$15% H 1M X il B W LR F R Vol.15 No. 1
2015 % 2 A Journal of Traffic and Transportation Engineering Feb. 2015

XEHE:1671-1637(2015)01-0018-07

RIK EKI P H B9 =R B B RS

5 LR R B ES R EARES
(1. KZK¥ fF#%ﬂﬂRL\{éﬁI&%z B H S E P V& 7100645 2. A BRI B TR 9T B
FHIRAT LT 1000885 3. B WH T RKY +ASHETHR.IEHET BE 24061

i %-%T‘fﬂfﬁﬁﬁkéﬁ% BOWE A RAT e AE AR, RN BB E MR T 3ARAERRG
HARWHFERAEEAONERA A TRAODENZER . ARTERLEMHTHFAD H HAERES
2%\’@%& FHMNEGT R HETARAARIRABERARAD FRABRBFO AT A B, 246K
FERBLER SN THHELEOHADAMREDE EHERBFROX R, RBLERAY. 707
ABEARBEHERBABRAY 10.60m] em >, SUBZRAMHTEAEN H AT A W43 3
18.60mJ] e m * , RAMFWNBWAEIRZTRADFRARBFNERTD A G RAERAF EF

B LA AT A WA fo I F-EH R AL A A AT 048 F ﬂk/ﬁai/\ﬁ;—m fﬁ#
5 AP MR AG B AL . &mém;ﬁ/\é&mkéé% BRI AR AT 6kt o 5%

BRRS AT BOERERARSTRADFREDFH AT E Bk,
KER BRI, RAGHFREGF ;R @ B ;B H-EHERE EA
hE 4SS U414, 75 NEERERD A

Surface free energy analysis of asphalt modified with natural asphalt
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Abstract: In order to accurately evaluate the adhesion of asphalt modified with natural asphalt and
aggregate, the contact angles of three liquids on the sample surface of asphalt modified with
natural asphalt were measured based on sessile drop method. According to the theory of surface
physical chemistry, the measuring method of polar component and dispersion component for
asphalt surface {ree energy under the condition of room temperature was determined. The surface
free energies of base asphalt and asphalts modified with different dosages of natural asphalt were
calculated. The relationship between asphalt surface free energy and asphalt-aggregate adhesion
grade was analyzed based on the test result by using water-boiling method. Test result shows
that the surface free energies of 707 grade A base asphalt and asphalt modified with 8% natural
asphalt are 10. 60,18. 60 mJ » m™* respectively, so the surface free energy of asphalt modified
with natural asphalt increases distinctly with the addition of natural asphalt. There is a good

correlation between asphalt-aggregate adhesion and the surface free energy of asphalt calculated
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by contact angle method. The natural asphalt contains higher polar functional groups such as O,

S and N etc. High contents of asphaltene and net structure can absorb the light components of

base asphalt such as saturates, aromatics. The increase of surface free energy for asphalt modified

with natural asphalt is attributed to the polar functional groups and the absorbing functions.

4 tabs, 4 figs, 23 refs.
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Tab.1 Technical properties of asphalts
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25 C# ABE/0.1 mm | 65.5 54,8 | 45.4 | 36.8 |32.5

15 C 4 JiF

(5 cm * min~ ') /em

>150.0 [>100.0| 85.7 | 31.6 | 14.0

B/ C 58.5 62.5 | 67.2 | 74.2 | 79.1
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Tab.2 Asphalt-aggregate adhesion grades

—0.88 | —0.02 | 0.32 | 0.79 |0.81

KRWTH GBR/ Y0 st i 7
AL R 35 W

2 4 6 3
Vay &= 5 5 5 5 5
W G o 4 4 4 5 5
FASE 3 3 4 5 5

HI 2 AL 5 o NS [ 48 R R AR U0 7
PEWITE 5 40 e B IDRS B PRl 3R 5 5 g, K
AR IR I R A A SRR R T 75 R A B
RV 5 B TR T 9 M ke WO R BN AR A5 S 4 90, B o
Wit 5 AL B B BPESE0h 3 96 6B i AP T
BIERVINCESIRRUE 3 SNIUR ] IR SR T ISR
R BRI 40 2R S e T R AR H AR A TR
v PERE -V 0 B8 0 R A TR P RE % ok R
SR TR W07 49 A0 KA R Sk R AR B A 4R
PORG BT PEBE . N TR LR A T RSN HE
S TR IR AT K A0 R BE 0 A B K 4 E B R
1 S

2 BEEGAEREAEBAESHT

T 00 AR B R kR SR T Bl RE A IR
AR F T I G A0 L T B A A W] 5 40 0 AR 3= 1
sk 77 I H R B i GE S B 15 20 5wk il A T
A A AE A5 B T . [ AR 5 ) 3R T o R e
5ER R R ) A 2 RN 4 i e (] AR 3% T 4 1 A X
A B 38 /N F AR W o, a3 % i A RE Y I g TR
AT S B R ) 0T 22 TET ) E BB Y TR1 42 00 R A f
Ak L, 8 Wilhelmy i 7. B4
B Th i R A L N AR ) % T sl A, —
PN R A A 2R T 5K ) BT 5K 7 DL e A B fg s (H 2
VAT ELHEIN A2 1 R 58 5 i HUOREIE ) e 0 Oy vk
. WA U R RO HE R — A
FH O 2l o 1 5 R SR 1A E) ER A8 I [ 42 vk 0
P A BB, BN T AR BT T R
LR, 28 38 G b BRAS 21) [ 9 7 1 A 2 fih £
HRYE 1T A bl RE PS4 [ 1A 2 18 19 9 1k 3] °F R
AEF, TR Young J5 R A P 5C & L B

Y. = Y4+ 7,cos(@) @D
Ay, WA RTE B B RE; v, N EAHA R A
A8 5 v R [0V 5 T ) 3R T RE 5 0 S Al A

5 5 F 0O A w5k B BRI R 0
NP R T B B aE v, MERPRm B HEE y, T
Loy 53R R

[rn=r+n

Ly =y 4y
v LS 1 B R N T T = Il A RN &
Wbk o 5 (R - BBPE D s o2 o2 a0 30 ok B R e 1T A e
fE 10 € 0oy B AR M A

fAl 4k bR e LOTHE Y i iy & 1w Bl ge s A5 2
[é] Y S 1A 28 R0 H PR RE

Yo =Vt rn—22/r =Y (3)
44 Young Jy . A LA H]

(2

1+c;s(0)%_ﬁ %_’_W 1)
: SSE ‘é,l+cos(0) Noe
HTTHM&%Jr—j—f%ﬁﬁ
SRR MR R 2B R ELA R KK
49 D7 B0 Sy i 3] A J5 2 T ) fR R A R M 3
JIt &2 B2 G\ Bl AR 1 7 T B A k[ A 3R T B
AE Y (0 0o o B M 23 A5 € o0 o 22 0 B O B
[ A (Y 2 T H RE

Vel
“HA
Y



# 14 5

Ve LR RBERWHFG AT A BN 21

3 EMAIRE

2 A £ A YA X T A IR R R T B — A EE
B b » AT LA Ok 2 70 V1A X [ (A A PR . A
YRR I = B4 58 S A AR R O T 5 T 98 5 T Y DR
PP 2 G 3o YRS PR T R 4 e A PR A S Ay
S 7 AN A O T A i 9 A A A ik A O O
58 AN FE Ml A T 907 I [ AN Bl AT I
T R AR AN T A R ™ I TR R R s . L
RE 51 7 1H1 5K 3 72 Al 1y PR 3R R BE R 1 0 M [ R 1Y
THEREPERE W TR 3 AU R S T B 3 — 1k LB
R T T R AT L 2 TR B2 LA B = A 5 T A i
ZE L I 3 S FREE A  A0 H fik A 7 HE S

7 AR B LB I O S AR T 60 C I Akt
RS B T AR T A9 XE L TRk
17 F i AE Y EL DN T 32 A G A 4 [T AR 1 3R 1 A
H R 18] 42 I 1077 3k - I 75 19 R T ER B SR T 4 Mk £
EHEATHE . B A I E IR AR 2 T OCA20 #i
B 2 4 f A D00 AL (AR oh 2 BIL LR BT
FATT T 0 A AR A AR % A AR D R OR
0. 17622 R G A0l DU 4 22 5K B iR . U
TR TR RO | R T 5 A TG A A ik A
I 3 B B o AR SR B 30 e i e 24 f
A+ K TR U T [ AR T T e AR S T )
Y AT [ R 2 T 1 4 floh o 7 a0 I 2 R
RV BEOCW o 7R P AR A 5 R TE B B RE L T
s PR AR AN o LS G B T 68 T T AR A R T
TESPEE AL U0 B B i . B — 214 6 P ATl
TUGRIE I A 224 2 A BOF 3 1R FHE R 2
(4 6 AV B8 F 7 439 o AT D 1% 2H 0 doe 2 3t A

A SCE Sl 5 I A RS R S 4 Rl

(a)  ZE IR K 75 22 5 I3 7 2R 100 JBE ¥4

KR S35 B dh BT BE O 1 mm (9 205
FAVE D AR Uk v G R T 60 CHEARHE T & .
SRR R IR F) 160 C LU 58 2 WA - 42
IR B AT IS ok B R e g B L )
i ) 5 2B R 1 2 R R 43 L T RO W R L % A
M THRARA 8 h U EHEfr ks, T s
FE 1 BB E B9 3 BB 2 S Sy T =
Jie FK + 3 Fof AR 114 3 R R i 2 A5 U N AR HL R
A BB R TP AR A d B, 3 Rl
BRI RT A HROE T ENMRES>ES KD
] s T A

4 RIWERSH

AR SO AR AR AR K TN = N LG 3 A A
o AAR o 3 R IR T i RE S KO I
P 23 590 306 e 7 75 1R 3T A A AR e R AT R
P 1 Ca) Sy 78 1 K A 2 T 00 3 2 T 114 AR 7 P 1Cb) Oy
FRABKAE 8 0 KR 7 Wik U9 75 3 T 1 e 0 o % i
pERRIb - E Wi i S E K23 ol R ST R RIS
0 AR BE VI BE L BB B ) A L 4 PR O AT R
Bl B e A 1 i Ay o A [] A 00 5 ik R AR ik B
R LWL MR A Ak o E ST A (] S T ] S
T 0 P 58 A8 3 R I e ST AR il o PR R
Ak BT E S IR B U0 £ R R A .l T
B E V232 BN TR 2R 0 5 T 5 08 ko 0 2
REG R CERIEZE . N T /N R EAEA
57 P19 i 0 R 2 L A T R B RO AR L
fi #fy S 00 Ak BRI R TSR L I AR B AR T 5
TR AT A N 0 PR AR Ak B R L USR] RETH BR
N R ZRBFEI o A SCOR B & B A B AL B
oM H b A R A R AR LR 3.

(b) ZEMHIKEBYR ARV T Tk I 75 2 ThI 2 ¥4

L1 KAE W 7 2 1Y B2 iR

Fig. 1 Sessile drops on surfaces of asphalts
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Tab.3 Contact angles of asphalts and test liquids
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4 96.5 0. 60 96.1 0.81 94.0 0.49

6 92.2 0. 54 91.3 0.63 86. 4 0. 86

8 89.4 0.79 89.6 0.55 80. 8 0.90
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Tab. 4 Surface free energies and components of

different asphalts mJ e m ?
B/ % FM H H R SN e 1 4 e
0 10. 60 8. 49 2.11
2 11. 87 9.83 2.04
4 15.17 12. 30 2.87
6 17. 21 12.93 4.28
8 18. 60 12.96 5. 64
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Fig.4 Surface free energies and adhesion grades of asphalts
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