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M anufacture of Rejuvenators for Recycling Old
Asphalts and Quality Evaluation of Recycled
Asphalt concrete

Jun-Myung Jang

Department o Civil Engineering, Graduate School,

Pukyong National University

ABSTRACT

A recycling agent has been manufactured based on the analyses of the variation in
the chemical composition of reclaimed asphalt binders and virgin asphalt binders. The
chemical compositions of reclaimed asphalt binders extracted from aged reclaimed
asphalt pavement have been analyzed by using the ASTM method and their
compositions were compared to those of virgin asphalt binder AP-3. Reclaimed asphalt
binders showed that the amount of asphaltenes was increased whereas the amounts of
saturates, naphthene aromatics, and polar aromatics fractions were decreased. A
recycling agent using aromatics, its chemical composition is similar to the aromatics
fraction in asphalt binders, has been produced to reduce the amount of asphaltenes in
reclaimed asphalt binders. The evaluation of the recycling agents A and B produced in
the study was performed in terms of ductility, rolling and ball softening point, and
penetration at 25 . Adding the recycling agent A-20% and B-15% by weight to the
reclaimed asphalt binders, the physical properties of reclaimed asphalt binders can be
recovered to the level of virgin asphalt binder AP-3. Recycled asphalt concrete
specimens were made of reclaimed asphalt concrete, rguvenator, and raw materials.
Proportions of raw materials in the recycled asphalt concrete were 30, 50, 70 ,100% by
the total weight of mixtures. The quality evaluation was performed on the recycled
mixtures by the Marshall test. The Marshall stability of the recycled mixtures was
appeared to be much greater than the strength criterion specified in KS F 2349. In
addition, asphalt content, voids, and flow value also meets the requirements in KS F
2349.

Keywords : Reclamed asphalt pavement, Reclaimed asphalt binder, Rguvenator,
Penetration, Ductility, Rolling and ball softening point, Marshall test, Flow, Asphalt
content.
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3.1
10 2
(AP-3 )
: 85 100 AP-3 : :
( , ), n-Heptane (Duksan, ),
T oluene (Duksan, ), Methanol (Duksan, ) , Whatman
No.2 , Column Alumina (Sigma Chemical Co., Type
F-20, 80 200 mesh)
3.2
3.2.1
ASTM
D 4124 :
. ASTM
(A sphaltenes), (Saturates Fraction), -
(Naphthene Aromatics Fraction) (Polar Aromatics
Fraction) . n-Heptane
n-Heptane



n-Heptane

T olune
3 5¢g
n-Hepatane 80
Evaporator) 50mL
3.1x 100cm
Fraction

3.1

T oluene

30

350 3

1g 100mL
24
(Rotary
F-20 Alumina

5+ ImL/min

3.1
Column Feed Volumes Fractions Recelyed on Tared
Containers
Huant Solvent mL Huate Fraction mL
n-Heptane 200 Saturates 300
Toluene 100
Toluene 300 . .
Naphthenic Aromatics 600
MethanoV Toluene(50/ 50) 300
Trichioroethylene 600 Polar Aromatics 600
Column hold- up
3.2.2
2 kg
, 100 1
, 1L 10
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30% . 70%
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( A! B) ] ] -
3.1
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AP-3 146% A 50.1%,
B 534% AP-3 3
AP-3  10.2% , A 44%,
5.36% 5% . -
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AP-3 15% . AP-3 294%
A 1143%, B 1144% 18%
AP-3
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3.2

(A) (B)
(AP-3) 14% 0
8% 12%
56% 50%
22% 38%
3.3
(Specific Gravity) @4 0.8709 0.9217 1.0189 };iol\zﬂ
. KS M
(Flash Point) COC 254 182 254 2012
40 ¢St 75.06 57.02 878.7 KS M
(Kinematic Viscosity 100 cSt 9.330 6.314 22 86 2014
. . KS M
(Viscosity Index) 100 29 -73 2014
. . KS M
(Poir Point) -15.0 -32.5 +7.5 2016
. . KS M
(Aniline Point) 120.3 77.0 31.0 2053
(Refractive Index) D, 1.4772 1.4918 1.5728 KS M
0005
KS M
0.8012 0.8726 0.9763 2040
KS M
(Refractive Intercept) 1.0434 1.0325 1.0649 2040
Ca 0.0 19.0 42.8
% KS M
(Hydrocarbon Type) Cn 33.1 34.2 411 2040
Cp 66.9 46.8 16.1
3.7
34 A)
50% A)




10% 29.7% , 20% 194% AP-3
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(A) 10% 8.4%, 20%
9.7% . - 33%
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14% (A) 10%
22.6%, 20% 26.3%
34
1 2 3 4
50.1% 29.7% 19.4% 14.6%
4.4% 8.4% 9.7% 10.2%
33.1% 39.5% 43.4% 48.2%
11.4% 22.6% 26.3% 29.4%
1: 2: (10%)+
3: (20%) + 4 : AP-3
(A) 20% AP-3
(B)
, 5%, 15% ,
, , (A)
3.8
(A, B)
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110+ 5°C
(W) 1
1 3,600
200ml 3
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(V)
4.1) (A)
W, + W
0, =
A (%) m x 100
: 35 55%
5 7%
KS F 2502
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X (%) = - x 100 (4.2)
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5.1.1
5
5.1
32 35%
5.1
1 2 3 4 5
(%) 3.28 3.41 3.43 3.40 3.29
5.1.2
4 KS F 2354
19mm , KS F 2349 19mm

5.1 5.2 ,
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21 3 J1{d, mm)
52 70%
( 19mm )
19mm | 13mm|8mm
30 25.5 7.6 126 | 15.6 | 9.7 100
(%)
(mm)
25 100 100 100 100 | 100 | 100 100 100 100
19 95.0 100 100 100 | 100 | 100 96.5 100 95
9.52 | 77.9 86.1 | 75.15 | 100 | 100 | 100 76.4 85 60
4.75 | 60.2 | 19.45 | 22.1 |77.59| 98.4 | 100 57.5 65 45
2.36 | 47.7 1.64 2.75 | 13.2 | 87.8 | 100 43.2 50 35
1.18 | 27.1 0 0 5.3 | 81.5 | 100 38.3 40 25
0.524 | 18.7 0 0 3.91 | 46.2 | 100 21.0 30 18
0.3 10.7 0 0 0 27.8 97 16.2 21 10
0.15 6.8 0 0 0 4.4 88 10.2 16 6
0.075| 4.1 0 0 0 1.2 61 6.2 8 4




53 50%
( 19mm
19mm | 13mm|8mm
50 18.5 8.5 7.5 | 10.8| 4.7 100

(%)
(mm)

25 100 100 100 100 100 100 100 100 100
19 95.0 100 100 100 100 100 96.0 100 95
9.52 77.9 86.1 75.15 100 100 100 75.3 85 60
4.75 60.2 19 .45 22.1 | 77.59| 98.4 100 55.5 65 45
2.36 47.7 1.64 2.75 13.2 | 87.8 100 41.2 50 35
1.18 27.1 0 0 5.3 81.5 100 30.0 40 25
0.524 18.7 0 0 3.91 | 46.2 100 21.0 30 18
0.3 10.7 0 0 0 27.8 97 18.2 21 10
0.15 6.8 0 0 0 4.4 88 11.2 16
0.075 4.1 0 0 0 1.2 61 6.2 8

54 30%

( 19mm
19mm | 13mm|8mm
70 11.0 7.5 5.2 4.0 2.7 100

(%)
(mm)

25 100 100 100 100 100 100 100 100 100
19 95.0 100 100 100 100 100 95.0 100 95
9.52 77.9 86.1 75.15 100 100 100 72.5 85 60
4.75 60.2 19 .45 22.1 | 77.59| 98.4 100 52.5 65 45
2.36 47.7 1.64 2.75 13.2 | 87.8 100 40.2 50 35
1.18 27.1 0 0 5.3 81.5 100 33.0 40 25
0.524 18.7 0 0 3.91 | 46.2 100 22.0 30 18
0.3 10.7 0 0 0 27.8 97 13.2 21 10
0.15 6.8 0 0 0 4.4 88 9.2 16
0.075 4.1 0 0 0 1.2 61 7.2 8
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5.3

KS F 2349
100, 70, 50, 30, 0% (A)
20%
55% KS F 2337
100, 70, 50, 30, 0%
55 57 . 55 57 2.2
7 238 , 3 6%
20 40
37 43
KS F 2349 500k g
, 1000kg
55 58 100, 70, 50, 30, 0%
55 58
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55

AT talem ko)
(%) (2/ 100mm)
5 7 3 6 | 20 40 |500kg

1 2315 49 48 14188
2 2287 6.0 41 12309
3 2309 5.1 44 13683
4 2302 54 45 13635
5 229 57 44 13684
6 2305 53 43 11766
7 2316 48 41 13893
8 o 2314 49 42 1207.1
(100%) |2 : 2284 6.1 36 13694
10 2354 33 48 12034
11 2297 56 49 12340
1 2279 6.4 37 1395.1
13 2318 48 24 13762
14 2279 6.4 49 1382.0
2303 5.3 422 13202

0.019 0.78 6.4 83.8
1 2290 59 34 10983
2 2293 58 39 1159.0
3 2309 5.1 35 1176.0
4 2287 6.0 36 1159.2
5 2306 53 34 11985
6 2301 55 35 1139.1
7 2297 56 38 11767
8 . 2298 56 34 1188.0
(100%) 2 55% 2342 38 58 12372
10 2312 5.0 52 1149.0
11 2298 56 49 12683
1 2297 56 37 11242
13 2302 54 43 12793
14 2321 46 39 10469
2303 5.3 40 1171.0

0.013 05 73 60.46
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5.6

AP
( g/cm?®) % (kg)
(%) (1/ 100mm)
5 7 3 6 | 20 40 |500kg
1 2304 53 40 1409.1
2 2306 53 24 14458
3 2310 5.1 31 14365
4 2370 26 46 1523.2
5 2.297 56 43 1456.9
6 2304 53 40 1299.2
7 . 2309 5.1 41 13275
(70:30) 8 5.5% 2309 5.1 43 12727
9 2312 50 51 1366 4
10 2.286 6.0 43 1108.0
11 2.299 55 41 11110
12 2.297 56 40 1026.0
2.308 5.1 40 1315.1
0.019 0.81 6.6 1519
1 2.320 47 32 13216
2 2306 53 40 12625
3 2304 53 39 13336
4 2301 55 34 11924
5 2306 53 36 11863
6 2.284 6.2 38 1198.0
7 . 2302 54 35 1254 4
(5050) 8 5.5% 2304 53 34 1316.7
9 2305 55 40 1303.2
10 2386 20 42 1369.0
11 2370 26 41 1494.0
12 2340 39 42 1097.0
2.319 4.7 37 12773
0.029 1.2 3.2 99.1
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5.7

AP 3
Coremal o k)
(%) (2/ 100mm)
5 7 3 6 | 20 40 |500kg
1 2312 5.0 43 13059
2 2.309 5.1 41 12279
3 2.306 5.3 40 11546
4 2.297 56 46 1176.0
5 2.306 5.3 43 1106.2
6 2.289 6.0 44 1159.1
7 2.309 5.1 40 1079.6
8 2.307 56 40 1195.2
9 | 55% 2.308 5.2 46 11976
(30:70) | 10 2.298 5.7 52 1198.2
11 2.283 6.2 39 1126.0
12 2.272 6.7 37 1366.1
13 2.29 5.7 55 12425
14 2.299 55 43 1089.0
15 2.289 6.0 49 11446
2.298 55 43 1184 4
0.01 0.45 438 75.9
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ASTM D 4124
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