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ABSTRACT

Many studies have shown that for a pavement paved with an asphalt-
aggregate mixture, to achieve its design life, the asphalt mustn’t age too hard
during storage, during the production process, or while on the road. The short-
term aging effects of Polyvinyl Chloride (PVC) and Nano silica (NS) as modifiers
on asphalt binders were investigated. The physical properties, penetration,
softening points, viscosity measurements, dynamic shear rheometer (DSR),
and multiple stress creep recovery (MSCR), under the aging conditions of
unmodified and modified asphalt were determined for various PVC and NS
contents. To simulate the aging in a short term in the laboratory, the rolling
thin film oven test was conducted. Obtained results indicated that adding 5%
PVC and 1% NS had a significant positive effect on the aging resistance of
asphalt binder through increasing 59.49% penetration aging ratio (PAR)
values. It was also observed that adding PVC and NS reinforced the aging
resistance of the asphalt binder. Nevertheless, adding PVC and NS reduced
softening point increment (SPI), viscosity aging index (VAl), as well as rutting
factor aging index (AIR). The asphalt binder modified with PVC/NS
demonstrated better performance compared to the asphalt binders only
modified with PVC or NS. The results of this study demontrate the feasibility
of applying the PVC/NS combination treatment to asphalt in practical
applications.

TOM TAT

Nhiéu nghién ctru cho théy déi véi médt dudng bé téng nhwa, dé dat duoc tudi
tho thiét k€ thi diéu quan trong la nhura dwdng khéng duroc ldo héa qud cing
trong suét thoi gian bdo quan, trong qud trinh sén xudt hodc trong thoi gian
Itu hanh trén duong. Tdc dung chéng ldo héa ngdn han trén nhya dwong cla
chét cdi tinh Polyvinyl Clorua (PVC) va Nano silica (NS) dé duwoc nghién ciru.
DE mé phdng qud trinh Ido hda trong thoi gian ngdn trong phong thi nghiém,
bdi bdo dé st dung 16 cdn néng mang mdng (RTFO) dé€ mé phdéng kiém tra.
Tién hanh thém chét cdi tinh véi ham lwong PVC va NS khdc nhau dé€ kiém
nghiém cdc déc tinh vat ly: d6 kim lun, diém chdy déo, dé dinh bdm, ddc tinh
lwu bién cdt déng (DSR) va khé néng phuc hdi tir bién do wng sudt da dang
(MSCR), cia nhwa duwdng nguyén chét va nhwa dudng céi tién chwa ldo héa
va déd ldo héa. Két qud cho thdy viéc bé sung PVC va NS ¢é tdc dung téng
cwong khé ndng chéng ldo héa cua chét két dinh nhwa dwédng. Sw két hop cua
5% PVCva 1% NS lam gia tdng tri s6 ty 1€ IGo hda xuyén thdu (PAR) Ién 59,49%,
6 tdc ddng tich cuc dén khé ndng chéng ldo héa cia nhwa dwdng. Tuy nhién,
viéc b6 sung PVC va NS lam gidm murc téing chi s6 diém héa mém (SPI), chi sé

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY VOL. 9, NO. 2 (2024)

107



Engineering & Technology

ldo héa d6 nhot (VAL), ciing nhw chi sé Ido hda hé s6 hén lun (AIR). Bé tong
nhuwa dwoc céi tinh két hop béng PVC/NS cé hiéu qué st dung tét hon bé téng
nhuwa chi dugc céi tinh bdng PVC hodic NS. Két qud bai bdo nay chirng minh
tinh kha thi cda viéc dp dung két hop dbng thoi chét cdi tinh PVC/NS cho bé
téng nhwa trong cdc trng dung thuec té.

1. INTRODUCTION
Asphalt is one of the oldest materialsin the
paving industry. Using polymers have shown
successful results as modifiers of asphalt binder.
Various polymer modifiers can give different
properties of composite materials. Recently,
the most problematic plastics currently
produced is polyvinyl Chloride (PVC).
Nowadays, the annual output of PVC in the
world exceeds 20 million tons, which is higher
than 3 million tonsin 1965 [1, 2]. Over the years,
waste PVC products have been the main cause
of incineration of dioxins in incinerators [3].
Using PVC in the pavement technical not only
protects the environment and reduces the cost
of pavement production but also enhances the
physical properties of asphalt binder [4]. When
PVC is used to modify asphalt, it can improve
the stiffness of asphalt pavement and reduce
the deformation of asphalt pavement under
heavy traffic load at high temperatures [5].
The Nano silica SiO; (NS) material is also
widely used as an inorganic additives to
improve the properties of the asphalt binder. In
the last ten years, the NS has attracted much
attention from pavement researchers for
preparing asphalt materials because it has
perfect stability, high specific surface area,
chemical purity, strong adsorption, and good
dispensability [6, 7]. At high temperatures, NS
has marvelous properties in strength,
toughness and thermal. Ramez et al. reported

that using NS material as a modifier has a
convincing effect on the different properties of
the asphalt binder and can build durable
pavements and reduce the cost of the
pavement life cycle [8].

The aging of asphalt, existing during the
production, mixing, transportation, and the
whole of binder service life is a very
complicated process [9, 10]. The aging of
asphalt makes asphalt hard but easily broken,
and the pavement is vulnerable to break [11,
12]. Using modifiers with polymer and nano
materials have some improvement in the anti-
aging properties of asphalt [13, 14]. Recently, a
few researchers published their results about
the chemical composition and rheological
properties of modified asphalt under different
aging conditions. Therefore, the objective of
this study was to report that modified asphalt
with combined PVC and NS had an important
positive effect on the aging process, which no
researchers reported before. This study does
not only provide useful information for the
anti-aging asphalt paper but also helpful
guidance for the operation of the asphalt
industry.

2. RESEARCH METHODS
2.1. Materials and sample preparation

The base asphalt selected in this research
was AH-70 asphalt, and the characteristics of
the base asphalt are shown in Table 1.

Table 1. Physical and mechanical properties of asphalt binder used in this study

Test Standard Result
Penetration (100 g, 5s, 25°C), 0.1 mm ASTM D5 75.5
Ductility (25°C, 5 cm/min), cm ASTM D113 150+
Softening point (°C) ASTM D36 48.7
Rotation viscosity (135 °C, Pa.s) ASTM D4402 0.581
Specific gravity at 25 °C (g/cm?3) ASTM D70 1.03
Flash point (°C) ASTM D92 320
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PVC polymer was used as the asphalt
modifier in this study; its basic properties are

presented in Figure 1 and Table 2.

Figure 1. Polyvinil Clorude (PVC)

Table 2. Physical and mechanical properties of PVC used in this study

Appearance Softening point Melting point Density Tensile strength
(°C) (°C) (g/cm?) (MPa)
White 80 170 1.42 60
Shanghai New Materials Co. Ltd offers the Figure 2 and Table 3.
nano-silica; its basic properties are listed in
g
P ﬁ ‘* B &
Figure 2. Nanosilica (NS) sample
Table 3. Properties of nano silica SiO, sample used in this study
L. Specific surface
Average grain size
Type Appearance area pH value
(nm) 5
(m?/g)
SP15 White 155 250 £ 30 5-7

The PVC and NS (PN) prepared by the melt
blending method is simple and efficient. One 5%
concentration of PVC and three concentrations
(1.0%, 2.0%, and 3.0%) of NS were produced.
Firstly, the asphalt ( about 500g) was heated to
180°C, and PVC was added to it at 170°C and
mixed for 15 min at a shearing rate of 1200
r/min. Secondly, the mechanical mixing of PVC
lasts for 60 min at 4000 r/min at 180°C. Finally,
NS with different concentrations was added to
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the mixture and sheared together at 160°C for
45 min at a speed of 3500 r/min.
2.2. Methods

Penetration, softening point, RV viscosity,
dynamic shear rheometer (DSR), and multiple
stress creep recovery (MSCR) experiments
were conducted on the base and modified
asphalt. In each type of binder selected three
samples were measured, and their average
values were taken into account.
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The DSR PG was graded by the MCR 702
dynamic shear rheometer produced by Anton
Par Company. DSR tests were conducted over a
range of temperatures: 52, 58, 64, 70, and 76
°C; loading frequency of 12 rad/s for unaged
binder and 10 rad/s for aged binder; using
small plates with diameters of 25mm for Imm
thickness samples.

The standard Rolling thin film oven (RTFO)
experiment was implemented to produce the
short-term aging of the asphalt binder. The
unaged asphalt was heated during rolling at
163°C for 85 minutes. In this research, aging
indices were calculated in formulas (1), (2), (3),
and (4) [1]

SPI = Softening pointaged - Softening pointunaged (1)

R Penetration,., )
Penetration

unaged

Vis Cosity, .y —ViSCOSItY, e

VAI = : - (3)
VIS COSItY e
G*/sin(o
AR = () (4)
G * / Sln( 5) unaged
where,

SPI: softening point increment;

PAR: penetration aging ratio;

VAI: viscosity aging index;

AIR: the aging index of the rutting factor
(G*/sin(6)).

The MSCR experiment was conducted using
the DSR machine according to AASHTO T350-14.
It measured the permanent deformation
properties of all types of asphalt binders under
aging conduction. Two standard stress levels
100 Pa and 3200 Pa were applied to the all
kinds binder. Each stress level consisted of 1s
shear creep followed by a recovery period of 9s,
a totally of 200s for 20 cycles. Both recovery
percentage (R) and non-recoverable
compliance (Jnr) were conducted with MSCR.
(R) and (Jnr) (letter notation) were determined
from Eqg (5-8) (ASTM D2872, 2015) and then
they were calculated average results from 10

cycles:

N
&

N

Rr(T,N) =

* 100 (5)

_ 1S
R(T)= 1OZN=1RT(T,N) (6)

T

Jnr (T, N) =3200 (7)
1 10
J(T)== 8
(M= 30,3 TN (8)
where,

€r: recoverable deformation;

€. total deformation;

€nr: NON-recoverable deformation;

T: is the applied shear stress;

N: 1, 2... 10: the loading cycle number.

In this paper, tests were performed at five
temperatures 52, 58, 64, 70, and 76 °C.
3. RESULTS AND DISCUSSION
3.1. Penetration

Penetration represents the consistency of
the material and reflects the rheological
properties of asphalt binder. Figure 3 displays
the effect of PVC, NS, and PN on the
penetration of modified asphalt under short-
term aging. Adding PVC, NS, and PN made the
penetration value of virgin asphalt decrease
significantly. The measured penetration depth
of asphalt decreased by 29% at a 1%NS content,
by 49.53% at a 5%PVC content, by 60% at the
(5%PVC + 1%NS) content. The penetration
depth of PN modified asphalt binder was lower
than those of PVC and NS modified binders, the
lowest penetration depth value at 5P3N.
Furthermore, the asphalt samples modified
with PN represented continuously the
penetration decreased continuously for
unaged and RTFO aged asphalt. The anti-aging
property of asphalt was strengthened after
addition of PVC and NS.
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Figure 3. Penetration of asphalt binder with different PVC and NS contents

3.2. Softening point

Softening points describe the high
temperature stability of asphalt in the
laboratory. Normally, a high softening point
means that the asphalt possesses high-
temperature stability. Figure 4 shows the
effects of PVC and NS concentration on the
softening points of modified asphalt before
and after short-term aging. The softening point

of base asphalt climbed from 48.7°C to 55.85°C
after RTFO aging, respectively. The softening
point increased with the increase in NS content,
even though the increment was minor at all
concentrations, the highest value was 5P3N.
The combined modification of PVC and NS
increased the softening point value, indicating
that adding PN improved the stability of
asphalt under high-temperature.

80 A
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70 B 5P1N

1IN
E 5P2N

B 5P
B 5P3N

60 -

50 A

40
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20 A
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Figure 4. Softening point of asphalt binders with different PVC and NS contents
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3.3. Rotational Viscosity

The rotational viscosity reflects the flow
property of the binder. Figure 5 illustrates the
rotational viscosities at the temperature range
from 135°C to 175°C for the base asphalt and
PVC, NS, PN modified binder at different
concentrations of NS. It is clearly shown that
the viscosity of all binders decreases with
increasing temperature. The viscosity of
asphalt of both PVC and NS was higher than the
viscosity of base asphalt (the rotational
viscosity value from 800 to 1400 mPa.s). The

1600
1400
1200 %
1000
800

600

Viscosity (mPa.s)

400

standard in Super pave specification obligates
that the viscosity of the used asphalt binder
must not be higher than 3000 mPa.s. These
results show that, when adding PVC, NS or
mixture of PVC and NS to base asphalt, the
rotational vicosity of the asphalt will increase,
which is vital in increasing the binder film
thickness for coating aggretate in the hot
mixture. Therefore, the high viscous asphalt
mixute will maintain the stability of asphalt
mixture [9]. The rotational viscosity values
became highest at the ratio 5P1N.

=4—Base =<#— 1IN =&—=5P

=% 5P1N -~ 5P2N =@=5P3N

155 175

Temperature (°C)

Figure 5. Relationship between the binder viscosity and modifier contents

3.4. Dynamic shear rheological tests

DSR experiment is typically performed to
show an asphalt binder resistance to rutting at
high temperatures by measure the G*/sin(6)
value. The asphalt binder has to be flexible and
sufficient to prevent rutting. The value of
G*/sin(8) illustrates the performance grade of
asphalt [15]. Figures 6 and 7 represent the
rutting parameters of PVC, NS and PN
measured at temperatures of 52, 58, 64, 70 and
76°C before and after RTFO aging. They display
that the excellent of G*/sin(8) increases with
increasing  concentrations of modifiers.
Moreover, the G*/sin(8) values obtained of the
PVC- and PN- modified asphalt were higher

than NS-modified asphalt. It is meaning the
PVC- and PN-modified asphalt binders have
higher anti-rutting than their NS counterparts.
In particular, binders 5P2N display the highest
rutting factor values, higher than 3 times and 2
times as compared to base asphalt before and
after RTFO aging. Overall, the result all of the
modified asphalt prove that PN- modified
asphalt possesses the highest anti-rutting.
Therefore, Using PN-modified in high-
temperature place to achieve the best asphalt
binder performance.

The change in phase angle can be used to
assess the anti-aging of RTFO test aged
modified asphalt. The decrease in phase angle
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6 enhances the elastic reply of the asphalt and
mixture flexibility. As shown in Figure 6-7, the
phase angle 6 of all RTFO aged binder is much
lower than that of their virgin asphalt. On the
other hand, the phase angle & value of series
“Base” from 78° to 87° but it decreases from
67° to 78° in series “5P”. In the mean time

30 W
25 1 ~—Base - IN 5P
20 H5PIN  -X-5P2N  —8-5P3N

[
o

G*/sin(d) ( kPa)
=
(62}

series “5P2N” have the lowest phase angle
value among of all type asphalts. This indicates
that the modified asphalt possesses a more
elastic structure after RTFO aging and could
enhance the asphalt binder’s anti-rutting
property.

X

52 58 64 70
Temperature (°C)

(a) Unaged

78
=+Base -#IN =4-5P
74 %
4% 5PIN -%-5P2N -@=5P3N
70 T T T T 1
52 58 64 70 76

Temperature (°C)

(b) Unaged

Figure 6. G*/sin(8) and (8) of unaged binder

=—&—Base
- 1N
—_ ——5P
P
X = 5P1IN
@ X-5P2N
E -e—5P3N
2
o

Temperature (°C)

(c) RTFO aged

88

—4-Base B 1IN
= 5P =% 5P1IN

%-5P2N  -e=5P3N
64 T T T T 1

52 58 64 70 76

Temperature (°C)

(d) RTFO aged

Figure 7. G*/sin(8) and (6) of RTFO aged binder

3.5. Multiple stress creep recovery

Jnr(3.2) predominantly characterizes the
anti-rutting of asphalt binder, and typically a
higher Jnr(3.2) value represents a lower rutting
performance. Figure 8(a) shows that the Jur
values for all the asphalts decrease with using
PVC, NS, and PN- and increase in temperature.
On the other hand, in areas of rutting resistance
the 5P3N binder illustrates the best performance,
and the base asphalt ranks the lowest.
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The measures R(3.2) indicate for evaluating
the delayed elastic conduct of asphalt binder. A
larger R can be translated into a larger capacity
of bitumen to recover from deformation tested
with the load application. As usual, under most
cases of testing temperatures and adding PVC,
and NS contents, the kind of asphalt performed
the best is 5P3N. It is meaning, it has got the
greatest elastic structures when submitted to
creep-recovery loading alignments (Figure 8
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(b)). The virgin asphalt is surveyed to exhibit
the lowest recovery properties at all
temperatures.

This result suggests that the addition of PVC

1.2 -
—— Base

1.0 - N
< —— 5P
g 08 -
= == 5P1IN
)
5 06 1 %- 5P2N
NG -e—5P3N
c 0.4 -
law]

0.2 4

0.0 ‘/8

52 58 64 70
Temperature (°C)

(a)

and NS improve the elastic response of virgin
binder; and enhances the capability of anti-
rutting under repeated loads of asphalt binder.

25

- Base

R(3.2) (%)

52 58 64 70
Temperature (°C)

(b)

Figure 8. MSCR parameters at different temperature
(a) average non-recoverable creep compliance (J.;) at 3.2 kPa;
(b) average percent recovery (R) at 3.2 kPa

3.6. Aging sensitivity analysis

The PAR, SPI, and VAI of modified asphalt
and unmodified asphalt are shown in Table 4.
It is clear that the PAR value was increased
when adding PVC, NS, and PN. The PAR value of
virgin asphalt was increased by 27.09%, 54.16%,
and 59.49% when added 1%NS, 5%PVC, and 5%
of PVC with 1% NS, respectively. The asphalt
binder modified was the highest value of PAR
with 5P3N. The higher the PAR values meaning
that the higher the degree of resistance to
aging.

The SPI values reduce with an increment of
the PVC and NS concentration. Base asphalt
AH#70 had the highest value of SPI, and asphalt
binder modified with 5P2N was the lowest

value of SPI. Adding PN was also lower value of
SPI than adding only PVC or NS and virgin
asphalt. The higher SPI value can be indicated
for large changes in high rising temperature
individual after short-term aging progress.

The VAI value of the virgin binder was
decreased by 19.07%, 48.51%, and 79.05%
when used 1%NS, 5%PVC and 5P1N. The virgin
asphalt of VAI value is higher than all types of
modified asphalt. The lower VAl value of
asphalt indicate the stronger anti-aging
capacity of asphalt binder.

Through PAR, SPI, and VAl is confirmed that
using PVC, NS, and PN enhanced the aging
resistance of the asphalt binder.

Table 4. Aging sensitivity with difference index

Aging indices at difference index

Binder PAR (%) SPI(C) VAl @135 (%)
Base 44.77 7.15 64.90
N 56.90 5.50 52.52
5p 75.59 3.50 39.42
SPIN 89.74 2.50 33.74
5P2N 92.09 1.20 23.77
5P3N 96.76 1.70 37.28
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The AIR values measured for the NS, PVC
and PN modified binder at different
temperatures are shown in Table 5, which
displays that the Al of each binder kind is higher

than 1, and the processing RTFO made asphalt
binder became harder. The AIR value rise
observed after aging is caused by the rise in the
complex modulus.

Table 5. AIR values estimated for various asphalt binders at different temperatures

Aging indices at difference temperatures

Binder 52°C 58°C 64°C 70°C 76°C
Base 2.44 2.47 238 2.28 2.15

N 2.53 2.48 235 2.20 2.10

5p 2.66 2.88 3.04 3.10 311

5PN 2.46 2.60 2.70 2.75 2.74
5P2N 215 2.23 2.29 232 2.30
5P3N 2.08 212 214 216 216

4. CONCLUSION REFERENCES

Based on the results obtained, the following
conclusions are drawn from this research:

1.  The value of penetration decreased
with rising PVC, NS, and PN contents. On the
contrary, the value of the softening point
increased, proving that an asphalt binder
modified with PVC, NS, and PN can resist
deformation under high temperatures.

2. The measured G"/sin(8) values and &
values decreased with the addition of PVC and
NS, enhancing the elastic response of the
binder and permanent deformation resistance.
Results show that the modified asphalt may be

appropriate for high-temperature service
pavements.
3. From the MSCR parameters, it is clear

that PN-modified asphalt has the highest
resistance to rutting, performing better under
high temperatures than PVC- modified or NS-
modified asphalt.

4.  Through the short-term aging RTFO
test, PVC and NS had useful effects on the anti-
aging of the asphalt binder, the combination of
PVC and NS had better short-term aging
resistance than only adding PVC or NS.
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