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ABSTRACT

This Review article discusses the many characteristics of Nano-Silica when combined with
molten asphalt. Nano-Silica has a vast array of qualities and is quite effective. Cracking
and rutting  may be found on  the roadways  in  Pakistan.  Due  to  increased traffic  and
expanding population, the intensity of traffic has been increasing day by day, causing a
continuous  load  of  automobiles  to  be  imparted  on  the  roads  that  exceed  the  road's
carrying load. This evaluation also includes studies conducted in other nations. It shows
how nano-silica solves the issue of the produced cracks by self healing process. Bitumen
that  has  been  treated  with  nano-silica  initiates  self-healing.  Furthermore,  there  is
discussion done on the explanation on improving rheological properties and causing of self
healing due to nano-silica modified bitumen.

Keywords: Nano-Silica, Self-Healing, Rheological Properties, Rutting Resistance, Modified
Bitumen.

2 INTRODUCTION:

Increased traffic  volume and population
growth in a country, cause pavement to
be  continuously  loaded,  resulting  in
pavement  distress  issues.  The  difficulty
for  road  engineers  is  to  create  a
pavement  less  likely  to  form  from  the
asphalt mixture preventing system failure
by creating new road surfaces and new
techniques  for  building  and maintaining
roads.  Numerous  investigations  on  self-
healing  asphalt  concrete  have  been
carried out and cracking was identified as
one  of  the  primary  failure  causes.  It
reduces  the  service  life  of  asphalt
pavements  and  leads  to  frequent
maintenance and increased maintenance
cost.  In  addition  to  standard  asphalt
binder  modifiers,  the  utilizationn  of
nanomaterials  such  as  nanoclays,
nanotubes,  and  nano  alumina  is  being
investigated  [[10],[11]].  Nanomaterials
with  a  high  specific  surface  area,  high
functional  density,  and  high  strain
resistance  are  potential  candidates  for

binder modification [12].Error: Reference
source not found The rheological ageing
index  measurement  of  the  ageing
resistance  of  CL-30B  nanoclay  modified
binders revealed that the addition of CL-
30B  nanoclay  improves  the  ageing
resistance  of  asphalt  binders  [13].  The
inclusion  of  nanoclay  improves  the
storage  stability  of  polymer-modified
asphalt  binders  substantially  [14].  The
inclusion  of  nanosilica  improved  the
durability  of  asphalt  binders  during
ageing  and  storage  [15].  The  ageing
resistance of the asphalt binder modified
with SBS improved significantly after the
inclusion  of  carbon  nanotubes  [16].
Asphalt  binders  treated  with  carbon
nanotubes  demonstrated  enhanced
resistance to ageing and storage stability
[17].  The  addition  of  nanosilica  to  the
asphalt  binder  improved  the  asphalt
binder's  physical  and  rheological
qualities.  Literature  has  mostly  focused
on  assessing  the  rutting  resistance  of
nanosilica-modified asphalt binders using
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the  Superpave  (G*/sin)  rutting
parameter.  Based  on  the  Superpave
rutting measure (G*/sin), previous studies
have  shown  that  the  inclusion  of
nanosilica  improved  the  rutting
resistance  of  asphalt  binders.  The
inclusion  of  nanosilica  increases  the
asphalt  binder's  storage  modulus  and
elasticity,  as  well  as  its  resistance  to
ageing [18]. It stiffens the asphalt binder
and increases its temperature resistance,
as  seen  by  a  reduction  in  penetrability
and an increase in  the  softening  point.
The inclusion of nanosilica results in an
improvement  in  the  PG  grade  of  the
asphalt  binder  [19].  The  nanosilica
enhances  the  self-healing  potential  of
asphalt  binders  and  mixes,  hence
enhancing the durability and longevity of
asphalt pavements [20].

Asphalt's  mechanical  and  viscoelastic
qualities, as well as surface-free energy,
causes  fracture  interface  wetting.  The
Brownian motion of  molecules  from the
higher  to  the  lower  density  zone
produced by the fracture is the cause of
this  self-diffusion  [[21],[22]].  Bitumen
and  nano-silica  were  mixed  in  varied
proportions.  Due  to  their  high  surface
energy,  nano-silica  particles  may  enter
fissures  and  fill  voids.  Nano-silica  will
facilitate the repair of fissures  [23]. The
addition  of  nano-silica  to  bitumen
improves  its  mechanical  properties  as
well as its strength. The amounts of nano
silica utilized vary from 2% to 10%  [24].
The  asphalt  binder  used  as  the  control
was  modified  using  nano-silica.  Asphalt
binder  and mixture  tests,  including  the
rotational  viscosity  (RV),  dynamic  shear
rheometer  (DSR),  bending  beam
rheometer  (BBR),  and  dynamic  modulus
(DM),  are  conducted  to  evaluate  the
performance,  and  scanning  electron
microscopy  (SEM)  and Fourier  transform
infrared spectroscopy (FTIR) were used to
examine the microstructure of the nano-
modified asphalt binder.

There is  several  literature done on self
healing of bitumen which also describes
the beahvious of nano-silica.

3 LITERATURE REVIEW: 

There are several research papers read so
far which describe that Nano-Silica shows
self-healing  properties.  Moreover,  by
using the Nano-Silica as a base modifier,
it also enhances Rheological Properties as
mentioned in recent research.  Different
technologies  have  evolved  for  the
internal  rectification  of  defects  before
they are observed through the naked eye,
which is popularly known as self-healing
technologies.  These  include  induction
heating,  microwave  heating,  and  other
healing  technologies  that  use  different
nanomaterials  and  polymers  in  asphalt
pavements.  Frequent  production  and
application  of  asphalt  mixes  for
maintenance  is  not  only  uneconomical
but  also  generates  a  lot  of  greenhouse
gases [1]. Multi-walled carbon nanotubes
(MCNT)  are  widely  employed  to  modify
bitumen  due  to  their  excellent
properties. There is  limited research on
using MCNT to accelerate the self-healing
properties of bitumen. The compatibility
and  modification  mechanisms  were
observed  by  a  fluorescence  microscope
and  Fourier  Transform  Infrared
Spectroscopy.  Then,  the  rheological
properties were investigated using a DSR
and BBR machine  [2]. Nano-silica can be
produced from rice husk and silica fumes
and  therefore  is  a  cost-effective  and
environment-friendly  binder  modifier.
Different  percentages  of  nano-silica  (0,
0.5%,  1%,  and  3%  by  weight  of  asphalt
binder) were added to VG-10 binder in a
high-speed  mixer.  Various  rheological
tests  like  time-temperature  sweeps,
Superpave  rutting  parameter  (G*/sin),
Multiple  Stress  Creep  and  Recovery
(MSCR) Test, creep tests, and zero shear
viscosity tests were performed on bases
and modified asphalt binders [3].

The effect of graphene oxide (GO) on the
physical  performance-related  properties
of an asphalt binder was investigated in
terms  of  penetration,  softening  point,
viscosity  (110–185°C),  and  ductility  as
well  as  temperature  performance
indices.  Subsequently,  response  surface
methodology (RSM) was used to examine
the influence of GO and asphalt content
on the volumetric and strength properties
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of  the  asphalt  mixture.  The  results
showed  that  the  tensile  strength,
stability,  and  plastic  flow  were  highly
influenced  by  variations  in  the
preparations [4]. 

The objective of this study is to evaluate
the rheological  properties  and chemical
bonding of nano-modified asphalt binders
with  nano  silica.  Nano-modified  asphalt
binder and mixture were subjected to a
variety  of  tests,  including  rotational
viscosity,  dynamic  shear  rheometer,
bending  beam rheometer,  and  scanning
electron microscopy.  The results of this
study show that these binders are better
at  not  getting  old  and  resisting  rutting
and fatigue cracking [5]. 

Self-healing  has  become  a  hot  topic  in
the  realm  of  bituminous  materials
research.  The  goal  is  to  construct  the
pavement  in  such  a  way  that  the
fractures  mend  themselves.  Exhaustion
and  healing  have  been  shown  to  be
persistent issues throughout the life of a
pavement. This technique will make the
street  self-healing  and  increase  its
lifespan and serviceability [6]. 

Hot mix  asphalt  (HMA) self-healing may
have the potential to improve. It is called
nano-silica  due  to  its  spherical  shape,
tiny size, and higher density compared to
bitumen.  Scanning  electron  microscopy
was  used  to  investigate  the  size,
morphology, and dispersion of nano-silica
particles. A Dynamic indirect tensile test
(IDT) was used to evaluate the HMA self-
healing index. SEM results indicated that
bitumen mortar flowing into micro-cracks
may  be  one  of  the  most  important
mechanisms for self-healing [7].

Table 1: Initial Literature Review

Ref Author Title Finding

1
B.R.

Anupam

A
methodol
ogical
review
on   self-
healing
asphalt
pavemen

Asphalt
pavements
need  regular
maintenance
to  manage
traffic.
Pavements
can  be  fixed

ts

with  healing
chemicals,
induction
heating,
microwave
heating,  and
other  ways
that  use
nanoparticles
and  polymers
as  asphalt
additives. 

2
Fan

Zhang

Mechanis
m,
rheology
and  self
healing
propertie
s  of  CNT
Modified
Asphalt

This  study
tests  MCNT-
modified
asphalt's
rheological
and  self-
healing
properties.
Base bitumen
was
evaluated for
enetration,
softening
point,
viscosity, etc.
FM  tested
self-healing.
1.5% MCNT is
very healing.

3 Faheem
Sadiq
Bhat

Rheologic
al
investiga
tion  of
asphalt
binder
modified
with
nanosilic
a

Nanosilica
binds.
Nanosilica.
High-speed
mixers
combined
nanosilica
with  VG-10
binder.
Temperature,
strain  rate,
and
frequency
impact
viscosity.
Basic  and
nanosilica-
augmented
asphalt
binder
underwent
time-
temperature
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sweeps,
Superpave
rutting
parameter
(G*/sin),
MSCR,  creep,
and  ZSV
tests.
Nanosilica-
enhanced
asphalt
binder
rutting.
Amplitude
Nanosilica
decreased
sweep fatigue
asphalt
binder  and
microfracture
s.  Nanosilica
shields
asphalt
binder
polymers.
Nanosilica-
modified
binder  self-
heals.

4

Abbas
Mukhta
r
Adnan

Physical
propertie
s  of
graphene
-oxide
modified
asphalt
and
performa
nce
analysis
of  its
mixtures
using
response
surface
methodol
ogy

Graphene 
oxide (GO) 
was tested 
for asphalt 
binder 
penetration, 
softening 
point, 
viscosity 
(110–185°C), 
ductility, and
temperature.
Response 
surface 
techniques 
examined 
how GO and 
asphalt 
concentration
s influenced 
asphalt 
mixture 
volume and 
strength 
(RSM). 

5 Hui Yao

Rheologic
al
investiga
tion  of
asphalt
binder
modified
with
nanosilic
a

Nano-
modified
asphalt
binders  study
nanosilica's
rheology  and
chemical
bonding.
Nano-
modified
asphalt
binder  and
mixture
underwent
rotational
viscosity,
dynamic
shear,
bending
beam,  and
scanning
electron
microscopy.
Modified
asphaltbinder
s  enhanced
antiaging,
rutting,  and
fatigue
cracking.

4 DISCUSSION: 

4.1  Potential  for  self-healing  of
nanosilica-modified binder

Ductility  and  self-healing  properties  of
basic  asphalt  binder  and  nanosilica
modified  asphalt  binder  After  4  hours,
the  basic  binder  regained 64.41% of  its
ductility.  Nanosilica  particles  improve
asphalt binder recovery. 82.48% recovery
with  3%  nanosilica.  Thus,  nanosilica
improves asphalt binder self-healing and
service life [3].

4.2 Influence  of  nanosilica  on  anti-
aging:

Asphalt, being a polymer, is  susceptible
to aging,  which is  initiated by thermal-
carbon bonds associated with the transfer
of hydrocarbons. Adding nanosilica to the
asphalt  binder  decreases  the  rutting
aging index (ARPI) of the binder. With an
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increase in the nanoparticle content, the
oxidative  process  was  found  to  slow
down, leading to a decrease in the aging
resistance [25].

4.3 Rheological  properties  of  nano-
silica modified bitumen:

Different  sizes  and  types  of  nano-Silica
would significantly improve the stiffness
properties  by  increasing  the  complex
shear  modulus.  This  allows  for  better
stability  and  high  resistance  to
deformation.  Modifying  and  advancing
the  properties  of  bitumen  and  asphalt
mixes  by  using  certain  additives  is  one
way of boosting the service life of road
surfaces [[26],[27]].

5 CONCLUSIONS:

As we are aware,  there has  been little
study on self-healing nanosilica and this
concept  has  neither  been  launched  nor
applied in Pakistan. Due to its expense,
nano-silica  has  been  favoured  over
carbon  nanotubes,  which  were  the
subject  of  the  majority  of  the  global
studies  conducted  on  this  topic.  Our
review  paper  expresses  worry  about
verifying  the  results  by  studying  the
rheological  characteristics  of  asphalt
treated  with  nano-silica.  Asphalt's
rheological qualities are being evaluated
by  testing  its  resistance  to  rust  and
abrasion and by determining its complex
modulus.  To  analyse  the  first  healing
temperature  of  nano-silica-modified
asphalt  with  varying  amounts  of  the
modifier,  In  addition,  to  assess  the
uniformity  of  asphalt's  self-healing
characteristics  at  various  temperatures.
In  other  nations,  little  has  been
accomplished  so  far,  and  additional
change is required.

6 3. REFERENCES

[1] B.R. Anupam, et al. “A 
Methodological Review on 
Self-healing Asphalt 
Pavements.” Construction 
and Building Materials, 
doi.org/10.1016/j.conbuild
mat.2022.126395.

[2] Fan Zhang, et al. 
“Mechanism, Rheology and 
Self-healing Properties of 
Carbon Nanotube Modified 
Asphalt.” Construction and 
Building Materials, July 
2022, 
doi.org/10.1016/j.conbuild
mat.2022.128431.

[3] Faheem Sadiq Bhat, and 
Mohammad Shafi Mir. 
“Rheological Investigation 
of Asphalt Binder Modified 
With Nanosilica.” 
International Journal of 
Pavement Research and 
Technology, Aug. 2020, DOI:
doi.org/10.1007/s42947-
020-0327-2.

[4] : Abbas Mukhtar Adnan , et 
al. “Physical Properties of 
Graphene-oxide Modified 
Asphalt and Performance 
Analysis of Its Mixtures 
Using Response Surface 
Methodology.” International
Journal of Pavement 
Engineering, Aug. 2020, 
doi.org/10.1080/10298436.2
020.1804061.

[5] Hui Yao, et al. “Rheological 
Properties and Chemical 
Bonding of Asphalt Modified
With Nanosilica.” JOURNAL 
OF MATERIALS IN CIVIL 
ENGINEERING, Sept. 2012, 
10.1061/(ASCE)MT.1943-
5533.0000690.

[6] Arun Kumar, et al. 
“Comparative Analysis of 
Self-healing Techniques for 
Pavements.” International 
Research Journal of 
Engineering and Technology,
May 2022, doi: 
10.1016/j.cscm. 
2020.e00485.

[7] Ganjei Mohamad Amin, 
Aflaki Esmail. Application of
nano silica to improve self-
healing of asphalt mixes [J].
Journal of Central South 

5

https://doi.org/10.1007/s42947-020-0327-2
https://doi.org/10.1007/s42947-020-0327-2


                                                 MDSRIC - 2022, 29 – 30 Nov 2022 Wah/Pakistan 

University, 2017, 24(5): 
1019−1026. DOI: 
10.1007/s11771-017-3504-y

[8] Y. Yildirim, Polymer 
modified asphalt binders, 
Constr. Build. Mater. 21 
(2007) 66-72. 
https://doi.org/10.1016/j.c
onbuildmat.2005.07.007.

[9] D. Lo Presti, Recycled Tyre 
Rubber Modified Bitumens 
for road asphalt mixtures: A
literature review, Constr. 
Build. Mater. 49 (2013) 863-
881 
.https://doi.org/10.1016/j.
conbuildmat.2013.09.007. 

[10] R. Li, F. Xiao, S. 
Amirkhanian, Z. You, J. 
Huang, Developments of 
nano materials and 
technologies on asphalt 
materials - A review, 
Constr. Build. Mater. 143 
(2017) 633- 648 
.https://doi.org/10.1016/j.
conbuildmat.2017.03.158.

[11] F.C.G. Martinho, J.P.S. 
Farinha, An overview of the 
use of nanoclay modified 
bitumen in asphalt mixtures
for enhanced flexible 
pavement performances, 
Road Mater. Pavement Des. 
20 (3) (2019) 671- 
701 
.https://doi.org/10.1080/14
680629.2017.1408482.

[12] J. Teizer, M. Venugopal, W. 
Teizer, J. Felkl, 
Nanotechnology and Its 
Impact on Construction: 
Bridging the Gap between 
Researchers and Industry 
Professionals, J. Constr. 
Eng. Manag. 138 (5) (2012) 
594- 604 
.https://doi.org/10.1061/(A
SCE)CO.1943- 7862.0000467.

[13] P.K. Ashish, D. Singh, S. 
Bohm, Investigation on 

influence of nanoclay 
addition on rheological 
performance of asphalt 
binder, Road Mater. 
Pavement Des. 18 (5) (2017) 
1007- 1026 
.https://doi.org/10.1080/14
680629.2016.1201522.

[14] . Zapién-Castillo, J.L. 
Rivera-Armenta, M.Y. 
ChávezCinco, B.A. Salazar-
Cruz, A.M. Mendoza-
Martínez, Physical and 
rheological properties of 
asphalt modified with 
SEBS/montmorillonite 
nanocomposite, Constr. 
Build. Mater. 106 (2016) 
349- 356 
.https://doi.org/10.1016/j.
conbuildmat.2015.12.099.

[15] F.S. Bhat, M.S. Mir, 
Performance evaluation of 
nanosilicamodified asphalt 
binder, Innov. Infrastruct. 
Solut. 4 (1) (2019) 
63 
.https://doi.org/10.1007/s4
1062-019-0249-5.

[16] P. Wang, Z.J. Dong, Y.Q. 
Tan, Z.Y. Liu, Anti-ageing 
properties of styrene-
butadiene-styrene 
copolymer-modified asphalt 
combined with multi-walled
carbon nanotubes, Road 
Mater. Pavement Des. 18 (3)
(2017) 533- 549 
.https://doi.org/10.1080/14
680629.2016.1181561.

[17] A. Goli, H. Ziari, A. Amini, 
Influence of Carbon 
Nanotubes on Performance 
Properties and Storage 
Stability of SBS Modified 
Asphalt Binders, J. Mater. 
Civ. Eng. 29 (8) (2017) 
04017070 
.https://doi.org/10.1061/(A
SCE)MT.1943- 5533.0001910.

[18] E.H. Fini, P. Hajikarimi, M. 
Rahi, F. Moghadas Nejad, 

6

https://doi.org/10.1016/j.conbuildmat.2005.07.007
https://doi.org/10.1016/j.conbuildmat.2005.07.007


                                                 MDSRIC - 2022, 29 – 30 Nov 2022 Wah/Pakistan 

Physiochemical, 
Rheological, and Oxidative 
Aging Characteristics of 
Asphalt Binder in the 
Presence of Mesoporous 
Silica Nanoparticles, J. 
Mater. Civ. Eng. 28 (2) 
(2016) 04015133 
.https://doi.org/10.1061/(A
SCE)MT.1943- 5533.0001423.

[19] H. Ezzat, S. El-Badawy, A. 
Gabr, E.-S.I. Zaki, T. 
Breakah, Evaluation of 
Asphalt Binders Modified 
with Nanoclay and 
Nanosilica, Procedia Eng. 
143 (2016) 1260- 
1267 
.https://doi.org/10.1016/j.
proeng.2016.06.119.

[20] M. Saltan, S. Terzi, S. 
Karahancer, Examination of 
hot mix asphalt and binder 
performance modified with 
nano silica, Constr. Build. 
Mater. 156 (2017) 976- 
984 
.https://doi.org/10.1016/j.
conbuildmat.2017.09.069.

[21] A. Bhasin, R. Bommavaram, 
M.L. Greenfield, D.N. Little,
Use of Molecular Dynamics 
to  Investigate Self-Healing 
Mechanisms in Asphalt 
Binders, J. Mater. Civ. Eng. 
23 (4) (2011) 485–492,  
https://doi.org/10.1061/(as
ce)mt.1943- 5533.0000200.

[22] R.R. Bommavaram, A. 
Bhasin, D.N. Little, 
Determining intrinsic 
healing properties of 
asphalt  binders: Role of 
dynamic shear rheometer, 
Transp. Res. Rec. 2126 
(2009) 47–54,  
https://doi.org/10.3141/21
26-06.

[23] C. M. Kansal, S. Singla, and 
R. Garg, “Effect of Silica 
Fume & Steel Slag on Nano-
silica based High-

Performance Concrete,” IOP
Conf. Ser. Mater. Sci. Eng., 
vol. 961, no. 1, 2020, doi: 
10.1088/1757-899X/961/1/0
12012.

[24] S. A. Ghahari, E. Ghafari, 
and N. Lu, “Effect of ZnO 
nanoparticles on 
thermoelectric properties of
cement composite for waste
heat harvesting,” Constr. 
Build. Mater., vol. 146, pp. 
755–763, 2017, doi: 
10.1016/j.conbuildmat.2017
.04.165.

[25] H. Yao, Z. You, L. Li, C.H. 
Lee, D. Wingard, Y.K. Yap, 
X. Shi, S.W. Goh, 
Rheological Properties and 
Chemical Bonding of Asphalt
Modified with Nanosilica, J. 
Mater. Civ. Eng. 25 (11) 
(2013) 1619- 1630 
.https://doi.org/10.1061/(A
SCE)MT.1943- 5533.0000690.

[26] Hasaninia, Moein, and 
Farshad Haddadi. 2017. 
“The characteristics of hot 
mixed asphalt modified by 
nanosilica”. Petroleum 
Science and Technology, 
35:4, 351-359, 
https://doi.org/10.1080/10
916466.2016.1258412.

[27] Saltan, Mehmet, Serdal 
Terzi, and Sebnem 
Karahancer. 2018. 
“Performance Analysis of 
Nano Modified Bitumen and 
Hot Mix Asphalt.” 
Construction and Building 
Materials, 173: 228–237. 
https://doi.org/10.1016/j.c
onbuildmat.2018.04.014.

7

https://doi.org/10.1080/10916466.2016.1258412
https://doi.org/10.1080/10916466.2016.1258412

	ABSTRACT
	2 introduction:
	3 Literature review:
	4 discussion: 
	4.1 Potential for self-healing of nanosilica-modified binder
	4.2 Influence of nanosilica on anti-aging:
	4.3 Rheological properties of nano-silica modified bitumen:

	5 conclusions:
	6 3. REFERENCES

