Journal of Southeast University (English Edition)

Vol. 33, No. 1, pp. 91 —95

Mar.2017 ISSN 1003—7985

Performance evaluation and chemical property analysis of
RWMA binders with 100 % artificial reclaimed asphalt

Chen Jingyun  Wang Weiying

Sun Yiren

Liu Jiayin  Xu Bin

(School of Transportation and Logistics, Dalian University of Technology, Dalian 116024, China)

Abstract: The performance evaluation and chemical property
analysis of the recycled warm mix asphalt (RWMA) binders
containing 100% artificial reclaimed asphalt ( RA) are
presented, and the combined effects of different percentages of
the rejuvenator and warm mix additive (WMA) additives on
RWMA binders are analyzed through laboratory tests. Three
types of WMA additives and one commercial rejuvenator
named GST were selected to restore the artificial RA. The
laboratory performance tests including the penetration test,
softening test and rotary viscosity (RV) test were carried out.
In addition, the Fourier transform infrared spectroscopy
(FTIR) test was performed to explore the chemical property of
RWMA binders. The results of the performance tests indicate
that the rejuvenator GST has the ability to restore the artificial
RA; choosing the optimum content of WMA additives and
rejuvenator is the key to restoring 100% artificial RA, since
the combined effects of them play an important role in
determining the basic laboratory performance of RWMA
binders. The FTIR tests show that the process of recycling
mainly adjusts the chemical component of aged asphalt and no
remarkable change is observed in the FTIR spectra of RWMA
binders in terms of chemical functional groups with the
introduction of WMA additives.
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O ver the last few decades, as the construction of new
roads has gradually satisfied the constant growth in
traffic volume, increasing attention has been paid to the

1
M As a conse-

pavement maintenance and rehabilitation
quence, the reuse of reclaimed asphalt pavement (RAP)
is widely promoted due to its environmental and economic
benefits.

However, with the development of recycled technolo-
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gies, the demand for utilizing a higher percentage of RAP
continues to rise. Nevertheless, previous studies indicated
that the RAP content has a significant influence on recy-
cled asphalt pavement, particularly when the RAP binder
percentage is high'' ™.

Therefore, there is still a significant challenge to em-
ploy a high percentage of RAP to maintain a high-quality
well-performing pavement infrastructure. Currently, re-
searchers have proved that the use of rejuvenator is one
promising option for rejuvenating RAP binders and in-
creasing RAP contents above 50 % without sacrificing the
pavement quality”™. In addition,
(WMA) technology was also introduced to the construc-
tion of recycled asphalt pavement due to its lower mixing
and compaction temperature.

In recent years, the research concerning RWMA with

warm mix asphalt

high percentage of RAP has been increasingly conducted
utilizing a variety of WMA additives and facilities. Xiao
et al. "'restored 20% to 50% RAP with WMA technolo-
gy to explore the rheological properties of recycled bind-
ers and the volumetric characteristics of superpave mix
design, respectively. Buss et al.!” suggested that the re-
cycled binder has a greater influence on binder properties
compared to WMA additives. Zhao et al. "' evaluated the
laboratory performance of WMA mixtures containing high
percentages of RAP (from 0 up to 50% ). The research
suggested that the effect of RAP on WMA in improving
the rutting resistance appears to be more significant than
the effect on HMA and adding RAP will significantly re-
duce the moisture susceptibility of WMA. Barco Carrion
et al. "' used international blend design methodologies to
study binder blend design for high RAP content hot and
warm asphalt mixture wearing courses and the results
show that using up to 90% of RAP is a feasible option.

High percentage of RAP usage with the WMA technol-
ogy is becoming more and more common. However, a
higher RAP content, even up to 100% , is required in the
future. In terms of the advantages of the rejuvenator and
WAM technology, the combined effect on the RAP must
be evaluated to achieve this goal.

Therefore, the overall objective of this study is to ex-
plore the combined effect of the rejuvenator and WMA
additives on the 100% artificial RA through evaluating
the performance and chemical property of RWMA bind-
ers.
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1 Materials

The virgin asphalt AH-90 commonly used in Dalian,
Liaoning Province was selected in this research. The arti-
ficial reclaimed asphalt (RA) was obtained by subjecting
AH-90 to long-term aging by means of a rolling thin film
oven (RTFO) for 85 min at 163 ‘C and then pressure ag-
ing vessel (PAV) equipment for 20 h at 100 C. Choo-
sing the artificial RA rather than the RA recovered from
milled materials is due to its pure source and its general
validity. Moreover, the artificial RAP binder is always
reproducible for further investigation or comparative pur-
poses''!.

One type of commercial rejuvenator named GST,
which mainly consists of aromatic components, was used
to restore the performance of the RA and its content was
7% of the weight of the RA.

Furthermore, three types of warm mix additives, deno-
ted as A, B and C, were added into the recycled asphalt,
respectively. A was a type of white powder which was a
polyethylene wax. Additive B was a deep brown sticky
liquid surfactant and C was a type of white fine powder
which was a manufactured synthetic zeolite that had been
hydrothermally crystallized. Their photos are shown in
Fig. 1.

(a) (b)

(¢
The picture of WMA additives A, B and C. (a) WMA
additive A; (b) WMA additive B; (¢) WMA additive C

Fig. 1

Additives A, B and C were provided by their suppliers
to be added into the binder at 3%, 0.5% and 2% by
weight of RA, respectively. However, considering the
combined effect of WMA additives and GST on the RA,

the actual content of all the additives will be adjusted on
the basis of the performance test results of RWMA. The
basic properties of the AH-90 and warm mix binders with
recommended content are shown in Tab. 1.

Tab.1 Properties of different binders

Penetration RTFO(163 C, 85 min)
Binder Softening - - - -
(25 C)/ K Residual penetration/ Softening point
type point/C .
0. 1mm 0.1 mm increment/ ‘C
AH-90 83.7 48.34 56.7 3.03
3% A-WMA 116.0 42. 60 62.0 7.03
0.5%B-WMA  84.3 45.51 59.3 4.04
2% C-WMA 90.3 49.42 47.7 7.86

2 Experimental Design

2.1 Performance tests

In this study, the penetration and softening point tests
were performed to investigate the effects of different con-
tents of the additives on the RA.

Rotary viscosity (RV) tests of various asphalt binders
were employed at 135 C. The viscosity of the asphalt
binder at a high temperature is considered to be one of the
important properties since it represents the ability of bind-
ers to thoroughly coat the aggregate in asphalt mixture,

and to be mixed and compacted"”'.

2.2 FTIR test

The Fourier transform infrared spectroscopy ( FTIR)
test was chosen to study the chemical property of RWMA
binders. Through the FTIR test, the covalent bonds in
molecules can be determined by interpreting the infrared
absorption spectrum. It is commonly used to study the
molecular structure of asphalt binder and its addi-
UM In accordance with the principle, the covalent
bonds in molecules absorbing the infrared spectra at spe-
cific frequencies are distinctive. Therefore, the functional
groups of the material can be determined''”. The asphalt
materials can use the FTIR because the FTIR spectra of
pure compounds are generally different from the oth-
ers'”. Thus, through the FTIR test, the chemical prop-
erty of the RWMA can be obtained by observing the
change in functional groups.

tives

3 Results and Discussion

3.1 Performance test results

First of all, to explore whether the WMA additives
themselves had the ability to restore the artificial RA,
three types of WMA additives without GST were added
into the RA to conduct the penetration test. The results
are shown in Tab. 2.

Tab.2 Penetration of RA with WMA additives

Asphalt type ~ RA RA +3%A RA+0.5%B RA+2%C

Penetration 37 49.3 31.5 35.7
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From Tab. 2, it can be observed that the penetration
value of RA is significantly reduced. Moreover, with the
introduction of WMA additives, only the incorporation of
A into RA binder increases the penetration value slightly,
while the addition of B and C even reduces the value. It
shows that the three WMA additives do not have recy-
cling ability. Thus, the rejuvenator GST is required to re-
store the RA binder.

There should be some RWMA binders containing dif-
ferent contents of additives according to the effect on the
virgin asphalt as shown in Tab. 1. First, the binders were
blended following the recommended content. Then, the
content of WMA additives or GST was adjusted on the
basis of the ability of AH-90 to achieve the recycling
aim. The binder types and their properties are shown in
Tab. 3.

Tab.3 Properties of recycled binders

No Binder type Penetration Softening RV(135 C)/
(25 €)/0.1 mm point/C (mPa - s)
1 RA 37.00 55.59 545.80
2 AH-90 83.67 45.97 252.80
3 7% G +RA 84.00 47.84 292.00
4 3%A+7%G+RA 131.67 44.71 215.60
5 3%A+4%G +RA 103. 00 46.01 268. 80
6 0.5%B +7%G +RA 92.33 48.00 322.20
7T 2%C+7%G +RA 78.00 52.24 290. 50
8 3%C+7%G+RA 84.50 55.56 310.90
9 4%C+7%G +RA 71.67 60.90 328.60
10 2%C+8%G +RA 91.00 47.89 254. 60
Note: G represents GST.

Tab. 3 shows that when the GST is incorporated into
the RA binder, the penetration values increase, while the
softening point and RV decrease. Moreover, the test re-
sults are close to that of the AH-90. This demonstrates
that the introduction of GST effectively restores the RA.
However, it can be found that with the incorporation of
the WMA additives into the restored binder containing
GST, the properties all change correspondingly and the
influence of WMA additives on the recycled binders is
consistent with the results in Tab. 1. Additionally, it is
noticeable that when the content of WMA additives or
GST varies, the properties change. In this context, this
indicates that the WMA additives and GST had a common
effect on the RA. Thus, choosing an optimum content of
WMA additives and rejuvenator is the key to restoring the
100% RA binder.

The penetration test is a good indicator for the initial
selection of optimum content since the results provide an
indication of rut resistance as well as the fatigue perform-
ance of mixture”’. Thus, the content of WMA additive
and GST corresponding to the penetration value close to
AH-90 is the optimum content. As shown in Fig. 2, the
penetration value of recycled asphalt with 7% GST only
is approximately close to that of AH-90. The penetration
values have almost no change with the incorporation of

B, meanwhile, the values increase with A which are op-
posite to C. The softening point exhibits an opposite
trend compared to the penetration.
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2% C +8%G +RA

Fig.2 Penetration of recycled binders

Additionally, Tab. 3 shows that the viscosity value of
the recycled binder with GST is higher than that of AH-90
due to the RA binder. This indicates that the RA binder
plays an important role in increasing viscosity. In terms
of WMA additives, A and GST have the ability to de-
crease viscosity, while B and C do not change the viscos-
ity remarkably.

Consequently, the influence of different WMA addi-
tives on the binders, regardless of AH-90 or RA, is the
same. Furthermore, it is necessary to identify the opti-
mum content of WMA additives and GST due to their
common effect on the RA binder. Thus, through the a-
nalysis of properties concerning different contents of the
RWMA binders, No. 5, 6 and 10 in Tab. 3 were selected
to conduct the following FTIR test to analyze the chemi-
cal properties of RWMA binders.

3.2 FTIR test results

Fig. 3 presents the FTIR spectra of AH-90 and virgin
WMA binders. It can be found that the FTIR spectra of
the three types of WMA binders are approximately the
same as those of AH-90 at some obvious absorbed peaks
ranging from 2 923 to 1 376 cm ™', except for the peak at
1 711 cm ™' newly produced on the A-WMA FR-IR spectra.
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Fig.3 FTIR spectra for virgin binders
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This indicates that a new chemical functional group was
produced by the interaction between the WMA additive A
and AH-90. In addition, the transmittance of all the three
WMA binders around 787 cm ™' is different from that of
AH-90, which can be explained by the introduction of
WMA additives changing the content of the chemical
component. Perhaps, this is a reason for reducing the mix
and compaction temperatures.

Moreover, with respect to the combined effect of
WMA additives and GST on the RA, the FTIR spectra
of all recycled binders including the RA binder and AH-
90 are shown in Fig. 4. It can be observed from the FTIR
spectra of the RA binder that there are two obvious peaks
around 1 699 and 1 031 cm ™', representing the stretch ab-
sorption of carbonyl group (C =0) and stretch vibration
of sulfoxide group (S ==0), respectively'*’. The C =0
is produced due to the absorption of oxygen in the unsatu-
rated carbon chain and so is the S =0 in the sulfur ele-
ment. The two functional groups are used to characterize
the aged asphalt binder' "’

AHW
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Fig.4 FTIR spectra for RA and recycled binders

However, with the incorporation of GST and WMA
additives, there is only a slight difference in the transmit-
tance of recycled binders. Additionally, the presence of
the two aged characteristic peaks indicates that the process
of recycling mainly adjusted the chemical components
without obvious chemical bonds cracking and recombi-
ning, regardless of any type of additives in this study.
Furthermore, it is notable that when A is blended with
RA and GST, there is no new peak produced at 1 711
cm™' compared with Fig. 3. This suggests that only
WMA additive A blended with virgin asphalt can produce
the new peak at 1 711 cm ~'. Through the analysis of FT-
IR tests, the chemical property of RWMA binders was
studied, but it was necessary to conduct other test meth-
ods for further research on RWMA binders.

4 Conclusions

1) The rejuvenator GST has the ability to restore the
RA. Compared with B and C, the interaction of A and

GST decreases the viscosity more noticeably. Further-
more, the combination of rejuvenator and WMA additives
plays an important role in determining the basic laboratory
performance of 100% RA. Choosing the optimum con-
tent of WMA additives and rejuvenator is the key to resto-
ring 100% RA.

2) The FTIR test results suggest that the process of re-
cycling mainly adjusts chemical components that the RA
loses. Moreover, only when blended with virgin asphalt,
WMA additive A can produce the new peak at 1 711
cm ™', but it has no influence on the physical properties
of A.

3) The chemical property of RWMA binders was ana-
lyzed through the FTIR test in the view of functional
groups and chemical bonds. Due to the limitations of the
method, it is necessary to carry out additional tests to ex-
plore the chemical properties of RWMA binders.
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