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ARTICLE INFO ABSTRACT
Article history: Incorporating crumbed rubber into asphalt binder or asphalt concrete mixes has become increasingly common in
Received 16 January 2024 recent years. Researchers have looked into how well this additive can improve both the modified bitumen and the
Received in revised form 27 April 2024 modified asphalt mix. With the growing usage of rubber crumb modifiers in asphalt mixtures, the significance of
Accepted 16 December 2024 certain asphalt qualities has been recognized. This has opened up more opportunities for a thorough examination

of their rheological and physical properties. The asphalt-rubber binder’s performance was often impacted by the
Keywords: amount of crumb rubber and the blending circumstances. In this study, a new method, the Steam Aging Technique
Crumb rubber (SAT), was utilized to study the attributes of the rubber-enhanced bitumen, which was aged throughout Bitumen’s
Physical and rheological properties service. The primary goal of this research was to investigate the influence of traditional aging methods compared
Steam aging to the steam aging method, and the possibility of using the latter as an alternative test to traditional methods.
Rolling thin film Oven Overall, physical test results showed notable increases in softening point and rotational viscosity and a decrease
Aged asphalt in penetration value for vapor-aged bitumen contrasted to non-aged bitumen. This research used a dynamic shear

rheometer (DSR) and a temperature sweep test (TS) method to study rutting under control strain mode. The
effectiveness of the use of steam aging has been observed and the possibility of using it as an alternative to the
conventional aging methods available was investigated. It was found that there was a great convergence in the
results extracted from the steam aging device with an addition rate of 5, 10, and 15% and an aging time of 45
minutes with the results extracted from the rotary kiln device, except for the 20% addition rate, which gave a
difference in values.
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1. Introduction takes a very long time to decompose and return to its basic components [9].
The availability of landfill space has decreased even as the number of waste
tires has grown. The steady increase in the amount of waste tires over the past
few years has made this an increasingly pressing issue. One useful way to use
scrap tires is by using asphalt binders modified with rubber powder in the
construction of pavement. In this way, we can gain enhanced tensile strength
and fatigue endurance, and reduced temperature susceptibility, and thus, the
overall properties of the mix could be improved. It has been shown that using
scrap tire rubber powder in modified asphalt binders can have positive ef-
fects on the environment and the economy [9—-12]. The compatibility between
asphalt and rubber must be enhanced if reliable, high-performance rubber
asphalt is to be produced. Cross-linked rubber, carbon black (CB), silica, and
other additives make up the bulk of tire rubber [13]. Since the asphalt binder
and all its additives play an important role as a basic construction material of
hot asphalt pavement, the study of its rheological and mechanical attributes
is a very important section for every researcher. The fact that the binder is
exposed to different aging environments related to temperature changes and
access to oxygen, the aging factor had to be one of the important issues of the
study, where aging changes the physical and rheological properties of asphalt
binder alike. Many researchers have used the rolling thin-film oven (RTFO)
and pressure-aging vessel (PAV) test to examine the effects of artificial aging
on the rheology of binders [14]. More effective and speedier aging procedures
for both neat and modified bitumen binders have been developed, including
the stirred air-flow test [15] and microwave technology.

Transportation is the main artery for the economic development of coun-
tries and territories, such as the transportation of citizens, goods, and others.
To ensure good economic growth, this is done through transportation networks
whose platforms must ensure good ride quality, thus increasing the demand
for transportation infrastructure. Pavement deterioration is exacerbated by
the rising number of heavy vehicles on the road, so improved materials must
be developed to meet the increasing challenges [1-3]. These circumstances
have contributed to the development of various asphalt coating technologies
over the past 50-60 years [4]. The use of additives to improve asphalt mixture
properties is one area of study [5]. Crumb rubber (CR) made from used car
and truck tires is a raw material in asphalt and other paving materials. Since
CR helped lessen the improper disposal of used tires in nature, it gained more
and more attention from the pavement industry and the academic research
community. Despite years of research and development, crumb asphalt rubber
pavements still have a hard time gaining widespread acceptance. Lo Presti [6]
explains that this is due to the exceptional lack of support for local policy and
because the experts involved lack the necessary information and training. The
performance attributes of the neat asphalt binder, such as resistance against
rupture and stress cracking [7, 8], need to be enhanced to prevent structural
damage to the asphalt pavement and enhance the resilience of the pavement.
Despite the urgent need to enhance the attribute of the bitumen, the cost of
the additive must be taken into consideration, in addition to its impact on the
environment, where countries are striving to get rid of waste rubber, which
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Nomenclature:

List of variables:

CB Carbon black

CR Crumb rubber

DSR  Dynamic shear rheometer
PAV Pressure-aging vessel
SAT Steam aging technigie

ST Temperature sweep
RTFO Rolling thin-film oven

RPM Revolution per minutes
G*/Siné  Rutting factor

Greek Symbols:

G* Complex modulus

1) Phase angle

mbar Millibar pressure unit
g Gram unit

Compared with laboratory aging, the aging test using the steam cocker device
is a new method of aging that is less harmful to the environment and in a rela-
tively short period compared to the rolling thin film device [16]. Historically,
researchers have paid less attention to how asphalt binders age in the field [17].

2. Research objectives

This study has two main goals. As a first step, it utilizes a steam device to
assess the aging process with the hope of one day deploying this technology
in place of the conventional short-term aging device. The second objective of
this study is to employ the Steam Age Apparatus to determine the sensitivity
of rubber-modified asphalt binder to heat. If these goals are met, it will be
possible to learn more about how asphalt binders age and how the steam device
can be used in asphalt aging research.

3. Materials and methods
3.1 Asphalt binder

An asphalt binder with a penetration rate of 40/50 as a control bitumen was
used in this study. The physical characteristics of this primary binder are listed
in Table 1.

Table 1. Features of the neat bitumen used.

Test Name Slandered used Test result
Penetration @ 25°C ASTM D5 047.00
The softening point, °C ASTM D36 050.00
Flashpoint, °C ASTM D92 330.00
Fire point, °C ASTM D92 120.00
Specific Gravity ASTM D70 01.034
Viscosity @ 135 °C (cpoise) ASTM D4402 00.431
Viscosity @ 165 °C (cpoise) ASTM D4402 00.136

3.2 Crumb rubber modifier

Crumb rubber is recycled rubber produced from scrap tires of cars and trucks.
During the recycling process, the steel wire and tire (fluff) are removed, leaving
rubber tires with a granular texture. Continuous processing with a granulator
or crushing mill, possibly with the help of coolers or by mechanical means,
reduces particle size even further.Figure 1 demonstrates the process used to
create premium grade, ultra-fine (40 mesh) tire crumb rubber. This material
meets all ROHS standards. T-MESH 40 has a high pass rate and is clean from
foreign pollutants because of its novel production method and rigorous qua-
lity control. Table 2 lists the chemical components of the tire crumb rubber
(T —MESH 40) and Table 3 lists its physical attributes.

4. Rubber-modified binder production

The asphalt binder was mixed with recycled rubber crumb using a wet method,
Fig. 2. The rubber-modified asphalt binder was produced by mixing finely
ground rubber crumbs with the bitumen at a high temperature to ensure the
homogeneity of the mixture and then it can be used with aggregates to produce
modified concrete mixes. As the asphalt binder’s lighter fractions (essential
oils) absorb the recycled rubber microparticles, the former may swell and, as a
result, the latter may harden, creating a viscous gel with a fairly high viscosity
[18]. Blending the bitumen with the rubber crumb modifiers involved slowly
adding the modifiers while the mixture was heated to between 160 and 170°C,
and mixed at a shearing rate of (1000 RPM) for one hour using a high-shear
mixer. Next, the mixtures are placed in metal canisters covered with foil before
being used in relevant laboratory tests.
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Table 2. Chemical constituents of the used tire crumb rubber [19].

Attributes Standards Results
Acetone Extract% JIS K 6350 10£5
Ash Content % TGA 05+3
Carbon Black % TGA 32+5
Rubber Hydrocarbon % TGA 5248

Table 3. Physical attributes of the used tire crumb rubber[19].

Attributes Standard used Results
Passing (%) ASTM D 5644 >90.0
Loss on Heat (%) ASTM D 1509 <01.0
Metal Content (%) ASTM D 5603 <00.1
Fiber Content (%) ASTM D 5603 <00.3

Figure 2. Tire crumb rubber modified preparation.

5. New conditioning criterion for moisture Susceptibility

By using a steam cooker apparatus for sample conditioning, a new approach
moisture susceptibility criterion was developed by steam produced by a food
steamer.

5.1 Preparation of steam aged asphalt binders

For the preparation of the asphalt sample, PAV vats were used. The aging
procedure is as follows: Stir the sample and pour (50 g) into the container of
the preheated aging measuring vessel as shown in Fig. 3. Pour out two pans
and place them in the food steamer, as shown in Fig. 4. Next, take the sample
out of the machine and put the aged asphalt samples in small cans to be used
for further testing
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Figure 3. Asphalt binders before and after steam aging.

5.2 Steam aging apparatus

The steam aging apparatus consists of the following elements: a) Electricity
that can be used to heat the water bath to temperatures of up to 100°C. b) A
reliable balance that can measure down to (1g) in precision is ideal. ¢) As
shown in Fig. 3 and Fig. 4, the environmental chamber has three racks with
enough space to test two cylindrical samples with two trays of PAV pans.

Figure 4. Steam cooker apparatus used in the aging process.

5.3 Test principle

To achieve the moisture saturation, nominally identical test specimens are
heated in a steam cooker assembly with a partial water bath at 89.2°C and
a pressure of (0.8 mbar) for the times (15, 30, 45, and 60 minutes) listed in
Table 4.

Table 4. Steam Temperature and Pressure with One Opening Outlet [16].

Time |Temperature of Temperature Temperature of Pressure
minutes app. , °C of core , °C skin , °C (mbar)
15 98.2 94.9 95.7 0.80
30 98.2 96.8 97.2 0.80
38 98.2 98.2 98.2 0.80
45 98.2 98.2 98.2 0.80
60 98.2 98.2 98.2 0.80

6. Results and discussion

Conventional tests such as softening point, penetration, and rotational viscosity
assessments were carried out serially on the asphalt binder without and with
the addition of rubber. Table 5 shows the results obtained from the tests of the
crumb rubber-enhanced bitumen, as indicated in the following paragraphs.

6.1 Penetration test

The results showed a percentage of decrement in the penetration values for
the percentages of crumb rubber utilized in this research. Through Fig. 5, it is
possible to notice the reduction in the liquefaction value with the continuous
increase in the percentage of rubber. This is due to the general properties of
rubber and its apparent ability to enhance the physical behavior of the modified
bitumen, such as stiffness, tensile strength, and others. Lower penetration rea-
dings imply a more rigid and stable binder as the amount of tire rubber powder
in the mix increases [18-20]. Figure 5 displays the results of the thin-film
oven test (RTFOT), and Fig. 6 displays the results of the steam aging test
(SAT), both of which show a decrease in the penetration values of the base
and modified bituminous binders during aging.
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Figure 5. Penetration value for CR modified asphalts before and after rolling
thin film oven test.
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Figure 6. Penetration value for CR modified asphalts for steam aging.
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Figure 7. Softening point value for CR modified asphalts before and after
rolling thin film oven test.
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Figure 8. Softening point value for CR modified asphalts for steam aging.

6.2 Softening point test

The outcomes showed that the softening point value of the enhanced binders
was improved by increasing the CR particle content and aging time due to
the asphalt binder hardening. As the rubber serves as reinforcement for the
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Table 5. Steam temperature and pressure with one opening outlet [16].

Test Unit Mix coding
MB-40R0 MB-40R5 MB-40R10 MB-40R15 MB-40R20
Penetration 1/10 mm 47.00 43.00 39.00 35.00 31.00
Brookfield Viscosity @ 135°C (Pa.s) 0.6538 0.8913 1.0981 1.3251 1.6187
Brookfield Viscosity @ 165 °C (Pa.s) 00.2099 00.3124 00.3505 00.3713 00.3992
Softening Point °C 50.00 54.00 60.00 65.00 69.00
Flash point °C 331.50 361.00 387.50 399.50 410.50
*After Rolling Thin Film Oven Test
Penetration 1/10 mm 32.50 28.50 22.50 19.70 17.50
Loss on weight (163°C, 50gm, 5h) (%) 00.30 00.278 00.267 00.260 00.24
Softening Point °C 54.50 57.60 63.10 67.20 69.80

asphalt binders, asphalt binders with a higher softening point could be less
prone to persistent deformation (rutting), hence an increase in this temperature
is desirable. The softening point values increase with the proportion of tire
rubber powder in the mixture, which indicates that the binder becomes more
rigid and stable [18]. Results of softening point values ranked and adjusted
asphalt binder increased after each of the aging conditions for the test Thin
Film Oven (RTFOT), as shown in Fig. 7, and the steam aging test (SAT), as
shown in Fig. 8.
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Figure 9. Viscosity at 135°C for CR modified ( Un-Aged and RTFO Aged )
binder in different percent.
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Figure 10. Viscosity at 165°C for CR modified (Un-Aged and RTFO Aged)
binder in different percent.

6.3 Viscosity tests

One of the most significant characteristics that play an important role during
the manufacturing period from the manufacture of hot asphalt mixture to the
mechanism of laying and compacting it to form a new pavement is viscosity
[21,22]. It was observed from the extracted results, a significant improvement
in the value of viscosity with the increase of the percentage of rubber, where
the increase in the proportion of CR powder leads to a significant improve-
ment in the viscosity of the aged rubberized asphalt contrasted to the aged
unmodified binder. Viscosity is an ever-increasing nonlinear function of the
CR ratio and the relative increase is an issue related to the application of
temperature [18]. Figure 9 compares the viscosity values of the base and the
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modified bitumen, where the viscosity behavior was observed by increasing
the proportion of the modified rubber additive. The modified rubber bitumen
has significantly higher values for all measures of viscosity compared to the
bitumen used as a control. According to the Superpave specification standard,
all changed asphalt binder viscosity data fell below the maximum permitted
value of (3 Pa.s). Excessive value of viscosity is not beneficial for workability
amid transportation and mixing processes. To verify that an asphalt binder can
be cured and pumped in a hot mixing plant, its viscosity is measured. Figures 9
— Fig. 12 display the results of viscosity measurements taken at medium and
high temperatures of 135°C and 165°C, respectively, for uncoated binders and
RTFO with or without rubber crumb. Regardless of the aging condition, it is
clear that the addition of crumb rubber enhanced the viscosity of the binders at
both temperatures. Another difference is that the viscosity of the unmodified
binder is lower than that of the old modified RTFO.
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Figure 11. Viscosity at 135°C for CR modified bitumen after steam aging.
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Figure 12. Viscosity at 165°C for CR modified bitumen after steam aging.

Moreover, adhesives with a higher percentage of crumb rubber have a much
higher viscosity value. The test results shown in Figs. 13-Fig. 16 revealed the
percentage increase in the viscosity values of the bitumen modified with CR
compared to the fine asphalt binder, as they indicate that by increasing the
percentage of crumb rubber, the viscosity values increase. Where the increase
in the percentage of the additive had a greater effect than the aging, and the
outcomes showed that the increase in the hardness of the mixture was due to
the increase in the percentage of CR, aging time, and temporal aging. The
results also showed that the modification has a greater effect on the viscosity
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increase than the aging time. This phenomenon develops as a result of the re-
lationship between the increase in modification ratio and the duration of aging.
A considerable amount of asphalt goes through oxidation (liquefied asphalt)
and is absorbed by the rubber crumb as the aging period and modification
ratio rise. But the extent and intensity of these changes differ with the rate of
modification and the length of time spent aging.
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Figure 19. Temperature sweep test after RTFO aged for crumb rubber modified
binder.

6.4 The rheological performance

After reviewing the results obtained from conducting physical tests, which
include both penetrations, softening point, and viscosity, it was noted that by
increasing the tire crumb rubber (TCR) to the bitumen, the physical attributes
of the enhanced bitumen were improved with different rubber percent that was
previously proven. The decrease in the penetration value and the increase of
both the degree of softening and viscosity led to enhancing the hardness of the
binder and increasing its ability to resist permanent deformation. Figures 17
—19 show the outcomes of the DSR assessment at pre-determined temperatu-
res and steps of 6°C. The results were presented to determine the change in
consistency of the asphalt binder using the modified rubber as a function of
temperature change with a frequency of 10 rad /sec. A minimum of 1.0 KPa
is recommended for the rutting factor (G*/sind) for unaged bitumen to ensure
that it is sufficiently resistant to rutting at relatively high service temperatures.
By following up the behavior of asphalt grade 40-50 used in the study and by
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using rubber as an improver of asphalt properties in different ratios, it was
concluded that the rutting factors in the improved binders are much higher than
that of the control binder. The same behavior was represented by aging asphalt
in the steam kiln and Rolling Thin Film examination. Reducing sensitivity
to the change in temperature and improving resistance to rutting (permanent
deformation) at high temperatures was the behavior of the modified binders.

Crumb Rubber , %

Figure 20. Failure temperature for crumb rubber modified binder before RT-
FO.
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Figure 21. Failure temperature for steam aged (45 minutes) for crumb rubber
modified binder.
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Figure 22. Failure temperature for crumb rubber modified binder after RTFO.

Moreover, the rubber-modified asphalt binder values had greater failure tempe-
ratures compared to the control binder, as shown in Figs. 20 —22. Consequently,
the control binder’s performance temperature (PG) was raised. The same beha-
vior was associated with steam aging and the RTFO examination. Figures 20
—22 show that, regardless of aging condition, crumb rubber-modified asphalt
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has a higher complex modulus (Gx) at the lower end of the temperature range
and a higher complex modulus at higher temperatures compared to the neat
asphalt binder regardless of the content of rubber crumbs. This indicates an
improved sensitivity of the CR-modified asphalt to the change in temperature
which leads to increased elasticity at low temperatures and increased stiffness
at high temperatures. By following up the behavior of aging by steam compared
to the traditional aging represented by the RTFO method, it was found that
during the time of 45 minutes with steam it is very close to the traditional
aging for all the ratios of the additive. This conclusion is very close to the
results obtained from the traditional tests of asphalt and indicated previously.

7. Conclusions

In this study, the effect of the use of rubber crumb as a modifier for asphalt
binder with a penetration grade of 40-50 from the Iraqi Dora refinery was
studied. Several conclusions are drawn from the findings:

The apparent enhancement in the physical attributes of the modified
asphalt binder by adding CR, as shown in the decrease in the penetration
values and the increase in both the degree of softening point and visco-
sity, which is attributed to the homogeneity obtained in the modified
asphalt binder and its clear compatibility.

Using rubber as an improving agent for asphalt mixtures at high tempe-
ratures due to the increase in viscosity and failure temperature, which
were noted to be within acceptable limits according to previous studies.

DSR tests indicated that bitumen-rubber mastics had better rutting co-
efficients (G * /sind) relative to the control asphalt binder.

Due to the long periods required for the rubber to decompose into its
main components and for its clear improvement of the properties of
the asphalt binder, it is recommended to use reclaimed tire rubber as a
successful alternative to enhance the rheological behavior of the asphalt
binder.

By following up the results of the traditional tests of the rubber-modified
asphalt binder and comparing the results obtained from steam aging
in addition to the traditional examination using the Rolling Thin Film
Oven test, It was found that there was a great convergence in the results
extracted from the steam aging device with an addition rate of 5, 10,
15% and an aging time of 45 minutes with the results extracted from
the Rolling Thin Film Oven device, except for the 20% addition rate,
which gave a difference in values.

The results obtained from the DSR test confirmed that the time of 45
minutes of steam aging for the four percentages is close to the results
obtained by aging in a Rolling Thin Film, so we recommend using steam
aging as an alternative to the rotary kiln because it gives very close
results in addition to reducing pollution to the environment.
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