitumen (B) at 135 °C and 90 °C, as considered
for mixing and compaction temperatures, respectively for paving work (Fig. 1c, d).
Viscosity decreased with increasing temperature and shear rate in all cases. Tensile
strengths and percent elongations of BM-5 and BM-6 were increased than BM-4
(Fig. 2a, b). It was due to curing of natural rubber with additives. The presence of
soda-lignin improved the tensile and elongation properties of BM-6 compared to
BM-5. So, soda lignin could be used as reactive filler in the curing of natural rubber.
While heating of BM-3 with 60–70 penetration grade bitumen (B), the mixture was
cured into B and thus specification properties of resulted modified bitumen (MB)

Fig. 2 a Tensile strength. b Percent elongation
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Table 4 Specification properties of B and MB sample

Specification properties B MB Method

Softening point (°C) 49 62 ASTM D 36-95

Penetration (1/10th mm) 72 40 ASTM D 05-06

Penetration index (−) 0.57 (+) 0.87 [10]

Ductility (cm) 96 >100 ASTM D 113-99

Dynamic viscosity@90 °C (Pa s) 14.02 25.20 ASTM D4402

Dynamic viscosity@135 °C (Pa s) 0.61 1.08

Flash point (°C) >230 >230 ASTM D 92

Specific gravity@ room temperature 1.02 0.99 ASTM D70-18

Loss on heating (%) <0.2 <0.2 ASTM D 6

were improved significantly (Table 4). Softening point increased but penetration
decreased for the modification. Penetration index increased from (−) 0.57 to (+)
0.87. This may be considered as an indication of low temperature susceptibility of
modified bitumen and thus improved resistance to permanent deformation at service
temperature. Ductility and other specification properties were also improved due to
modification. These propertiesmight be considered as suitable for paving application
in tropical countries.

FT-IR data can be considered as a good evidence of internal curing of BM-3
mixture into base bitumen, B. sp2C-H stretching absorption peaks of natural rubber
was shown at 3037 cm−1 for BM-4 and BM-5, but absent in BM-6. Intensity of this
peak was slightly higher in BM-4 than BM-5 due to incomplete curing of natural
rubber with additives. BM-6 sample did not show any absorption peak in this area.
A broad absorption band at 1661 cm−1 confirmed the presence of conjugated C-
C double bonds in BM-4 but weak at 1663 cm−1 for BM-5. BM-6 showed very
weak band at 1653 cm−1. This result can be considered as an evidence of curing
of BM-6 in presence of lignin. B showed a broad absorption band at 3279 cm−1

due to O–H and/or N–H stretching modes. MB did not show any absorption band
greater than 3000 cm−1. After blending of BM-3 with B, resulted MB showed an
absorption band at 1719 cm−1. This was probably due to carbonyl stretching of ester
group formed during modification, but not observed in case of B. A broad absorption
band of sulfoxide was present at 1032 cm−1 due to oxidation of B, but very weak at
1033 cm−1 as observed in case of MB. Surface micrograph of MB showed homoge-
nous blend or compatible dispersion with B (Fig. 3a–c). Thermogravimetric analysis
showed similar degradation pattern of BM-4, BM-5 and BM-6 samples. No signifi-
cant weight loss occurred upto 200 °C. Similar thermal stability was also observed
for B and MB samples. MB showed slightly better thermal stability compared to
B. Marshal stability was improved from 19.1 KN for B to 23.4 KN for MB at 5
(w/w) % additions with aggregates (Fig. 4). It was 25% higher stability than B. No
significant stripping happened in case of modified bitumen as observed from static
immersion test. Constructed pavements suffered from severe water-clogging during
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Fig. 3 a SEM of BM-6, b SEM of B, c SEM of MB

Fig. 4 Marshal stability
graph
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two prolonged rainy seasons (Fig. 5a–c). Pav-MB-PCA showed better performances
e.g. water resistance, surface smoothness and durability in comparison to Pav-B-
NCA (Fig. 5d, e) as assessed visually. These were due to higher attraction forces
between modified bitumen and waste polyethylene coated aggregates.
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June-17   August-17   

September-17   October-19

Fig. 5 Pavement construction and surface of the pavements (June-2017 to October-2019)

4 Conclusion

Natural rubber-soda lignin composite could be used to modify 60–70 penetration
grade bitumen. Integrated use of modified bitumen and waste thermoplastic coated
aggregates for flexible pavement construction was briefly reported in this prelimi-
nary work. Field study showed better physical properties e.g. water resistance, heat
resistance, surface smoothness and durability of Pav-MB-PCA in comparison to
Pav-B-NCA. Detail information on the bitumen modification process and micro-
scopic properties of modified bitumen by atomic force microscopy, scanning elec-
tron microscopy, etc. and performance specifications of resulted modified bitumen,
recyclability, etc. will be reported shortly.
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