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Thermal Storage Segregation Behavior and Storage Stability
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Abstract: To evaluate the thermal storage stability of polyurethane-modified asphalt during high-temperature storage and
transportation, modified asphalt binders with polyurethane dosages of 5.0%, 7.5%, 10.0% and 12.5% were prepared using
70# base asphalt and a reactive polyurethane external additive. A comprehensive evaluation was conducted using surface free
energy, top-bottom softening point difference AS, penetration difference AP, 10 °C ductility difference AD, 64 °C rutting
factor difference AR, phase angle difference Ad, and fluorescence microscopy after thermal storage. The results show that,
with increasing polyurethane dosage, the total surface free energy decreased from 18.8 mJ/m? to 16.4 mJ/m?, and the polar
component decreased from 2.1 mJ/m? to 1.2 mJ/m®. After standing at 163 °C for 48 h, AS, AP, AD, AR and AS were 0.98-
1.32 °C, 2.1-3.0 (0.1 mm), 0.9-1.6 cm, 0.20-0.28 kPa and 0.32°-0.55°, respectively, indicating relatively low interlayer
differences. Several indices reached relatively high values in the PU-10 group and then decreased in the PU-12.5 group.

Fluor escence microscopy shows that the polyurethane-modified phase underwent only local rearrangement after thermal
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storage, without obvious large-scale agglomeration or continuous enrichment. The study indicates that the storage stability of
polyurethane-modified asphalt does not vary monotonically with dosage; the medium dosage stage is more sensitive to
thermal storage, while a more complete polyurethane network at higher dosage helps inhibit component migration and
interlayer viscoelastic differentiation.

Keywords: Polyurethane-modified asphalt, Storage stability; Surface free energy; Ductility difference; Phase angle
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Table 1 Main technical properties of raw materials
Mk fabr AL AU
EENEE (25°C, 100g, 5s) 0.1 mm 66

TOHEE R Ak £ °C 48.6

FEFE (10°C) cm 20.5

. NCO &= % >33.0
R BRI 25 °CHh % mPa-s 180~260
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Fig. 1 Aluminum tube samples for thermal storage of asphalt
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Fig. 2 Test equipment and asphalt samples for conventional properties
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Fig. 3 Dynamic shear rheometer
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Fig. 4 Contact angle test equipment
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Table 2 Contact angles and surface free energy of different samples

e &k R PU-5 PU-7.5 PU-10 PU-12.5
TR 86.4 88.2 90.6 91.3
Hie 75.8 77.4 79.5 80.4
MR e 38.6 40.1 424 44
EE R/ (ml/m?) 16.7 16.2 15.6 15.2
Wt 4> 8/ (ml/m?) 2.1 1.7 1.4 1.2
MR A HAE (mI/m?) 18.8 17.9 17 16.4
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Fig. S Comparison of total surface free energy of different samples
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Fig. 6 Softening point difference and penetration difference of modified asphalt after thermal storage
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Fig. 7 Difference in 10 °C ductility of modified asphalt after thermal storage

ZRA K 6 I 7 RIRN, 1E 163 °CHEE 48 h 261F T, HA KR AS. AP Fil AD ¥R FR{ERALTE
BRI, U0 IA SRS e U B R R I 2 B T o = IR AR IS TE PU-10 ALk BIA XS = 8, MAE

135



2% RARTTE 34

PU-12.5 HEHkDN, R RAE FoE VA2 BEIS = 3G 00 R84k, 17 2 52 21 5 S e o1 AR i 458
PR 28 20 RE AL EIEm . BRI B L R R A U, RSB E N R R
JSE X 28 R i — 2D AR 2 A ST R AR A B, A4 R BRI R I TR A i) Bt AR E
3.3 ¥t 5 ETRRERERST

Bl 8 LT RE R I it 5 64 °C L FEHME 72 AR MRS, PG REBBE
5.0%1 % 10.0%, AR H 0.20 kPa B % 0.28 kPa, 1IE A 40.0%, VHIIEE . FEAESRIEL
el EIERA Y K, HAREAMBEH PIREE 12.5%/5, AR X[EV& £ 022 kPa, % PU-10 4H
% 21.4%. BAEKE, 41 AR BT 0.20~0.28 kPa FIH/INERIN, 2B HE 5 4R 2 IR L
EREIRIR RS AR S IR IR R R — 2, S SEBEN B E ENES MR
BEEG WA ESR, MERSBREFAET, XMER SR —eRERIH . XEEERNE
R T IR W R AR L A PE T B TR S R P IE RIE IS R, 15 i TR R SO A
CIE R — @ IR e, (RESEMEIA R, iR B RE T RS EHE A S 5] 2 W iR
MR MBERSLIING, RN RPN 4 T e, 0 TR OO AR B 2R BE N8 5], A
WA T B NRESRPUEIR ) ERER.

0.35

030 0.28
0.24

0.20

PU-5 PU-7.5 PU-10 PU-12.5

Bl 8 FRME 64 CLTEERE T

Fig. 8 Difference in 64 °C rutting factor between the upper and lower layers after thermal storage
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Fig. 9 Difference in 64 °C phase angle between the upper and lower layers after thermal storage
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Fig. 10 Fluorescence micrographs of representative polyurethane-modified asphalt before and after thermal storage
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