XM RBERCK
:.12:—-%74”' 1992% 12H
Z{boll 23t OIAHE A|HE HNWMELS| HP-GPC A

HP-GPC Analysis for Characteristics Change
of Asphalt Cement Due to Aging

UYL~ A - HE
Kim, Kwang Woo + Yeon, Kyu Seok - Choi, Joong Dae

........................................................................................................................

Abstract

This study was conducted to evaluate physical property change of asphalt cement chromatograms
(by HP-GPC) were experimentally obtained from 3 types of AC-20 virgin ACs, 5 and 24-hour artifi-
cially aged ACs, and naturally aged 4 ACs that were recovered from 4 different roads. Absolute
viscosity, kinematic viscosity and penetration were the physical properties tested. THF was used
for mobil phase and RI detector was used as a detector for HP-GPC testing, Correlation between
each physical property change and the chromatogram variation was evaluated. Each chromatogram
was divided into ten-equal-time slices. The percentage areas of 10 slices and each physical property
were used for statistical correlation evaluation. Statistical analysis results showed that each physical
property had a strong correlation with the chromatogram characteristics. Aging was identified as
a mechanism of change of molecular size distribution—increasing large size molecules and reducing
coresponding samll size molecules.
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¥ 1. Results of Physical Property Tests for 3 AC-20 Grade Asphalt Cements after 0, 5 and 24 Hours
of Anrtificial Aging Conditioning in A Revolving Self Heating Oven at 165°C

Physical Properties
Asphalt Aging Abs. Viscosity Kin. Viscosity Penetration
Cond. (poise) (centistoke) (0.01 mm)
Mean Std. Mean Std. Mean Std.
0-Hour 1067.0 48.1 4155 0.7 84.4 1.7
A 5-Hour 4464.7 152.1 691.5 16.3 57.2 1.0
1-Day 70097.5 569.2 2159.5 0.7 24.7 21
0-Hour 2301.3 309 416.0 42 60.3 0.3
B 5-Hour 4826.0 84.9 558.5 9.2 36.7 0.8
1-Day 37700.5 1398.0 1644.0 10.6 20.5 0.9
0-Hour 2296.7 78.0 434.0 14 81.7 1.6
C 5-Hour 5861.0 195.1 648.5 7.3 49.3 0.6
1-Day 120849.0 19.8 2025.5 714 24.3 25
B 2. Results of physical property tests for 4 recovered asphalt cements
Physical Properties
Asphalt Aging in Abs. Viscosity Kin. Viscosity Penetration
Source | the Roads (poise) (centistoke) (0.01 mm)
Mean Std. Mean Std. Mean Std.
R1 6 Years 27928.2 4155.0 2193.0 106.4 18.6 09
R2 5 Years 21809.0 174175 1441.8 657.8 385 7.2
R3 4 Years 16428.0 62295 1484.5 154.9 35.5 3.8
R4 5 Years 273317 9605.3 1995.3 832.2 339 48

B 3. Results of Duncan’s Multipie Range Test for Three Physical Properties Using GLM Procedure

of SAS
Asphalt Condition

Property Means
0-Hr 5-Hr Recovered 1-Day
Abs. Viscosity 1879 — NS — 5018 -— NS§ — 23394 — § -—— 76216

(centistoke) S

Kin. Viscosity(poise) 422 — § - 633 — S -— 1779 — - § - 1943
Penetration(0.01 mm) 751 S — 471 —— 5 316 = N§ — 227

NS: Not Significantly different at o=0.05 level,
S: Significantly different at a=0.05 level.

3. #R U EX

3.1 8 4K
3EF Y olAREAAEE x3PAE fijtkol EH
& zhzhel Beld Az HApH EE¥Ese ®

_52_

17 ol 2 2e]3 JAdz ksl o0& ¥l
B Hx(Abs. Viscosity)$} FH%E (Kin. Viscosity)
= x3bgo wel o el §3% F71E Btk
w3 A9 (Penetration)s 4% HAE Hych
AN otAaBE 3t Beld A H¥ATYE H 2

PR R X 4 e



100 21
Oavs [kve = pen 19.4
17.8 Af
7 e
sol 7585 76.4/;
‘ ’ 418
. /
L. Y s -
g oo i e s
g 40+ i : 19 z
< 6.3 h Y
. 23.4 (2471 18
20} - ™ .J
1. 5 o !
0 0
O-HR 5-HR RECV. 24-HR

Aging Condtion

28] 3. Changing Patterns of 3 Physical Properties
under 4 Aging Conditionds.

s} gk {7 JFe gi# 1Fx3HE ofi¥
E9} A4 ol~BESY HEE 1§ 394 HdA
F3 gtk gutdog AYolaPES EH A4
AL 5AILT UM AFxAZ] ot ABEANR
Alel2) g8 Btk E 32 ZF AHEd oM A
OFARES] 3RS AFxB} oABETY BAR
%438 Duncan®] Multiple Range TestE o]
3l HojFn Qlty. BHEE 7 ol2¥E Y
Lol BEF F2E BHAo KEe stAEE ot
24 eyt

3.2 Chromatogram A|#

29 164 BEo] Her|2RE A8/ 3EH7]
A&k oF 1584 A9 Elution A& A A2 Sol-
vent Flush’} A& He oF 304 79 Elution FE
)7 A9 Chromatograme] ¥4-& F4H At
W2 10553 zt 7he] 93E AWA TIRE
1098 Toolgh @43t

o] Alg & TFTWIA 3 o}2BE(B)E 3714
r3delE Azl F 243 Chromatogram ¥H4-&
Y 4o)x hEAQ] 2 BoFT gk 1A
BEo] B o}ABE(-Hr9} 5A1% x=3A17 of
2BE(B-Hr 2 ¥iole nig Afolwhg Bgovt
243 3ol ko] @A 3 A Jehbd
A Aoz fREo] AtAo g FolEo k3
of Wi} R & o7t HHE Btk A T+
718 wlolel FAgke AAHA] HE ¥]-& (%))

mi24k e 1992 12 7

Detector Response

" 18 18 20 22 24 a8 28 30 32
Elution Time (min.)

A% 4. Chromatogram of Asphait B under 3 Aging
Conditioning.

Detector Response

14 16 18 20 22 24 26 28 30 32
Elution Time (min.)

13| 5. Chromatograms of Recovered ACs from L1
of 4 Roads.

[ Aging Cond.

( Co-um 1

20| [ls-mR

" Onaecov.
B 1-DAY

T8 17 T8 T8 To
Slice

T3l 6. Area (%) of Chromatogram for 4 Aging
Conditions.

_..53...



BHe & 494 BAFa Qlo}. 738 AHH| &9
z}o]E SAS9] ANOVA Procedure® o|&3ld &
AXer AEF FAE F 594 EoFa Qloh
o] FojA EHFo] el W EREQ T9# ToE
Aejapare & o] gtz et FAAHSR
& FoaE B

Aol BE distedx T WHOZ Chro-
matograme| S E At WA 47lz2e] L1Fo2
BE dojd olaBE g Chromatogram$ 1
g 5olA o2 MoFu vk 2 28 Held
FAske] AAHA dF HER)E JExs
ACE Mg 7§ 19 6ol4 RogFa it o]
gl Biel ] Fol hshE of2TE(Recove-
red, 1-Day)d5& A2 TI~T42] HA |7}
&2 o2 veyi, FHEAQ Te, T79] HAY=
9 w318 AE(0-HR, 5-HR)oIA o 224 Jepsdrd

3.3 RN

ol~HEANNESL B2l A Chromatogram
o] BgAAN|e] ABBAE X371 Hete] F
AEHE AP, Azt By 4E4E £
Wee agn 2k Bgadn (TI~TOE Sy
2 o 3dg& YA SASYY Stepwise Proce-
dure g o83l BILEME 5 Hr(Multiple Linear
Regression Analysis)& 33tk Ha d3AS
(Maximum R? Optiong o] &3} StepwiseE <
B dat A A Ad BF7) BEHE TIRE
To7b=] 978 Wof odte] M Ee ABVAE
BHuk ol 7] A AR ER 0 RSk Folth
T3 olue] AAAS e BT 09 olYer ¥F
data7} AMS-€ o 4bA7L OHE 3F RS ofaY
EE AMSEE-E 1 o vie & ol ¥
4 & Aotk IF HES BHIEE 2t gkl A
A HI @teg IAARMY Aol v L
AENE HdFe Aoz vehdth zb A o
AR AN theR gh

LAVS=103T1-0.12T2-0.78T3+2.27T4— 1.98T5
+0.51T6—0.09T7— 0.26 T8~ 0.16T9+ 16.47(1)

LKVS= —023T1+0.36T2—-0.57T3+0.79T4—0.51T5
—0.27T6+0.24T7—-0.35T8 - 0.06 T9+ 15.0 (2)

100 S
? ¥ -
0 -

g -,
< f .
z 10; ______
‘B
Q
Q
2 .
S
]
2
< qf
9
e
a.
* R2=0.907
0.1
0.1 1 10 100

Abs. Viscoslty (k poise)

3@l 7. Relation of Absoluet Viscosity and Predic-

ted Value.
100
0
A
z ol
] LYL A
0 .
8
s 10
£
X
o
@
1™
a
* R?= 0.925
1
1 10 100

Kin. Viscosity (cs)

2@ 8. Relation of Kinematic Viscosity and Predic-
ted Value.

EN =X 4 fopE



100

60|

40t [ L)

Predicted Value (0.0tmm)

201 ',

2
*R = 0.935

T TR DA B
0 et 1 T | E—

PEN=—14.77T1+ 1.54T2+ 33.07T3—68.67T14
+59.52T5—16.60T6 - 1.54T7+17.79T8
—11.09T9—153.13 3)

714,

LAVS=Log(Abs. Viscosity),
LKVS=Log(Kin. Viscosity)
PEN = Penetration

ojth

¥ 7~9¢ 4 4A AAF dste AR
HoziH A€ @] BAE HAFE Aol
of 2N BEo] FaABAI EHR>09L A
2riEa e S4o] g3 4F 2R wie =2
A #AE 7HEE vElE Roin, daka o] A
7HA E8A 4Ae zviEaYe] EEUA vl

0 20 40 60 80 100 ggq g 29" & U BAFE Holth §

Penetration (0.01 mm)

2@ 9. Relation of Penetration and Predicted Va-
lues.

azrtEaYd FPEY 37k REe] HuiA
Taol We £33 439 WGE of HARNeR
% 239 4 Y ¢ 4 Uk

B 4. Mean and Standard Deviation for Percent Area Under the GPC Curve for Each Slice of 3 AC-

20 Virgin Asphalt Cements

Aging Condition

Slice 0-HR (N=6) 5-HR (N=6) Recovered (N=15) 1-Day (N=6)

Mean Std. Mean Std. Mean Std. Mean Std.
T1 0.64 0.29 0.54 0.06 1.09 0.25 191 087
T2 2.66 0.60 227 031 397 0.66 5.18 0.99
T3 6.21 0.56 5.82 0.26 7.95 0.56 8.23 0.27
T4 9.12 0.31 8.91 024 10,91 0.57 9.63 047
T5 14.25 1.16 13.35 0.72 14.26 0.97 12.32 0.94
Té 20.54 2.80 19.88 227 18.13 148 17.87 2.38
T7 20.98 1.24 2199 121 19.13 1.03 20.25 1.81
T8 14.61 1.86 16.17 2.07 13.92 0.76 14.60 142
T9 7.83 1.78 8.43 1.82 760 0.92 743 1.76
To 315 110 2.62 0.32 3.04 0.53 297 1.22

¥ 5. Results of GLM Procedure to Test Difference in Each Slice Among Virgin Asphalt Sources and

Asphait Conditions

Source T1 T2 T3 T4

T5 T6 T7 T8 T9 T0

Aging
Condition | 0.001** 0.001** 0.001** 0.001**

0.002**  0.024* 0.002** 0020* 0731 0.440

*Significant at a=0.05, and **significant at a=0.01 measured by the Probability Associated with the F-Statistics.
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