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Permanent Deformation Properties of Asphalt Binder
Modified by Pyrolysis Carbon Black of Waste Tires
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Abstract Recycling method for pyrolyzed carbon black from pyrolysis process of waste tires is needed. Carbon
black from pyrolysis of waste tires was used to modify and improve the permanent deformation properties of
asphalt binder. 0%, 5%, 10%, 15% and 20% of pyrolyzed carbon black was mixed. Couple of laboratory tests,
such as softening point, flash point test, rotational viscometer test and dynamic shear rheometer test, were
carried out. The use of pyrolyzed carbon black incresed the softening point, rotational viscosity at 1350C, and
resistance of permanent deformation.
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[Table 1] Results of Softening Point

Result Average
esults Temperatu Standard Specific
AC PCBZ re Deviation ation
©
0% 433 0.50 OK
5% 44.8 0.96 OK
AP-3 10% 43.3 0.50 OK
15% 43.3 0.50 OK
20% 44.0 0.00 OK
0% 44.0 0.00 OK
5% 443 0.50 OK
AP-5 10% 44.0 0.00 OK
15% 453 0.96 OK
20% 47.3 0.50 OK
2.2 23PH AI™
OFATE HIQIE| o] 1A QB WA SRS 2
H517] 95k AR KS M 2592 7|58 Hg3ke] A%

AT, Fig. 13 2 ATRUE olE5HAT. A
7122 93} WA H A %7} 260 o]Ato]ojof Bt

i} ni mlo
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[Fig. 1] Flash Point Test
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[Fig. 2] Rotational Viscometer Test
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[Fig. 3] Results of Rotational Viscometer
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EFA] Al YolATE dl oy | -FlolATE So7 =
fe] ]‘l’—_‘ ]' = = ]~§1' ]' = ] Temp. 52°C 58°C 64°C
7VetAar, f17he fHadte AES VER A Tt o 1o o o v
O}AZE HIQIE|o| A PCBO| AME-wFo] S7gol whet PCB(%) (kPa) | (deg.) | (kPa) | (deg.) | (kPa) | (deg)
TR Al 271819 T, 9AkzRe] WEks A o] SAlst 0 | 622 [8525] 269 | 8674 | 1.20 | 87.96
Lo o 5 | 7.08 [ 8557 ] 2.96 | 87.03] 130 | 8825
ahe e, Original | 10 | 7.30 | 85.63 | 3.18 | 87.09 | 1.46 | 8833
15| 850 | 8591 | 3.66 | 87.29 | 1.63 | 88.46
Applied Stress o Bl e 20 | 9.04 | 8628 | 385 |87.62| 1.78 | 83.68
<> B 0 [1329]81.99 | 540 | 8430 231 | 86.05
Oscillating 5 | 1525 82.17 | 625 | 8443 | 2.66 | 86.25
Pete Fired Plate . RTFO | 10 | 15.71 | 8168 | 6.51 | 84.11 | 2.88 | 86.03
Asphalt__ A - 15 | 2041 | 82.47 | 842 | 84.66 | 365 | 86.40
Pl i~ A Time
tB . C'j 20 [ 2044 [ 83.63 | 832 [ 8554 ] 3.65 | 87.07
. c
‘ 1 cydle ‘ HotATE Hl G| lSlofATE S 0]-8-51¢] DSR A
I
g Y Al 525, 58 9 64 F o] &
[Fig. 4] Oscillation and Applied Load 319t DSRA|E oA Attetd A4S 1 9A1zMe AAsH
= Stk o]F olgste] AARY AL Hrlshe
Viscoelastic: 0 <8< 90° G'/sind ZFS AAT 4= Q). YoATEE o] g3k 7
T 9 G'fsing 9] #7172 1.00 kPa oAFE]ojoF 4
Applied ol gk Apdol et @73} opATE S o8-8
Shear | . e Glsing O H271EL 220 kPa o] ArElojof T}
Stress
G* = Trmax Table 40f UElt A1} Zro] Original Binder®] PCB
Vmax FHgo] F71eE Gsing 9] g ol FvIske A
Voss [ at=time lag = & & Holom, Wi Al gho] 7]Egkel 1.00kPaolA-S &
Resulting 31}:8]—93\1:}-
Shear Tme Table 59] ©h7] w=3}A]7] RTFO Binder®] A-2% PCB
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[Fig. 5] Complex Modulus and Phase Angle

[Table 2] Original and RTFO AP-3

2|9k, AP-30]4] PCBEE 0%, 5%, 15%2] $=X]7} 64C
oA 7]2gkR1 2.20 kPaoltS FuekA] Tk At
LFEb T AP-59] 79 PCB ARg-oll AIglo] 7 2
27184 Astks 235 vehfdch

Temp)  55°c 58°C 64°C
G* 6 G* 6 G* 6 Table 4] G'/sind of Original Asphalt Binder
bCB(%) | (Pa) | (deg) | (Pa) | (deg) | (Pa) | (degy | LTEPIS 41 G ginal Asp
0| 509 |8536| 220 | 86.53 | 1.01 | 87.35 Temp.
52C 58C 64C
5.64 | 8598 | 2.40 | 87.39 | 1.09 | 88.52 AC “NPCB%
Original | 10 | 6.41 | 86.18 | 2.74 | 87.54 | 1.24 | 88.65 0% 5.111 2.203 1.007
15| 7.45 | 8627 | 320 | 87.62 | 1.44 | 88.71 % 5.653 2.406 1.093
AP-3 10% 6.422 2.741 1.244
20 | 8.21 |84.69 | 3.50 | 87.70 | 1.60 | 88.59 5% 7469 3.108 1436
0 | 1138 | 82.31 | 4.74 | 84.59 | 2.61 | 86.40 20% 3221 3.500 1.602
11.28 | 82.81 | 4.86 | 84.91 | 2.19 | 86.61 0% 6.259 2.692 1.203
RTFO | 10 | 12.76 | 83.14 | 538 | 85.18 | 2.39 | 86.79 5% 7.101 2.960 1.539
15| 11.03 | 83.51 | 4.60 | 85.53 | 2.08 | 87.12 AP> 10% 7324 2184 1461
: : : : . : 15% 8.526 3.662 1.633
20 | 16.00 | 83.90 | 6.80 | 85.80 | 3.00 | 87.30 20% 9.059 3.857 1.785
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[Table 5] G'/sind of Short-Term-Aged Asphalt Binder

Temp. . . B

52T 58T 64T
AC B%
0% 11.480 4.757 2.071
5% 11.370 4.882 2.194
AP-3 10% 12.850 5.403 2.390
15% 11.100 4.609 2.079
20% 16.09 6.797 3.026
0% 13.420 5.431 2.310
5% 15.390 6.275 2.610
AP-5 10% 15.870 6.544 2.891
15% 20.23 8.379 3.660
20% 20.57 8.348 3.653
3. 848
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