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Abstract: To address the issues of high construction viscosity and elevated mixing temperature associated
with polyurethane-modified asphalt (PUA), a PUA binder was prepared by blending 70# base asphalt with a
polyurethane modifier. The polyurethane modifier employed aromatic isocyanate as the primary reactive
component, with an NCO content of no less than 33%, exhibiting strong polarity and high reactivity.
Polyetheramine D230, characterized by a flexible polyether backbone and primary amine terminal groups,
was selected as the viscosity reducer owing to its low viscosity, favorable diffusivity, and good compatibility
with the PUA system. Four dosage levels of polyetheramine (0, 0.3%, 0.5%, and 0.7% by weight) were
investigated to systematically evaluate their effects on construction viscosity, high-temperature rheological
performance, low-temperature creep behavior, and short-term aging susceptibility. The results indicate that
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polyetheramine D230 significantly reduced the rotational viscosity of PUA within the temperature range of
120-165°C. At an optimal dosage of 0.5%, the viscosity at 135°C decreased from 3.41Pas to 2.53Pa-s, and
the equiviscous construction temperature was reduced by approximately 7-9°C. Under an angular frequency
of 9.9rad/s, the complex shear modulus exhibited only a marginal overall decline across the temperature
range of 46-82°C, with the rutting factor at 64°C decreasing by a controlled margin of 5%-8%. The low-
temperature stiffness modulus (S-value) showed a slight decrease while the creep rate (m-value) increased
marginally, and the viscosity increment at 135°C after short-term aging remained within 14.4%-16.7%.
Comprehensive analysis demonstrates that polyetheramine D230 effectively improves the workability of
PUA while preserving its in-service performance, with 0.5% identified as the recommended optimal dosage.
Keywords: Polyurethane modified asphalt; Polyetheramine; Viscosity reducer; Construction viscosity;
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Table 1 Main physicochemical indicators of polyurethane modifier and polyetheramine D230
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Fig. 1 High-speed shear mixer
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Fig. 2 Sheared polyurethane-modified asphalt
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Fig. 3 Rotational viscometer
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Fig. 5 Bending beam rheometer
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Table 2 Rotational viscosity at different polyetheramine dosages
A 120°C/Pa-s 135°C/Pa-s 150°C/Pa-s 165°C/Pa-s
PU-0 5.82 3.41 1.98 1.14
PU-0.3 4.68 2.84 1.70 1.01
PU-0.5 4.09 2.53 1.56 0.94
PU-0.7 3.95 2.48 1.54 0.93

1 135°CIX — 3 REAR B L RUME IR A5, PU-0 BIBEREEE N 3.41Pass; I 0.3%- 0.5%F1
0.7% Mk G, ZhEE4r BIFEZE 2.84. 2.53 il 2.48Pas, PEIRIKIIN 16.7%. 25.8%F1 27.3%. M4
BEE 0 WINE 0.5%0, BESIRENESE; H838E 0.7%)/5, BEMNNME N, RUARCE
WAL AR T 6
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Fig. 7 Viscosity-temperature relationship of polyurethane-modified asphalt at different polyetheramine dosages
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Table 3 Estimated temperatures corresponding to equal viscosity for different samples

it 3.0Pa-s/°C 2.0Pa's/°C 3.0Pa-s [#1F/°C 2.0Pa-s [#1f/°C
PU-0 138.5 149.7 0.0 0.0
PU-0.3 133.4 145.2 5.1 4.5
PU-0.5 129.7 142.3 8.8 7.4
PU-0.7 128.9 141.8 9.6 7.9
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Fig. 8 Complex shear modulus-temperature relationship of polyurethane-modified asphalt at 9.9rad/s
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Table 4 Complex shear modulus results at different temperatures at 9.9rad/s

g/ °C PU-0 PU-0.3 PU-0.5 PU-0.7
46 26.90 25.90 25.15 24.80
52 15.00 14.42 13.98 13.75
58 10.20 9.84 9.49 9.28
64 7.30 7.05 6.82 6.70
70 4.30 4.17 4.02 3.95
76 3.50 3.38 3.26 3.19
82 3.00 2.90 2.79 2.75
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RBIE G, 64°CHERR T/ HIFEE 7.53. 7.31 F1 7.18kPa, 70°CH} N [%Z 4.08, 3.95 Fl 3.88kPa. it
AF SR i Jc A 8 3 5035 it LR 3 M PR RIS, 56 DR il IX (1B ZE R 20 A3 SR N IE I 55, o 0.5%
B BRI (1 1t e P
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Table 5 Effect of polyetheramine on the rutting factor
alH 64°C LRI T-/kPa 70°C %4l A T/kPa
PU-0 7.82 4.21
PU-0.3 7.53 4.08
PU-0.5 7.31 3.95
PU-0.7 7.18 3.88
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Fig. 9 Effect of polyetheramine on low-temperature creep performance indicators
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Fig. 10 Increase in viscosity at 135°C after short-term aging
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Fig. 11 Comparison of viscosity reduction benefit and high-temperature performance loss
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