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Evaluation of Pyrolysis Carbon Black Modified Asphalt Binder for
Fatigue and Low Temperature Crack

Dong-Hang Lee" and Kwan-Ho Lee'
1Dept. of Civil Engineering, Kongju National University
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Abstract Carbon black from pyrolysis of waste tires was used to modify and improve the fatigue properties
and low temperature cracking of asphalt binder. 0%, 5%, 10%, 15% and 20% of pyrolyzed carbon black was
mixed. Couple of laboratory tests, such as dynamic shear rheometer test and bending beam rheometer test, were
carried out. The use of pyrolyzed carbon black decreased the fatigue at room temperature and improved the
resistance of low temperature cracking up to -120C, but, was off the criteria at -180C.
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[Fig. 1] Plant of Waste Tire Pyrolysis
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[Fig. 3] Complex Modulus and Phase Angle
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[Table 1] Original and RTFO AP-3 G* & &

Temp,| 52°C 58°C 64°C
Aging

PCB(%) G'(kPa)| 8() |G'(kPa)| 8(C) |G'(kPa)| 8()

0 509 | 8536 | 220 | 86.53 | 1.01 | 87.35

5 564 | 8598 | 240 | 8739 | 1.09 | 8852

Original | 10 | 6.41 | 86.18 | 2.74 | 87.54 | 124 | 88.65

15 | 745 | 8627 | 320 | 87.62 | 144 | 88.71

20 | 821 | 84.69 | 350 | 87.70 | 1.60 | 88.59

0 1138 | 8231 | 474 | 84.59 | 2.61 | 86.40

5 1128 | 82.81 | 4.86 | 8491 | 2.19 | 86.61

RTFO 10 | 12.76 | 83.14 | 5.38 | 85.18 | 2.39 | 86.79

15 | 11.03 | 83.51 | 4.60 | 8553 | 2.08 | 87.12

20 | 16.00 | 8390 | 6.80 | 85.80 | 3.00 | 87.30

[Table 2] Original and RTFO AP-5 G* & &

Temp,| 52°C 58°C 64°C

Aging

PCB(%) G'(kPa)| 8() |G'(kPa)| &) |G (kPa)| &)

0 | 622 | 8525 2.69 |86.74 | 1.20 | 87.96

5 | 7.08 | 8557 | 2.96 |87.03| 1.30 | 88.25

Original| 10 | 7.30 | 85.63 | 3.18 | 87.09 | 1.46 | 88.33

15 | 8.50 | 8591 | 3.66 |87.29 | 1.63 | 88.46

20 | 9.04 |86.28 | 3.85 |[87.62| 1.78 | 88.68

0 | 1329|8199 | 540 |84.30 | 2.31 | 86.05

5 | 1525|8217 | 6.25 | 8443 | 2.66 | 86.25

RTFO | 10 | 15.71 | 81.68 | 6.51 |84.11 | 2.88 | 86.03

15 |20.41|82.47 | 8.42 | 84.66 | 3.65 | 86.40

20 [20.44 | 83.63 | 8.32 |85.54 | 3.65 | 87.07

[Table 3] Long-Term Aged Asphalt Binder of G & &

Temp. 28°C 25°C 22°C

Aging

PCB(%) G'(kPa)| &) |G'kPa)| 8() |G'(kPa)| &()

0 813 56.7 | 1310 | 53.5 1861 | 49.3

5 1141 | 57.1 1856 | 539 | 3031 | 504

Original | 10 | 1593 | 59.7 | 2813 | 558 | 4300 | 52.8

15 | 2347 | 58.6 | 3885 | 552 | 6294 | 51.7

20 | 1503 | 622 | 2582 | 58.7 | 4289 | 55.1

0 1597 | 539 | 2582 | 504 | 4125 | 46.7

5 1384 | 54.0 | 2228 | 50.6 | 3557 | 47.1

PAV 10 | 2427 | 54.7 | 3891 | 51.3 | 6307 | 485

15 | 1949 | 558 | 3182 | 523 | 5086 | 48.6

20 | 2051 | 615 | 3483 | 579 | 5872 | 539
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[Table 4] Fatige Cracking Properties of Long-Term Aged
Asphalt Binder

Temp.

28T 25T 22C
AC \PCB%
0% 444 680 1052
5% 601 958.1 1499
AP3 10% 841 1376 2326
15% 1230 2750 3189
20% 797.1 1329 2206
0% 821 1290 1989
5% 708.1 1119 1722
AP5 10% 1256 1981 3037
15% 1012 1612 2515
20% 1087 1802 2949
3.3 XMAHEKRS7|AI&(BBR)

HARE WIS AL B Flskel A
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Alsieich, BEAFTFES KS F 23902 ﬂ—go}Mn}.

Fig. 45 ARE57] Ado] AHgEh Aol Be
Aotk AdAolAl A&RE A HE o]8-5}o] Fig. 59
2o ABPE olgstel ABE STt

aluminum mold
Rubber O-rings /.

72.7 mm

plastic strips

127 mm
asphalt beam "
6.35 mm

[Fig. 4] Test Specimen of BBR
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P = applied constant load, 980 mN
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[Table 5] Test Results of BBR

Temp. -6°C -12°C -18°C
A ging Stiff- Stiff- Stiff-
PCB( % ) ness m ness m ness m
(MPa) (MPa) (MPa)

0 | 84.37 | 0.380 | 158.29 | 0.383 |332.19| 0.312
5 | 9514 | 0.388 | 153.75| 0.338 | 317.69 | 0.306
Originall 10 | 73.59 | 0.487 |234.20 | 0.363 | 505.57 | 0.291
15 | 72.75 | 0.481 |228.66 | 0.337 | 565.32 | 0.279
20 [ 151.73 | 0.343 | 338.74 | 0.290 | 504.78 | 0.297
0 | 84.27 | 0.387 | 160.48 | 0.350 |332.49| 0.302
5 | 9558 | 0421 |177.21| 0.357 | 340.51 | 0.299
RTFO | 10 | 124.01 | 0.365 |201.21 | 0.349 | 419.03 | 0.284
15 | 135.56 | 0.364 |255.81| 0.304 |417.58 | 0.289
20 |181.67 | 0.398 |319.61 | 0.257 | 500.09 | 0.263
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