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ABSTRACT

The components of the sealant are diverse and complex, and there are differences in the relative molecular weight
and solubility parameters of each component, which is a thermo-dynamic unstable system. Under long-term
static storage and service conditions, the joint sealant is prone to automatic condensation and segregation, which
degrades its road performance. At present, little attention is paid to the storage stability of the joint sealants.
The current specifications have no clear requirements for this performance, which limits the service life of the
joint sealant to a certain extent. This paper investigates the influence of sealant segregation on its macroscopic
properties, microstructure and components was investigated, and reveals the reasons for the segregation behavior
of the sealant. At the same time, based on the shortcomings of the existing evaluation methods for storage
stability and in combination with the segregation behavior of the sealant, the viscosity difference is proposed as
a supplementary evaluation index for storage stability, the viscosity difference at 180 °C with a recommended
threshold of 2 Pa-s, together with a softening point difference threshold of 5 °C. The segregation test conditions
are optimized to a tube diameter of 50 mm, temperature of 185 °C, and duration of 8 h.
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1. INTRODUCTION

Polymer-modified asphalt sealant (referred to as “sealant”) is widely used by maintenance departments for crack
repair, improving driving quality, and increasing road service life [1, 2]. Different countries have developed
relevant standards in order to evaluate the field performance of hot-poured sealants [3—5]. ASTM sets forth
relatively comprehensive testing methods and technical requirements [6—9], which represent the main sealant
standard system worldwide. However, joint sealant is a mixture obtained by high-speed shearing of multiple
components, with differences in relative molecular weight, solubility parameters, and chemical structure among
the components. Sealant is an unstable thermodynamic system, and after the removal of shear force at the end
of production, the dispersed phase will undergo spontaneous condensation and segregation. There is a density
difference between the components of the sealant, and there is relative movement between the components
dynamically, and the degree of separation is related to time. In order to ensure continuous supply, sealant man-
ufacturers generally maintain a certain inventory. Most sealant is stored for a year or even longer before con-
struction, and during this period there is a certain degree of separation between the components. Before joint
grouting construction, it is necessary to heat the sealant to a temperature generally around 190°C. To ensure
construction efficiency, it is necessary to continuously heat a sufficient amount of sealant [10, 11]. Some main-
tenance departments start heating at night before construction, but due to limitations in maintenance equipment
and funds, many maintenance departments cannot fully mix the sealant, further exacerbating segregation. This
results in varying properties of the sealant along the crack direction during joint grouting, and weak areas are
prone to failure. During long-term service, the sealant will also undergo a certain degree of segregation in the
vertical direction due to component density differences [12, 13].

The segregation of sealant has a significant impact on its performance, severely limiting its service life
[14-23]. However, there is currently a low level of attention paid to the storage stability of sealant. The current
specifications for hot poured sealant do not have clear requirements for storage stability, which can easily lead
researchers, product manufacturers, and maintenance departments to overlook overlook this property.
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At present, the evaluation of sealant segregation mainly refers to the softening point difference obtained
from modified asphalt segregation tests to characterize sealant storage stability [9]. This method has problems
such as low experimental temperature, small segregation size, and incomplete evaluation indicators of sealant,
making it difficult to accurately characterize the storage stability of sealant. On the one hand, the heating tempera-
ture of the sealant is generally around 185°C, while the segregation test temperature of polymer modified asphalt
is 163 + 5°C, resulting in less representative test results. On the other hand, sealant generally contains components
such as styrenebutadienestyrene (SBS) and rubber powder. After the thermal storage segregation test, the light
components such as SBS inside the sealant tend to float up, while denser components such as rubber powder sink,
resulting in significant differences in the composition of the upper and lower parts of the modifier. However, since
both parts belong to polymer-modified asphalt sealant, and the macroscopic softening point difference may not be
significant. Therefore, it is difficult to rely on this method to evaluate its storage stability [24-27].

To date, systematic studies on the optimization of evaluation methods for the storage stability of sealants
in China are very limited. Most evaluation methods are still in the experimental stage, and corresponding
performance evaluation standards for these methods have not been proposed. Some scholars have found
through research on the storage stability of SBS modified asphalt that the difference in softening point cannot
comprehensively evaluate storage stability. Others have proposed to qualitatively evaluate the storage stability
of modified asphalt through microscopic means such as infrared spectroscopy and microscopic image analysis,
based on the existing evaluation methods for softening point differences.

Although the storage stability of sealant is a noteworthy issue, there is limited research providing exten-
sive analysis of performance evaluation methods and judgment standards. Therefore, this study first investigated
the effects of indoor segregation behavior of sealants on their macroscopic properties, microstructure, and com-
position. At the same time, based on the shortcomings of existing storage stability evaluation methods and the
segregation behavior of sealants, viscosity difference is proposed as a supplementary evaluation indicator for
storage stability. Subsequently, a separation test device for sealant was designed, and the separation conditions
were adjusted to a diameter of 50 mm, a temperature of 185°C, and a time of 8 hours. Finally, an evaluation
standard for the storage stability of sealant was proposed. This study provides technical support for the perfor-
mance evaluation of sealants.

2. MATERIALS AND METHODS
2.1. Materials

In this study, sealant-K was used to study the room temperature segregation behavior; sealant-K was obtained
from [Shandong Kaimei Technology Co., Ltd.], and its performance indicators are shown in Table 1. Petroleum
asphalt, styrene-butadiene-styrene (SBS), rubber, plasticizer, and stabilizer were selected to prepare sealant-G.
The performance of the raw materials is shown in Table 2 and Figure 1.

2.2. Method

2.2.1. Low-temperature tensile tester (LITT)

The low-temperature performance of the sealant is measured using a low-temperature performance tester for
road sealant materials developed by Harbin Institute of Technology. The tensile speed is 100 mm/h, and the
test temperature was —20°C. The stress and strain values of the low-temperature deformation of the sealant
are obtained through the tensile test to evaluate its low-temperature deformation performance. The testing
instrument and fixture are shown in Figure 2.

2.2.2. Gel permeation chromatography (GPC)

The gel permeation chromatography (GPC) test was carried out on the joint sealant using a Waters1515 gel
permeation chromatograph. The test temperature was 25°C, the mobile phase was tetrahydrofuran (THF), and

Table 1: Performance of joint sealant-K.

PROPERTY TESTING VALUE TESTING METHOD
Penetration (25°C, 150 g, 5 s, 0.1 mm) 89.2 ASTM D3407
Softening point (°C) 110 ASTM D36
Elastic recovery (%) 30.8 ASTM D3407
Low-temperature extension test Pass ASTM D1191
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Table 2: The performance of the raw materials.

TYPE PROPERTY TESTING VALUE
Petroleum asphalt Penetration (25°C, 150 g, 5 s, 0.1 mm) 84.1
Softening point (°C) 45.4
Ductility (15°C, cm) 100
SBS Block ratio (S/B) 30/70
Volatile (%) <0.7
Ash content (%) <0.2
Elongation (%) >700
Permanent deformation (%) <40
Shore hardness >68
Melt flow rate (g/10 min) 0.1~5.0

(a) Rubber (b) Microstructure of rubber powder

Figure 1: Rubber powder and its microscopic morphology.

(a) Low-temperature performance test (b) Cohesion fixture (c) Adhesive fixture
of sealant

Figure 2: Low temperature tensile test of sealant.

the flow rate was 1.0 mL/min. After passing through a certain length of chromatographic column, molecules are
separated based on their relative molecular weight, with those of higher molecular weight eluting in the front
(i.e. shorter elution time) and those of lower relative molecular weight in the back (i.e. longer elution time).

2.2.3. Fluorescence microscopy (FM)

The fluorescence microscopy method is based on the difference in fluorescence performance between petroleum
asphalt and polymers to observe the internal component distribution characteristics of modified asphalt systems.
When preparing the test sample, the sealant is first heated to 185°C until it flows well. A small amount of sealant
is taken on a glass slide and briefly heated until the surface of the sample is smooth. The magnification of the
experiment is 400.
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2.2.4. Fourier transform infrared spectroscopy (FT-IR)

Functional groups are specific groups that describe the chemical properties of materials. By testing the changes
in functional groups of materials, it is possible to determine whether a chemical reaction has occurred in the
material. In order to analyze the impact of segregation behavior on material properties and reveal the mechanism
behind the segregation behavior of sealant, a Nicolet iS50 Fourier transform infrared spectrometer was used in
attenuated total reflection mode to test the sealant before and after segregation.

2.2.5. Storage stability test method

The storage stability of the sealant indicates the separation degree of its components after long-term thermal
storage. At present, the domestic method for evaluating the storage stability of hot-poured joint sealant refer-
ences the polymer modified asphalt segregation test (JTG E 20-2011 T0661). The test steps are:

1. Inject a certain amount of joint sealant into the segregation aluminum tube of the specified size and seal the
nozzle (as shown in Figure 3), and place it vertically in the oven at 163 = 5 ° C for 48 hours;

2. After heating, put the separation tube into the refrigerator for 4 hours, and after the sample is solidifies,
divide it into three sections;

3. Test the softening point of the upper and lower samples, and take the difference to characterize the storage
stability of the sealant.

After prolonged thermal storage, less dense components such as SBS float up and gather in the upper part
of the tube, while denser components such as asphaltene sink and gather in the lower part. The softening points
of the upper and lower parts are different due to the change of component proportion. This method is simple to
operate and intuitively shows the storage stability of modified asphalt (SBS, SBR modified asphalt) when mixed
with a single modifier.

2.2.6. Viscosity measurement method

The viscosity at 180°C was measured using a Brookfield DV2T rotational viscometer (Brookfield Engineer-
ing, USA) with a SC4-27 spindle. The test was conducted according to ASTM D4402 / D4402M-15 (Standard
Test Method for Viscosity Determination of Asphalt at Elevated Temperatures Using a Rotational Viscometer).
Approximately 10.5 g of sealant sample was placed in the thermally controlled chamber, and the viscosity was
recorded after stabilization at 180 °C for 15 min.

3. RESULTS AND DISCUSSIONS

3.1. Segregation behavior of sealant

When stored for a long time at room temperature, the components of the joint sealant undergo relative move-
ment, resulting in changes in the relative content of the components in different parts of the sealant and affecting
its road performance. In order to evaluate the effect of room temperature segregation on the performance of joint
sealant, sealant-K was stored at room temperature for a long time (2 years) and then divided vertically into three
equal parts (see Figures 4 and 5).

Figure 3: Evaluation method for storage stability of sealant.
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Figure 4: Room temperature segregation test of sealant-K.

(a) Upper section (b) lower section

Figure 5: Appearance of sealant-K after room temperature segregation.

The upper and lower section of the joint sealant were taken for testing of softening point, penetration,
elastic recovery, low-temperature cohesion and low-temperature adhesion. Relevant tests and results are shown
in Table 3 and Figure 6.

The results of the road performance test of the upper and lower section of the sealant after segregation
show that there are obvious differences between the upper and lower sections of the sealant after segregation.
The upper section of the sealant is soft, and the lower section of the sealant has an obvious granular feel; their
road performance shows different degrees of attenuation.

For the upper section of the sealant, the softening point after segregation is still at a high level (more than
90°C), and the cone penetration is significantly increased to 182 (0.1 mm), which is greater than the upper limit
of the specification, indicating that when the sealant bears force after segregation, it will undergo large defor-
mation and damage. Its ability to recover deformation is at a good level, with an elastic recovery rate of 59.2%.
A low-temperature tensile test was conducted at —20°C, and the test piece did not fail, indicating that the upper
section of the sealant still has good low-temperature deformation ability after segregation.

For the lower section of sealant, the softening point decreased to approximately 80.9°C, and the differ-
ence from the upper section is 11.2°C, which indicates that the high-temperature performance of the upper and
lower sections differs significantly. The difference in cone penetration is also very significant. The cone penetra-
tion of the lower section is only 27 (0.1 mm). In the elastic recovery test, the penetration ball cannot be inserted
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Table 3: Effect of room temperature segregation on the road performance of sealant-K.

TYPE SOFTENING PENETRATION ELASTIC
POINT (°C) (25°C, 150 g, 5 s, 0.1 mm) RECOVERY (%)
Upper section 92.0 182 59.2
Lower section 80.9 27 —
Original sealant-K 110 89.2 30.8
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(a) Low-temperature cohesion at -20° C  (b) Low-temperature adhesion at -20° C

Figure 6: Effect of room temperature segregation on the low temperature performance of sealant-K.
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Figure 7: Effect of room temperature segregation on the chemical composition of sealant-K.

into the test piece, and the elastic recovery test cannot be carried out, which indicates that the sealant is hard and
does not meet the technical index of the sealant. In terms of deformation properties, the failure strains from the
low-temperature adhesion test were 0.09 and 0.11 respectively, indicating that the deformation capacity of the
sealant is insufficient, and cracking failure is easy to occur during service.

To further reveal the segregation behavior of the sealant, the upper and lower sections of the sealant were
tested by infrared spectroscopy, and the test results are shown in Figure 7.

It can be seen from the test results that the absorption peaks of the separated sealant have different inten-
sities, but the positions of the absorption peaks are the same, indicating that the segregation of the sealant is due
to the relative movement of the components. The infrared spectrum characteristics of the upper section of the
sealant mainly show strong SBS characteristic absorption peak (699 cm™ and 966 cm™') and aromatic charac-
teristic absorption peak (1600 cm™ and 723 cm™) , while the lower section shows strong sulfate S-O absorption
(873 cm™) and sulfite S-O absorption (711 cm™). This indicates that after separation, light components and SBS
are mainly concentrated in the upper section, while rubber powder and asphaltene are mainly concentrated in the
lower section. Therefore, the macro marking is that the upper section of the joint sealant is soft after segregation,
and the lower section of the joint sealant is hard and has an obvious grain sense.
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3.2. Study on supplementary evaluation index of storage stability

3.2.1. Limitations of existing evaluation methods

After the segregation of the joint sealant, the light component and SBS content increase in the top part, while
asphalt and rubber powder increase in the bottom part. Both SBS and rubber powder can improve the high-
temperature performance of the matrix asphalt to a certain extent. Therefore, there is a possibility that the
softening point of the sealant in the upper and lower sections may be the same after segregation. To demonstrate
the limitation of evaluating the storage stability of sealant using the softening point difference value as an
indicator, a sealant was prepared with a rubber powder content of 15% and SBS content of 4%, 5%, and 6%,
respectively, to simulate the lower stage of sealant after segregation. At the same time, sealant was prepared
with 6% SBS and rubber powder contents of 10%, 15%, and 20% to simulate the upper section. Their softening
points were tested separately, and the results are shown in Figure 8.

Points A and B with the same softening point were selected from the two sets of tests. They indicate that
the softening point of the sealant prepared with 15% rubber powder and 5.5% SBS, and the content of 10.5%,
and that prepared with 10.5% rubber powder and 6% SBS, are both §1.5°C. That is, even though the SBS and
rubber powder contents differ after segregation, the softening point may be the same, so the softening point
difference alone is difficult to use to evaluate storage stability.

3.2.2. Selection of supplementary evaluation indicators

The conventional evaluation indicators of joint sealant include softening point, cone penetration, elastic recov-
ery, and fluidity, etc. Cone penetration is characterized by the depth that the standard cone penetration into the
sample at 25°C, and the elastic recovery rate is characterized by the degree of recovery after the standard cone
is withdrawn from a specified depth at 25°C. The effect of additives in the joint sealant on the two indicators
is consistent, and its difference is small at room temperature, which is difficult to characterize the degree of
segregation. Fluidity refers to the fluidity of the sealant at 60°C. This index varies widely, which easily leads to
irregular evaluation results. The above indices are difficult to use to reflect the storage stability of the sealant.

After the segregation of the sealant, the light components of the base asphalt and SBS float and gather
in the upper part, while rubber powder and other heavy components sink and gather in the lower part of the
sealant. At temperatures above 180°C, the SBS in the upper sealant is fully melted (T>Tg2) and the content of
light components is high, so the viscosity of the upper joint sealant is low. However, the lower part of the sealant
contains less light components. In addition, the rubber powder sinks in the lower part, resulting in an increase
in its content. The rubber powder is not fully swelled. Under the action of the external force field, the internal
friction is large, and the resistance to deformation is strong. With the increase of heating temperature, the rubber
powder softens, and the viscosity difference between the upper and lower sections becomes smaller. Therefore,
the viscosity difference at the normal construction temperature of the sealant (180°C) can be used as a supple-
mentary evaluation index to intuitively and conveniently judge the degree of performance difference between
the upper and lower sections of the sealant, namely the degree of segregation.

The degree of segregation of sealant increases with the increase of segregation time. To verify the con-
sistency between the segregation evaluation index and the degree of segregation, the sealant-K is subjected to
segregation tests at different times (6 h, 12 h, 24 h, 36 h, 48 h) to evaluate its softening point difference and
180°C viscosity difference. The test results are shown in Figure 9.
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Figure 8: Simulate the softening point of the upper and lower joint sealant.
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Figure 9: The variation pattern of stability indicators with segregation time.

It can be seen from the test results that the softening point difference value increases with the increase of
the separation time, but the softening point of the upper and lower sections changes nonlinearly. The softening
point of the upper section of the sealant increases first and then decreases, indicating that the increase of SBS in
the early stage improves the high-temperature performance. With increasing separation time, the light compo-
nent content in the upper section becomes very high, causing its softening point to decrease, while the softening
point of the lower section increases. Based on the previous study (large softening point difference, crack sealant
segregation, small softening point difference does not necessarily mean no segregation), it can be seen that when
the segregation time is greater than 12 h, the sealant has undergone a certain degree of segregation, and the sep-
aration of components causes the softening point to change.

For the viscosity difference, the viscosity of the upper section of the joint sealant decreases with the
increase of the separation time, and the viscosity of the lower section of the joint sealant increases with the
increase of the separation time. This is because with the increase of the separation time, the light components
and SBS are more concentrated in the upper part of the separation tube, while the lower part contains progres-
sively less rubber powder and light components. Therefore, with the increase of the separation time, the vis-
cosity of the upper section decreases, and the viscosity of the lower section increases. The viscosity difference
increases with the increase of the separation time. Thus, the viscosity difference increases as the degree of
segregation increases.

Therefore, 180°C viscosity difference can be used as a supplementary evaluation index to evaluate the
degree of segregation.

3.3. Development of segregation test mould

The segregation condition of the sealant has an important impact on the test results. The current segregation
diameter is too small, which limits the movement of the polymer and affects the test results. In order to explore
the influence of the size of the separation tube on the storage stability of the seam sealant, and then determine the
test conditions for the storage stability, and considering that an excessively large separation tube would waste
material and reduce test operability, the diameter of the separation tube is set in this section to be 25 mm, 35 mm,
50 mm and 65 mm in this section. The separation tube was designed as a three-section sleeve with an effective
height of 50 mm per section to ensure uniform sample separation; the total effective height of the separation
tube is 150 mm, Both the upper and lower base plates are provided with grooves matching the outer diameter of
the sleeve, and silica gel gaskets with matching dimensions are provided between the sleeves and between the
sleeve and the base plate as sealing materials to prevent the sample from flowing out from the side wall during
separation. The design and renderings are shown in Figure 10.

Using the developed segregation test mold, segregation test were carried out on the self-made joint seal-
ant, and the softening point difference, viscosity difference and fluorescence microscope images were compared.
The results are shown in Figure 11.

From the analysis of softening point difference, generally, the larger the size of the separation tube, the
more obvious the degree of separation. For the different tube diameters, the softening point differences were:
3.0°C (25 mm), 9.5°C (35 mm), 5.5°C (50 mm), and 7.5°C (65 mm). The value does not increase monotoni-
cally, showing the rule of first increasing, then decreasing, and then increasing. On the one hand, it shows that
different degrees of segregation have occurred in the sealant, on the other hand, it shows that the softening point
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Figure 10: Design and physical image of separation cylinder.
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Figure 11: The influence of segregation size on evaluation indicators.

difference is not enough to characterize the segregation degree of the sealant; The viscosity difference increases
with the increase of the segregation size, but tends to be flat, indicating that the segregation degree of the sealant
increases, but the influence of segregation size on the degree of segregation diminishes.

The microstructure of the upper and lower sections of the seam sealant after thermal separation was
observed using a fluorescence microscope at 200x magnification. The test results are shown in Figure 12.

Rubber powder and SBS in the sealant exhibit fluorescence. It can be seen from the fluorescent micro-
scope test results that for the 25 mm separation tube, the light spots with different sizes in the upper section
are distributed separately, and the fluorescent light spots of the lower section are more than the upper section,
indicating that the content of polymer (SBS and rubber powder) in the lower section is greater than that in the
upper section after separation, and the joint sealant has a certain degree of separation; For the seam sealant of
35 mm separation tube, the fluorescence phenomenon of the upper and lower sections of the seam sealant is
significantly different, and the same phenomenon also occurs for the upper and lower sections of the seam seal-
ant under the separation diameter of 50 mm and 65 mm. With the increase of the separation diameter, the small
fluorescence point of the upper section increases, the fluorescence phenomenon increases and there is a tendency
to agglomerate; With the increase of the segregation diameter, the small fluorescent spots of the lower section
of the seam sealant decrease, and there are always irregular blocky fluorescent areas. It is characterized that the
degree of segregation of the seam sealant increases with the increase of the segregation diameter. In addition,
it can be speculated that the small and small fluorescent spots of the upper seam sealant are mainly SBS, and
the irregular block structure is agglomerated SBS; The regular block structure in the lower section of the joint
sealant is mainly rubber powder dissolved in asphalt.

To semiquantitatively compare the segregation degree at different diameters, the fluorescence micro-
graphs were analyzed using ImageJ software. For each image, the area fraction of fluorescent polymer phase
(SBS and rubber powder) was calculated. For d =25 mm, the uppertolower area fraction ratio was 0.68; for
d =35 mm, it was 0.42; for d =50 mm, it decreased to 0.23; and for d = 65 mm, it reached 0.19. The sharp
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Figure 12: Microscopic morphology at various segregation sizes.
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decrease from d =35 mm to d = 50 mm indicates that increasing the diameter to 50 mm effectively allows full
segregation, while further increase to 65 mm gives only marginal additional separation. This semiquantitative
trend supports the selection of 50 mm as the optimal diameter.

In summary, when the size of the separator tube increases to 50 mm, the influence of size effect on the
segregation degree of the sealant is reduced to a small extent. In addition, the increase of the diameter results in
the increase of material consumption and practical concerns; therefore, the final diameter of the separator tube
is determined to be 50 mm in this paper. In addition, combined with the actual construction conditions of the
joint sealant, the final test conditions are determined as follows: the separation time is 8 h, and the separation
temperature is 185°C.

3.4. Research on storage stability evaluation standards

As the degree of segregation of the sealant increases, its performance degradation also increases. In addition,
existing studies have shown that the failure mode that occurs during the service process of the sealant is mainly
adhesion. Therefore, this article establishes a correlation between different degrees of segregation and the adhe-
sion of the sealant in order to develop evaluation standards for storage stability.

The low-temperature adhesion of the sealant before segregation is shown in Figure 13, with a failure
strain of 1.53. To simulate different degrees of segregation, sealant-K was subjected to segregation tests at dif-
ferent times (aluminum tube, 8 hours, 12 hours, 16 hours, 20 hours) to test the softening point, viscosity, and
low-temperature adhesion failure strain of its upper and lower segments. The test results are shown in Table 4
and Figure 14.

By characterizing different degrees of segregation by segregation time, combined with previous research,
it can be concluded that the greater the degree of segregation, the greater the viscosity difference. For low-
temperature deformation capacity, when conducting low-temperature adhesion tensile test at —20°C, the failure
strain of the adhesive test specimen reached 1.53. After varying degrees of segregation, the adhesion of the
upper and lower sections of the joint sealant changed to varying degrees. The upper section of the joint sealant
was still relatively soft at low temperatures due to the floating of light components, and could deform well with-
out fracture. Therefore, the low-temperature adhesion of the upper section was maintained at a good level or
even improved. The lower segment undergoes varying degrees of attenuation. Under the conditions of a soften-
ing point difference of 4.9°C and a viscosity difference of 1.724 Pa-s for the degree of segregation, the adhesive
adhesion of the lower segment grouting adhesive decreases less, with a failure strain of 1.02 at —20°C, which is
33.3% lower than before segregation; The softening point difference reaches 6.8°C, and the viscosity difference
is 4.01 Pa-s. Under this degree of segregation, the adhesion of the lower section of the grouting adhesive has
undergone significant attenuation. The failure strain at —20°C is 0.77, and the attenuation degree reaches 49.7%.
Moreover, as the viscosity difference increases, the attenuation degree of the adhesion failure strain at the lower
section is close to or even greater than 50%.

Based on the quantitative relationship between viscosity difference / softening point difference and the
percentage reduction in lowtemperature adhesion failure strain, the thresholds of 2 Pas and 5 °C were identified
as the points beyond which the lowersection sealant exhibits more than 40 % loss in failure strain, indicating
unacceptable performance degradation.
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Figure 13: Adhesion of sealant before separation.
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Table 4: The relationship between the degree of segregation and evaluation indicators.

TIME (H) SOFTENING POINT DIFFERENCE (°C) VISCOSITY DIFFERENCE (PA-S)
8 49 1.724
12 6.8 4.01
16 4.7 18.64
20 9.0 19.7
o 400+ 1 . 400¢ -4~ Upper
. W e < —o— Lower
52300} (A qmas™” & 300} X
3 ’ T’: A'A‘ABQ‘AAAA'AAAAAAA‘ 1
8 200 f\t{"’b\ﬂ --4-- Upper 1 § 200+ %d.AMAA‘
% 100 \ Lowetl | 2 100/’
I i .
f % g |
0 : —_— 0
00 0510 152025 30 00 05101520 25 3.0
Strain Strain
(@ 8h (b) 12 h
400 M{ ~-e-- Upper 400} ~-4=- Upper |
© / —o— Lower = —o— Lower
83001 % o £3 300}
TI}/ i AAAAAA'UA‘ZXﬁ&AdAhﬂ \;2/ Mﬁ;% ADD
§ 200 ﬂk ‘MA 1 f 200 'f #"AAAAA\AAMQA‘Q‘“& S
— b [
A100f | 1001 |
ol .l ..... . oL . . '
00 0510 15202530 00 051015 20 25 30
Strain Strain
(c)16h (d)20h

Figure 14: The relationship between degree of segregation and low-temperature adhesion.

4. CONCLUSIONS

This study mainly explores an evaluation method of storage stability of sealant. In view of the shortcomings
of the existing evaluation methods and indicators, this paper proposes supplementary evaluation indicators and
adjusted test conditions, and proposes evaluation criteria for the storage stability in combination with the atten-
uation of road performance. The main research findings and conclusions are as follows:

1. The shortcomings of the current evaluation method for the storage stability of seam sealant are analyzed,
and it is verified that the softening point difference is not suitable for evaluating the storage stability of seam
sealant.

2. The segregation behavior of the sealant was studied. It was revealed that the segregation of the sealant was
the behavior of SBS and light components floating up and rubber powder sinking.

3. The viscosity difference at 180°C is proposed as an additional evaluation index of storage stability, and its
rationality is verified by different separation time tests.

4. By setting different segregation diameters, the influence rule of segregation diameter on the index of storage
stability of sealant was explored, and the segregation diameter was determined to be 50 mm. According
to the actual construction characteristics of the joint sealant, the segregation temperature is 185°C and the

segregation time is 8 h.
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