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Modfied by Pyrolysis Carbon Black
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Abstract Using the pyrolyzed carbon black (PCB) from waste tires, the performance of 13 mm dense-graded hot
mix asphalt was evaluated. The Marshall mix design was carried out and the measured optimal asphalt content was
5.8%. The impact resonant test was conducted to obtain the elastic modulus and damping ratio of the hot mix asphalt.
The elastic modulus of HMA increased with increasing amount of PCB. On the other hand, there was no significant
change in the damping ratio. The Marshall mix design, indirect tensile test, permanent deformation test, and program
analysis were carried out. The strength ratio of the PCB modified asphalt mixtures was within 10%. More 10% of
PCB was not good for the permanent deformation of hot mix asphalt. From the pavement design program, the use
of 5% PCB in hot mix asphalt showed a decrease in the top-down crack, bottom-up crack, and permanent
deformation. Judging from the limited test and analysis, the use of 5% PCB is good for enhancing the pavement
performance.

Keywords : Pyrolozed Carbon Black, Permanent Deformation, Top-Down Crack, Pavement Design

fr

1. M2 Agstes AHEE EAS A ek AAFEEE
&AM WA Sl FEfO]o}7E HA ] oF 55% T
% #HEpoloi= 2012 ¢l 165,0007) AEolw, F WAz ok 30%7} £ 2

o 04305,877%01 DA AOR Husa Yo [1]. F wag slekolojrl st Q1]
AshE dEfolof= T2 ARS-E9l AFake] Elojo] wA|A] AR} A 9 TS 20043 Elolo] x|EHg o] -
oF 80%7} WAslaL, YR T]iw °F 20%7F AT 2L 19358007 WA ju] 71.4%0] 31, AA| AL
t}. olofge] WAlEE HEPelol = 2l AEFASE 4T = ok 842%E Aoux] o7 o]&dlm )

F

o,
o]

s

*Corresponding Author : Kwan-Ho Lee(Kongju National University)
Tel: +82-10-9932-4798 email: kholee@kongju.ac.kr

Received January 8, 2016 Revised March 2, 2016
Accepted March 3, 2016 Published March 31, 2016

732



e 7HEEE ARGl w2

HYE ofABE THE 4E H7H

detolofe] doA] o] g2
g5 ek Hetelole] HEF
FAAE 3 717 BALS e d W 7P A

o] glE o RiHIl 9t} [2][3][4].

o}nBE Hlelte] @S FAFEY o83

& OFATE AR thH] 0%, 5%,

ES
ek Aol AZE ARG AZetyc) o] 2 o

N

=
hal
°

S

2.1 OAEE HIRIH 7[2Ed

B o JolE AP-3 ofAZE nlOIHE 7|How I
g FHEEY T3S 0%, 5%, 10%, 15% 2 20%2 T
€ JHdetAZE uRRIg & o] &agith s FHEE
o] F28 A¥L Fixed Carbon 62.1%, Ash 23.1%,
Volatiles(VM) 11.3% o]tk Gia] 7HEEH9] v|5
€ 1.000 g/lem’, HIEW AL 35249 m/g, i A4S
0.43 im= =AE A [1][4]. 2ol ALg8 742 of~
ZE wpely o] 7| EEAL Table 10] Yt Az} 2t

733

Table 1. Properties

of AP-3 Binder

T
Test Moch(liDe Units Specification Test Results
Penetration \/10m over 80 97 to 99
257) -less 100
Softening Point T 42-50 43 to 44
]?fgsét)y /el over 1.000 1.032
Flash Point glert over 260 350
©
22 EMel 712 24
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Table 2. Gradation of Aggregate

. - 13mm Dense Graded HMA
Size of Sieve - - -

Specification  |Target Gradation

19mm 100 100

13mm 90-100 95

10mm 76-90 76

% . 4.75mm 44-74 55

° Passing [ 36mm 28-58 35

weight

0.6mm 11-32 15

0.3mm 5-21 12

0.15mm 3-15 8

0.075mm 2-10 4
13mm X358 UYPE o}ATE EFE| AMEE &
As] 7B KS EEAGHE o) $egm, 484
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Table 3. Properties of Aggregate

Test Result
Test Spec. .

Fine Coarse
Apparent SG 2.657 2.683
Bulk SG > 245 2.555 2.649
Effective SG 2.594 2.661
Absorption (%) < 3.0 1.50 0.48
Abbrevition (%) < 30 n/a 272

SG : Specific Gravity
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Table 4. Properties of HMA AE HolF 3 9t} PCB AFg-&of| we} -4 47
T 7l Agl= ATES )71 Z2=x] ] W So] 7l
Type of Tests Results - DJ_O}-L o= L}E}IHML’ T ‘j = T,] o=
o I8 O HNE= Ao
AC Binder 0AC .(/o) 5.80 Dl NAEE AoZ e
Density 1.032
Bulk SG 2.370
Maximum 2,460 Table 7. Indirect Tensile Strength (MPa)
Hot Mix Asphalt Theoratical SG )
. 0,
Effective AC 424 PCB % 0% 59, 10% 15%
Content (%) Test
) Air Voids (%) 471 5°C at air 3972 | 3345 | 3217 | 3005
\l’)"'m;_mc VMA (%) 14.46 25°C at air 7.69 7.40 731 7.17
roperties VFA (%) 7227 25°C at water 670 | 678 | 658 | 650
OAC : Optimum Asphalt Content strength ratio 13.0 8.0 10.0 9.0
VMA : Void in Mineral Aggregate
VFA : Void Filled Asphalt - =
3.2 AMHH A
Table St olABE TRES ABEOIT w7 MBS ol2BE PUE G AEY
o] A} SHYEKN) 2 EZFHmm)S A3 o (shear deformation)ell o34 F=2 AT A5US
WEASAHe] AFHe Az PRI ET 35
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Table 5. Marshall Stability and Flow Askse] A= 1AM = 2719 e] 2 9%, 2
@Al(Secondary) WE TIHAE gEtel] ot W
PEB% 1w 5% 10% 15% 5 5
Test ° ° ° ° o], 3 A|(Tertiary) T-7H-El= Hehol] oJgh §igo] 7|
Ma"'(ksgtgblmy 1008 | 1118 | 796 | 7.72 Wz o g g 39 FRie] AlAEE A
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Table 6. Elastic Modulus
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and Damping Ratio

0,
PCB % 0% ) % o
Test
Density
(ton/m3) 2.029 2.035 2.016 2014
Elastic Modulus
(MPa) 9454 8357 7492 7042
Dmnpzl;g) Ratio 643 612 <05 o
()
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Fig. 1. Testing Machine
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3 FIEEA L 0] L3t 13mm L=E o) ATE IR Table 8. Permanent Deformation(mm) for Each Stages
W4 O] Z_] E}E]—L‘—; AR :‘L—]—I‘:—-}‘%E}‘ Stage Stage 1 Stage 2 Stage 3
cycle cycle cycle
PCB mm (sec) mm (sec) mm (sec)
6 | ——PCB 0% 0% 0.94 0 1.21 800 3.09 8400
g | —oPeBS% 5% 0.55 0 0.81 | 1600 | 2.62 | 13000
~4+-PCB 10%
T -mpcsis% {‘;’ 10% 0.87 0 112 | 800 | 2.16 | 5180
k3 15% 0.81 0 1.08 1000 2.22 5200
k5
£
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Table 9. Distress Results

Performance Items Spec. |PCB 0% |PCB 5%

Terminal IRI (in/mile) 172 82 32

AC Surface Down Cracking (Long.
Cracking) (ft/500):
AC Bottom Up Cracking
(Alligator Cracking) (%):
AC Thermal Fracture
(Transverse Cracking) (ft/mi):

1000 524 126

25 1 0.9

1000 1 1

Permanent Deformation
(AC Only) (in):
Permanent Deformation
(Total Pavement) (in):

0.5
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