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Evaluation of the long-term performance of naphthenic recycling agent in restoring
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ABSTRACT: Investigating the performance of bitumen restored by recycling agents in maintaining
or destroying the properties and characteristics of bitumen in the next period of pavement service is
completely limited. The aim of this research was to evaluate the immediate and long-term effect of
a naphthenic recycling agent in restoring the properties of aged bitumen. In this research, bitumen
separation and infrared spectroscopy experiments to investigate the chemical properties of bitumen
samples, Penetration, Softening Point, Rotational Viscometer, Multiple Stress Creep Recovery, and
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Linear Amplitude Sweep were used to evaluate the physical and rheological properties of bitumen
samples. To evaluate the long-term performance of the recycling agent, the restored bitumen was long-
term aged by an aging simulation test. The results show that the use of naphthenic recycling agent in the
optimal amount has restored the chemical, physical and rheological properties of aged bitumen to the
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base bitumen level. The naphthenic recycling agent results in a 38% reduction in the CI of aged bitumen, ~ Recycling agent
which indicates that the aged bitumen is softer and its colloidal structure is stable. It also reduces the  Rutting
rutting resistance of aged bitumen to the level of base bitumen. The limited increase in CI due to aging  patigye

in restored bitumen indicates that the naphthenic recycling agent has performed well in maintaining
the stability of the colloidal structure of bitumen in the long term. The results also show that the use
of naphthenic recycling agent improves the fatigue performance of restored bitumen in the long term
compared to base bitumen.

1- Introduction The chemical nature of Triglycerides/Fatty acids and tall oils

Bitumen is exposed to various damages (such as aging)
during the asphalt processing and paving service [1]. Bitumen
aging is one of the most important problems related to the
use of bitumen in road works [2]. Therefore, understanding
the effect of bitumen aging in the design of asphalt mixtures
is important to achieve proper longevity and durability [3].
During the aging process, the chemical properties of bitumen
change, and the ratio of asphaltene to maltene increases. This
change increases the viscosity and decreases the ductility of
bitumen and the resistance of bitumen to thermal cracking,
which reduces the durability of the pavement [4]. There are
various methods to restore the properties of aged bitumen, such
as the use of softer bitumen, recycling agents, polymers, etc.
[5]. Haghshenas et al. [6] described the chemical properties
of various recycling agents. The results showed that aromatic
extracts are similar in chemical composition to fresh bitumen.
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may increase the moisture sensitivity and the rate of bitumen
degradation. Also, the high oxygen content in these materials
reduces the long-term performance of bitumen. The FTIR
spectra of aromatic extracts, paraffinic oils, and naphthenic
oils are similar to those of fresh bitumen. Mohammadafzali et
al. [7] found that the effect of rejuvenators on the long-term
performance of bitumens depends on the type and amount of
rejuvenators.

Many studies have investigated the immediate effect
of recycling agents on the properties of aged bitumen.
However, understanding how the restored bitumens behave
and characterize them in the next period of service is quite
limited. Therefore, the aim of this study was to evaluate the
immediate and long-term effect of a naphthenic recycling
agent in restoring the properties of aged bitumen.
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2- Methodology

In this study, 60/70 penetration grade was used as the
base bitumen. Aged bitumen was obtained by performing
an aging simulator test (RTFO+PAV) on base bitumen in
the laboratory. To restore the properties of aged bitumen, the
naphthenic recycling agent has been used. To evaluate the
long-term performance of the recycling agent, the restored
bitumen was subjected to long-term aging using the aging
simulator (RTFO + PAV) test.

In this study, the SARA fractionation test, according
to ASTM D4124 was used to evaluate the stability of
the colloidal structure of bitumen. FTIR test was used to
investigate the chemical aging of bitumen by a carbonyl (C
= Q) and sulfoxide (S = O) indices. To evaluate the physical
properties of bitumen samples, Penetration, softening point,
and RV tests were used according to ASTM D5, ASTM
D36, and ASTM D4402 standards, respectively. MSCR test
according to AASHTO TP70 was performed to evaluate the
high-temperature performance of bitumen samples at 64 °C.
LAS test according to AASHTO TP101 was performed to
measure bitumen fatigue resistance at 20 °C.

3- Results and Discussion

According to the results of the SARA test (Figure 1),
the use of the naphthenic recycling agent has reduced the
CI of PB bitumen by 38%, which indicates the stabilization
of the colloidal structure and the restoration of the chemical
composition of aged bitumen (PB). Evaluation of the long-
term performance of bitumen samples shows that restored
bitumen after aging has a stable colloidal structure and has
better resistance to aging than base bitumen.

According to the results of the FTIR test (Figure 2), a
comparison between PB and R shows that the presence of the
naphthenic recycling agent reduces carbonyl and sulfoxide
indices and this shows the effect of this agent on the chemical
structure of aging bitumen and its anti-aging properties. Also,
the carbonyl index of PR bitumen is lower than PB, which
indicates that this bitumen has less oxidation potential than
base bitumen.

According to the results of physical tests, the naphthenic
recycling agent restored the physical properties of the aged
bitumen to the base bitumen level, which indicates the high
restoration properties of this substance.

According to the results of the MSCR test (Figures 3
and 4), adding the naphthenic recycling agent to the aged
bitumen increased the J value of R to level B. Therefore,
it is observed that this agent results in the same rutting
performance as the base bitumen. Investigation of the long-
term performance of the recycling agent shows that the value
of the R has increased with the aging of the restored bitumen.

According to the results of the LAS test (Figure 5), the use
of the naphthenic recycling agent increases the fatigue life of
aged bitumen to the base bitumen level. The results also show
that the restored bitumen has better performance in the long-
term than the base bitumen.
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Fig. 4. Elastic recovery percentage values

4- Conclusions

The most important results obtained in this study include
the following:

The naphthenic recycling agent has led to the restoration
of the chemical composition of aged bitumen, which is almost
similar to base bitumen. The results indicate better resistance
of restored bitumen than base bitumen against aging.

The carbonyl index of restored bitumen increased less
in the long-term than the base bitumen, which indicates
the lower oxidation potential of this bitumen than the base
bitumen.

The addition of naphthenic recycling agent to the aged
bitumen results in the same rutting performance as the base
bitumen.

The bitumen restored by naphthenic recycling agent in
the long-term had better fatigue performance than the base
bitumen.
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Fig. 1. FTIR spectrum of naphthenic recycling agent
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Fig. 2. Chart of changes of the penetration and softening point of aged bitumen mixture containing
naphthenic recycling agent
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Table 3. Specifications of bitumen samples

(ID) awbos B diged
B FolVe asly p3
PB (RTFO+PAYV) 00s yuy $+/Vo b
Rn S 0l (55Lw3l Jole + ouls yy b
PRx RN digai (59) Foudb s o plexil 31 Jool> 58

PAV jLasly Lol yngp Sl g P
— el FRCiT R 7 PR;
e '—>{ N PAN N

22 S59085 9 (Ko b o loands ola ulesl

L 4

FTIR

gl az o

LAS

MSCR

(o 4k RV

G ol po ylagld Y JSUS

Fig. 3. Flowchart of research steps
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Fig. 4. Separate bitumen components after SARA test for different bitumen samples
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Fig. 5. Colloidal index of different bitumen samples

yovy



YOM B YOFA doxio VF) Jlo &Y 0,loud OF 093 ¢S ool (ol pos susio 4yl

0.182

B PB

O Jigs,s asls B s silgm a3Lls

0.186

0.147

RN PRN

23 Sdiged g9 (g1 S 9lgu 9 Jwigs,S sl F S

Fig. 6. Carbonyl and sulfoxide index for different types of bitumen samples

FTIR _ilejl =Y ¥

row colue awlxe gl OMNIC 8l o5 5l guiss ol 4o
o 5 4555 i 4ol 5 02zl FTIR (gl iwin
a5 93 3l 8 sladiged (S0 sy oyl 9 FTIR lacal o8
Y c¥sle ol aasls cpl b odlitel uSsilow 5 Jsigs)S
2 &S jehailen cuol ods edb L £ IS 0 g odd duslxe ¥ g
Jog S slogasls LIl el (Sad j ogde odalin 7 S
S e smd e ol PB g B 8 o duslie g8 0 dS gilgu o
O danlie b oo Gl S gdlsw g o9 lapadld (Sab
GinlS el a8 il Jols jgis oS ansis LR 5 PB L3
odind (LS pl g Conl 0ad AuS gdlgu 5 Jogr)S (S5 slapadld
ol 5 0l yy 8 (lrondd Lo St oS (il Jole 430
Sl y2dls a5 dad o Ui gl piomed Cul odlo pl (S yo S
(PR) @so sily (S5 yiy 51 038 (2b3L 528 MenS 9ilgu 9 S S
28 5| a8 PR S8 g8 pasls ool acdly (331 PB ,3 s
018 (53l ol Lawgs o ool 5 &S sl o S0l oS 02b 0 PB
Dy 3l 1By Canns (65508 ygmoldannST Lol ode Al (> Sz

254 Cad (558 Rl Gt aily (SAD gy I e iS5l
ol asly PB
33 38 Conglio il 26 Cl jlade dn yo a8 conl o3l )lis Clidiss
CLB 8 (Sadpm 31 JSi Gallas [Y+ ] ol g (S35 50 5l
g oo L PB 38 casolS sl g amsl iol33) - /0% &+ /¥ I )]
oS il Jule &5 3550 sanlio R wigei 9 PB 18 auylio
PB 18 4 s Silog)l ot Sl 5 olan] Jlo s cely
993 3 sl 45 5l «Kislogl ol 5 Jlaio il 33l b sl 005
ol .l o 20k 1B (sAS56lS ()L g 00 yins puB (gASIS LS le
GMSelS sl shopd YA Lials cel Soat ouiiS gilosl Jole
il 5 @S Sl sl o (i o sl 013 PB 3
PB s PR ;8 mls avslie ailo (PB) oad yy 18 (obond w85
Al (Sad o Bl s bl 8 CT aoliél olie a8 amd o LS
3935 3> Glizmen PR 18 CT yizmen canl by 18 ) a8 e
ol plizmen (Sud g 5l e o 585l kSl 5 2Bl ge /O /Y
3 4l 4 o 03 Sl 8 e Conglin il o ol ale il

il (S5 o plp

YovA



62

52.1

(s

T AN

725 S Bigel £lgil oo alall g 39 dn )3 (o Ao Y JSUS

Fig. 7. Comparison between penetration and softening point of different types of bitumen samples
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MSCR @ 64°C for 0.1 kPa
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Fig. 9. The chart of strain — time at the stress level of 0.1 kPa
MSCR @ 64°C for 3.2 kPa
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Fig. 10. The chart of strain — time at the stress level of 3.2 kPa
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Fig. 11. Non-recoverable creep values (Jnr)
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Fig. 12. Elastic recovery percentage values
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Table 4. Bitumen classification according to AASHTO MP19

MAX (ESAL) Gl 5 alaww
Jor @ 3.2 kP2 T S5

Jnr_gift 1 JWEXs

¥ <10 million and >70 km/h S (Standard)

10-30 million or 20-70

v .

R e/l H (High)
v \ >30 million or <20 km/h V (Very High)
<10 >30 million and <20 km/h  E (Extremely High)

Sl s wlwl 3 8 cdiged (3, es (gaa0d, .0 Joia

Table 5. Functional classification of bitumen samples based on the traffic level

Jur @ 3.2 kPa'!
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Fig. 13. Fatigue life curve of bitumen samples
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Fig. 14. Fatigue life diagram of bitumen samples at strain levels of 1, 2.5, and 5%
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