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Warm mix recycled asphalt-aggregates adhesion based on

surface free energy theory
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Abstract: Based on surface free energy theory, this paper evaluated different dosage old asphalt
and aggregate surface free energy, and analyzed the variation of warm mix asphalt surface free en-
eray and the adhesion properties of warm mix recycled asphalt-aggregate. The results show that:
recycled asphalt surface free energy increases with the increase of dosage of old asphalt; the addi-
tion of temperature change agent changes asphalt polar component and Lewis acid-base interaction
parameter, improves asphalt surface free energy, and enhances the adhesion of asphalt and stone.
Combined with adhesion ratio of the stone work between limestone and granite under the condi-
tion of warm mix and results of water stability test, it’s indicated that the addition of warm mix
agent enhances adhesion properties of asphalt mixture, thereby improves the recycled asphalt
mixture water stability. 7 tabs, 4 figs, 22 refs.
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Tab.1 Composition of AC-20 warm mix recycled asphalt mixture gradation

5 FL./mm 26.500 | 19.000 | 16.000 | 13.200 | 9.500 | 4.750 | 2.360 | 1.180 | 0.600 | 0.300 | 0.150 | 0.075
Zitilig R/ % | 100 97 90 79 56 36 26 20 15 11 8 5
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Tab.2 Composition of AC-20 warm mix recycled asphalt mixture material

£ el 7t B S, [P
RAP /% |k i/ % | IHwsts i/ o | e o e 5 75 /%
SR/ % W/ % Wi 0 L/ Vo
20 19. 29 0.71 76. 86 3. 14 18.4
30 28. 94 1.06 67.21 2.79 27.5
3.85
40 38.57 1.43 57.58 2.42 37.1
50 48.23 1.77 37.92 2.08 46.0
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Tab.3 Surface free energy and its components of liquids(mJ + m~2)
N 7 nd ne nt 7o
ZEIR K 72.8 21.8 51.0 25. 50 25.5
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T 48.0 29.0 19.0 3.00 30. 1
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Tab. 4 Contact angle test results of liquid and asphalt
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FE5) 40(37. 1) 89.78 0.87 83. 80 1.40 77.01 1.26
50(46. 0) 89. 40 0.92 83. 24 1. 30 76.19 1.39
20(18.4) 95.21 0. 36 83.42 0.57 77.26 0. 66
ERI 30(27.5) 94. 51 0.56 83. 31 1.55 77.18 0. 84
T 7 40(37. 1) 96. 60 0.98 83.22 1.75 76.17 0.77
50(46. 0) 94. 20 0.75 83. 54 1.12 75. 88 1.07
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Tab.5 Surface free energy and its components of

warm asphaltm Jem™?
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20(18.4) | 22.76 [ 19.68 | 3.08 | 5.03 | 0.47

Ya 74 Va3 Ya Ya
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i Ea il

40(37. D) 23.58 | 21.25 | 2.32 | 6.30 | 0.21

50(46.0) 24.33 | 22.17 | 2.16 6.24 | 0.19

20(18.4) 21.85 | 18.88 | 2.97 | 2.61 0. 85

*m 30(27.5) 21.61 | 18.91 | 2.71 | 2.01 | 0.91
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Fig. 2 Adhesion work trends without water of
warm mix recycled asphalt-aggregate
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Tab.7 Water stability of AC-20 warm mix recycled asphalt mixture
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