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ABSTRACT: Variations in the chemical characteristaf asphalt constituents and SBS in the
second type of polymer modified asphalt (MT) andirty thermal degradation process are
compared with those of the H type of polymer medifasphalt (MH) from the yields of four
constituents in both MT and MH separated by solvextraction, the average molecular
weight of four constituents in MT and MH, the mallr weight distribution of styrene
—butadiene —styrene triblock copolymer (SBS) in &d MH, physical properties (softening
point and penetration), and concentration of rddica MT and MH. As a result, the
findings are as follows.

During thermal degradation of both MT and MH, thezdmposed SBS molecules combined
with the asphalt constituents, which resulted theraases of resin yields. Irrespective of
term of thermal degradation within 10 days at 180the softening points of MH were higher
than those of MT. During thermal degradation pssoef MH, the content of radicals in MH
was lower than that of MT due to incorporation afshof the asphalt constituents into the
SBS molecules. As a result, in comparison with M&composition of the SBS molecules
and the increases of the yield and the averagecaualeweight of ASP were suppressed with
the increase of term of thermal degradation of MH.

KEY WORDS: Polymer modified asphalt, Thermal degtazh, Chemical properties, Styrene
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1 INTRODUCTION

It is well known that the polymer modified asph@tA) has superior properties, such as
fluidity-resistant, abrasion-resistant, and dragniproperty, as binder in the pavement.
Therefore, the output of MA increases every yead, @xceeds 430 kt per year in Japan. In
Japan, asphalt pavement makes up 90% of paved rdéad.okyo, MA pavement makes up
80% of the asphalt paved road. In Japan, about &RM was produced by modification
of straight asphalt (SA) with styrene —butadiengyreme triblock copolymer (SBS). On the
other hand, recycle of pavement materials is ot#ddydy law in Japan. In order to establish
recycle process and lengthen of life of MA, degteamechanism of MA must be clarified.



It was clarified that the rheological propertiestioé aged polymer modified bitumen were
dependent on a combined effect of bitumen oxidagioth SBS degradation (Lu and Isacsson
1998, 2000). During ageing of MA, relation betwabarmal degradation of SBS and the
physical and rheological properties of MA was dssad (Cortizo et al. 2004). During the
oxidative ageing of MA, it was revealed that thamges in the chemical structures of several
kinds of polymer modifiers affected degradationagphalt constituent in MA (Ruan et al.
2003a, 2004b). They also discussed the changdiseimheological properties of several
kinds of MA during long-term (2 -18 months) oxidati (Ruan et al. 2004b). However,
degradation mechanism of MA has not been fully riggbfrom the variation on the chemical
properties of MA.

Two kinds of MA, such as second type of MA (MT) addype of MA (MH) are widely
used in the pavement. The softening point, digti 15°C, and toughness value at 25°C of
MT are over 56.0°C, 30 cm, and 8.0 Nm, respectivel®n the other hand, those of MH are
over 80.0°C, 50 cm, and 20 Nm, respectively (Jadadified Asphalt Association, 2007).
MT is superior in fluidity-resistant and abrasia@sistant, while MH is superior in
fluidity-resistant and draining property. TherefoMT and MH are used as pavement at
heavy traffic road, while MH is also used at anrespway and a drainage paved road. The
contents of SBS in MT and MH are 5% and 9%, respagt The microstructure of MT
and MH is different due to the content of SBS. rEf@re, degradation mechanism of MT
and MH might be different. The authors have alyeegported variations in the chemical
characteristics of asphalt constituents and SB®Anduring thermal degradation process
(Sugano et al. 2009). On the other hand, deg@dati MA by oxidation is different from
thermal degradation.

Degradation of asphalt consists of four terms, sashstorage before shipment, mixing
with aggregates, construct to road, and usageasynt. Thermal degradation is the most
important factor for degradation of asphalt becahsemal degradation participates in these
four terms. Thermal degradation is the only fackating the storage term of asphalt.

Therefore, in this study, variations in the cheraaracteristics of asphalt constituents
and SBS in MT during thermal degradation processcampared with those of MH from the
yields of four constituents in both MT and MH segiad by solvent extraction, the average
molecular weight of four constituents in MT and Mtie molecular weight distribution of
SBS in MT and MH, physical properties (softeningnp@nd penetration), and concentration
of radicals in MT and MH.

2 EXPERIMENTAL
2.1 Sample preparation and degradation of samples

Two kinds of MA, such as MT and MH, were prepargdiixing SBS and SA at 190 °C
for 6 h. The thermal degradations of MT and MH evearried out at 190 °C for 5 or 10
days in nitrogen gas.

2.2 Separation of samples into four constituents

The experimental scheme for separation of samptesdaour constituents is summarized in
Figure 1. After each sample was extracted witlexane under an ultrasonic irradiation, the
slurry was filtered to separate residue and fdtratThe n-hexane insoluble (asphaltene; ASP)
material was prepared from the residue by drying3fdn under vacuum at 60 °C. On the
other hand, after n-hexane was evaporated froniilthege, the n-hexane soluble (maltene)



material was prepared by drying the extract for 8nlder vacuum at 60 °C. After each
maltene was placed at the top of activated alunidag( filled in the glass column with
n-hexane, 300 ml of n-hexane, 300 ml of toluen&, 260 ml of mixture of methanol and
toluene (80 ml of methanol, 80 ml of toluene an® X of methanol) were successively
flowed into the glass column. After each eluates whtained, each fraction was obtained by
the solvent evaporation from the eluate. The ibastfrom the eluates of n-hexane, toluene,
and methanol+ toluene+ methanol were referred agsagas (SAT), aromatics (ARO) and
resins (RE).
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Figure 1: Experimental scheme for separation ofpde@snnto four constituents.

2.3 Gel permeation chromatography (GPC)

The average molecular weights of four constits@mtSA, MT and MH, and the molecular
weight distributions of SBS in SA, MT and MH werbtained by GPC. The GPC system
used was a Shimadzu LC-10ADVP pump equipped wiihismadzu SPD-10ADVP UV-VIS
spectrometer and two GPC columns, Shimadzu GPCa805GPC-804. In the analysis, 1
mg of sample in 1 ml of tetrahydrofuran (THF) sauatwas prepared and @&0of sample
solution was injected into the column at 40 °C. e Tate of the THF mobile phase was fixed
at 1 ml/ min.

2.4 Electron spin resonance (ESR)

The contents of free radicals in SA, MT and MH asralicator of degradation of asphalt
were quantified by ESR. ESR measurements of asphetre obtained with a JEOL
JES-RE2X electron spin resonance spectrometer &C25 The M /MgO standard was
used for g-value calibration. ESR spectra weremerd on a JEOL ES-EDX4 electron
nuclear double resonance spectrometer.

2.5 Penetration at 25°C
The penetration test was conducted in accordante & K 2530 (100 g weight, 5 s

penetration, and 25°C temperature). An averagthree measurements was recorded for
each sample.



2.6 Softening point

Softening point was measured by the ring and bathod in accordance with JIS K 2531.
An average of three values was recorded for eatiplsa

2.7 Thermogravimetry (TG)

The extents of decrease in weight of four comstits in MT and MH with the increase of
temperature were analyzed by TG. A TG curve ofheaample was measured with
thermogravimetry/ differential thermal analysis (D3A) instrument (Shimadzu, DTG-50).
A weighed sample (2 mg) was heated at the rateddfC2/min up to 600 °C in a nitrogen
atmosphere (Sugano et al., 2007).

3 RESULTS AND DISCUSSION
3.1 Physical properties of MT and MH

Softening Point and Penetration at 25°C befordter ¢hermal degradation of SA, MT and
MH are shown in Figure 2 (a) and (b), respectivel$oftening Point of SA was smaller than
those of MT and MH. Softening point of MT increds&ter 5 days degradation, however it
decreased after 10 days degradation. On the b#ret, variation in softening points of SA
and MH with the increase of term of thermal degtatawas negligible. Therefore, it was
considered that thermal degradation mechanism ofMdd different from that of MH.

From Figure 2(b), penetration of MT was largeartithose of SA and MH. With the
increase of term of thermal degradation, penetaifcSA, MT and MH decreased gradually.

3.2 Yields and TG curves of four constituents in &id MH

Yields of four constituents before or after therndelgradation of SA, MT and MH are
shown in Figure 3. Values in Figure 3 denote therage molecular weight of each
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Figure 2: Softening Point and penetration at 25&te or after thermal degradation of SA,
MT and MH.



constituent. With the increase of term of therahegradation, the yields of ASP in SA, MT
and MH increased gradually. However, the SAT yialSA and the RE yields in MT and
MH increased gradually. On the other hand, in@éageld of ASP in MH by thermal

degradation was smaller than those of SA and MT.

The average molecular weight of ASP before agrdfiermal degradation of SA, MT and
MH are shown in Figure 4. With the increase ofmaf thermal degradation, the average
molecular weight of ASP in SA and MT increased, boer, the increased amount of the
average molecular weight of ASP in SA was largantthat in MT. On the other hand, the

average molecular weight of ASP in MH was almoshstant.

The TG curves of four

constituents in MT and MH are shown in Figure 5.ecBmposition extent of four
constituents in both MT and MH increased in theeordSP < RE < ARO < SAT.
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Figure 3: Yields of four constituents before oeathermal degradation of SA, MT and MH.
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3.3 Molecular weight distribution of SBS in MT amMH

The molecular weight distributions (GPC profiles) SBS before or after thermal
degradation of MT and MH are shown in Figure 6. e Tholecular weight of two peaks
ascribed to SBS copolymer are 180,000 (15 min.)%H@00 (16 min.). In comparison with
the height ratio of two peaks of raw SBS, thoseSBfS in both MT and MH increased.
Therefore, it was clarified that decomposition &SSoccurred during preparation of MT and
MH. The height ratio of SBS in both MT and MH iresed with the increase of term of
thermal degradation. The intensity of UV absonmptad two peaks of SBS in both MT and
MH decreased with the increase of term of thernegradation. However, the increased
amount of height ratio and the decreased intens$ityV absorption with the increase of term
of thermal degradation of MH were lower than thoE#T.
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Figure 5: TG curves of four constituents in MT aid.
3.4 Content of radicals in MT and MH

The contents of radicals of SA, MT and MH at 25&@l 60 °C are shown in Figure 7.
The contents of SA, MT and MH increased with tha@ase of temperature. Therefore, it is
expected that the contents increase at the thedegahdation temperature (190 °C). With
the increase of temperature, the content did notease significantly for MA with small
content of radicals. The contents of MT and MHeuvewer than that of SA. Therefore, it
was considered that the contents of radicals ofavid MH were suppressed by addition of
SBS. It was also estimated that the suppressfeetei MH was stronger than that in MT.

The contents of radicals before or after therdegjradation of SA, MT and MH are shown
in Figure 8. The contents in SA, MT and MH incesvith the increase of term of thermal
degradation. However, the increased contentsdi€aks of MT and MH were lower than
that of SA, and the suppressive effect in MH with increase of term of thermal degradation
was stronger than that in MT.  Accordingly, witletimcrease of term of thermal degradation,
it is considered that the content does not increggeficantly for MA with small content of
radicals.



3.5 Thermal degradation mechanisms of MT and MH

Comparison of thermal degradation mechanisms Dfavid MH was considered as below.
A scheme of this consideration is shown in Figure B was reported that the asphalt
constituents in MT and MH were swelled into SBS @soles due to the incorporation of 9
hold weight of the asphalt constituents, such aaREARO into the SBS molecule (Uesaka
et al. 2005). Therefore, only a part of asphatistibuent was swelled by SBS molecule in
MT because SBS content in MT is only 5%. As a ltesuis well known that the asphalt
constituents outside the SBS molecules in MT foreoatinuous phase of straight asphalt.
On the other hand, most part of the asphalt camstis in MH was swelled into the SBS
molecules owing to the high content (9%) of SBMiH. As a result, it is well known that
the SBS molecules in MH form a continuous phas€B$. Therefore, the softening point
of MH was higher than those of SA and MT. Durihgrimal degradation process of MH, it
was estimated that the thermally stable SBS matscplrotected the thermally unstable
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asphalt constituents in MH due to incorporationtlod asphalt constituents into the SBS
molecules. Therefore, the content of radicals i Was lower than those of SA and MT.

During thermal degradation process of MT, thetenhof radicals increased because the
thermally unstable asphalt constituents, such a& &#d ARO, outside the SBS molecules
decomposed. It was considered that the radicaisefd from the thermally unstable asphalt
constituents polymerized with the SBS moleculesa@thdr asphalt constituents. As a result,
both decomposition of the SBS molecules and ineea$ polar constituents, such as ASP
and RE, occurred during thermal degradation of MEstimating from variation of the
softening point of MT, increases of polar constitise and decomposition of the SBS
molecules proceeded on the initial and final stagfethermal degradation process of MT,
respectively. Therefore, the increased contemadicals during thermal degradation of MT
was higher than that of MH. Accordingly, it wasamied that the continuous phase of
straight asphalt and the dispersed SBS moleculesg@sed simultaneously during thermal
degradation process of MT.
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During thermal degradation process of MH, therage molecular weight of ASP did not
increase significantly.  Further, in comparison hwithe thermal degradation of MT,
decomposition of the SBS molecules in MH was nditamced due to suppression of the
increase of radical content in MH.  Accordinglyridg thermal degradation process of MH,
the continuous phase of SBS decomposed, howewerditpersed constituents of straight
asphalt did not decompose significantly. Estinmatirom these discussions, it is clarified
that thermal degradation mechanism of MH is diffiéfeom that of MT.

3.6 Thermal degradation mechanisms of SBS in MTMHd

During thermal degradation of both MT and MH, itsmeonsidered that the decomposed
SBS molecules combined with the asphalt constigjemhich resulted the increases of RE
yields. On the other hand, as written above, sitgrof UV absorption of two peaks of SBS
in both MT and MH decreased with the increase wohtef thermal degradation. Therefore,
elasticity of SBS in MT and MH decreased with deposition of SBS, which resulted the
decrease of penetration at 25°C with the incre&serm of thermal degradation.
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Figure 9: Comparison of thermal degradation meamasiof MT and MH.

4 CONCLUSIONS

Variations in the chemical characteristics of a#pbanstituents and SBS in MT during
thermal degradation process are compared with tlebs®H. Our conclusions are as
follows.

1. The contents of radicals of both MT and MH wévever than that of SA because
generation of radicals was suppressed by addiiddBs. The softening points of MT
and MH were higher than that of SA due to addibb®BS.

2. During thermal degradation of both MT and MHg tdecomposed SBS molecules
combined with the asphalt constituents, which tesuthe increases of RE yields.

3. Irrespective of term of thermal degradation withO days at 190 °C, the softening points



of MH were higher than those of MT.

4. During thermal degradation process of MH, theteot of radicals in MH was lower than
that of MT due to incorporation of most of the aalploonstituents into the SBS molecules.
As a result, in comparison with MT, decompositidithee SBS molecules and the increases
of the yield and the average molecular weight oPAfere suppressed with the increase of
term of thermal degradation of MH.
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