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Abstract: In order to study the comprehensive performance of polyphosphoric acid (PPA) and
rubber powder composite modified asphalt and its applicable conditions were investigated.

Conventional and dynamic shear rheological tests were conducted, using indicators of the degree
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of targeting, softening point, ductility, penetration ratio, rutting factor, phase angle, and
complex modulus index. Composite-modified asphalts with different contents of rubber powder
PPA were studied. The high- and low-temperature performance, as well as the temperature-
sensitive and aging properties, were evaluated in detail. The results show that the high-
temperature performance of composite-modified asphalt is significantly improved, the softening
point is higher, and the anti-rutting factor is approximately 5 to 20 times higher than that of the
matrix asphalt. The deformation of asphalt is smaller under conditions of high temperature and
large frequency, which is beneficial to the anti-rutting effect of asphalt, in a dynamic shear
rheological test. The elastic property is better under a permissible speed, which is beneficial to
the anti-rutting of pavements. However, the addition of PPA and rubber powder does not
improve the ductility of the asphalt. The higher the amount of asphalt, the greater the decrease in
its ductility. Further, the low-temperature performance of the asphalt decreases. The slope of
the complex modulus index (GTS) of the modified asphalt declines, indicating that the
temperature sensing performance is improved. The blending of the PPA can upgrade the anti-

The high-

temperature deformation resistance of asphalt modified with PPA and compound rubber powder is

rutting factor of asphalt aging., lowering the degree of phase angle increase.
better than that using only modified rubber powder. Therefore, the incorporation of PPA can
effectively improve the high- and low-temperature performance, as well as the temperature-
sensitive and aging properties. Among the results, 1. 5% PPA+15% rubber powder composite
modified asphalt showed the best overall performance. 6 tabs, 10 figs, 25 refs.
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Tab.1 Technical indexs of matrix asphalt
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Tab. 4 Results of ductility tests of different schemes

ZH FENFTEB|FEC|HED| FEE|FEF
K il 3 Rl 60 | 2.36 | 10.00 | 12.20 | 12.80 | 15.40 | 24.00

CH) T W] 66 | 1.09 5.84 7.30 | 7.89 9.81 | 15.60

G /kPa 72 | 0.51 4.23 4. 66 9.14 5.81 9.59
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Tab.5 Gis for different schemes
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Grs —3.278 1| —2.773 2| —3.127 2| —3.402 4| —3.068 0| —2.736 7

C 8.790 7| 7.596 3
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HEA WG R Z b s 08 TR UM 5 18 08
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FH2 1. 5 0 PPA+15 Y0 MR kY B2 A WO 5 1 26 e
JIN U R T R A B A A AR
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Tab. 6 Degradation test results of modified asphalt with

different schemes

WAk |25 CEA | BAAS 5T AE | 6+
% S pa s/
&/°CIEE/0.1 mm| 22/°C | /% | sin(d)

ZALHT| 49.5 65.0 2.37 85. 4
A 4.2 | 75.4

“fb)E| 53.7 49.0 2. 96 87.3

LALHT| 63. 8 40. 1 12. 50 53.2
B — 2.7 | 77.6

#1k)5| 66.5 31. 1 14.70 56. 1

LARHT| 67. 1 43.4 14. 90 54.5
C 2.5 | 74.4

#1k)5| 69. 6 32.3 17.70 57.6

ZALHT| 63.9 43.1 12. 80 56. 3
D 6.2 | 72.4

#Ak)E| 70,1 31.2 14. 10 60. 4

LALHT| 66. 1 40. 6 19. 40 52. 4
E 5.1 | 75.6

ZAk)E| 71,2 30.7 26. 50 54.0

AR 71.5 36.5 32. 20 48.3
F 3.9 | 77.8

ZALJG| 75. 4 28. 4 43. 80 49.8

Hi 22 6 Al B % PPA 54 (38 0, 3 fb i 22
BT/ BB BB RS K, BB PPA & AR G
oy T B U B A RE s B AL S RO T R
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PPA 5 2 1t 3 i 56 S B 8 5 AR A A 72 2 4k JE Bk
A BTG I, W] AR REAR T RS v R L
1. 5% PPA+ 15 Y% 8 B Hs 52 A ole M 03 75 1) AH A 5 3
TIAE X 38870 s B OR T th T PPA Bl ) i) A7 7 filf
P A SCE I T Y T B AT B R T kAT S
R TR T e ) ¥R T AR R B — R

6 % i

(L aed 8 B e J P B G &% DSR 3 4 A2 3K
Bor#r T PPA KAR By & 45 ook i v TR R fE
PPA BB IR = T W17 /9 il Pk B8 PPA -+ 18Uk
S A ORI T AL A BB B R PR T
I 5~20 4. HEE#H PPA B 195 = iRV e 2
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PO 15 B H5 = PR ARORE ) B R AL R AE
bS5 Y38 . U W1 2 A AR T R SR v M RE L
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o T PR R A B — W03 AR HT S R R AR R R
TR o — Wi . 1. 5% PPA+15 %48 I8
B3 52 A3 wOVE W T LA BT Y TR R T R L
b5 T HL A BT i Pk BE 1 FE A B AT S I XA A
% I T

(3) A 3¢ FURE v ] 2B 77 1 B8 o 6 I3 30 7 2E 47 2
MEAFSE . 5 S5 v nl S B 2 b B O 0 7 A T 0
I XF E PR R AR Ak L s CPE LR A B ST . (R E A
il 48 & PPA A SO 5 7 19K M BE 2 R ok IF
JERIE .

SE 3k

References:

[ 1] JTG H20—2007, 2 B4 AR MRS 2 A5 [ S
JTG H20—2007. Highway performance assessment
standards[ S].
[ 2] BALDINO N,GABRIELE D,LUPI F R,et al. Rheo-
logical effects on bitumen of polyphosphoric acid
(PPA) addition[]J]. Construction and Building Mate-
rials,2013,40:397-404.
DOMINGOS M D I, FAXINA A L. Rheological be-
haviour of bitumens modified with PE and PPA at dif-
ferent MSCR creep-recovery times[ ] ]. International
Journal of Pavement Engineering, 2015, 16 (9):
771-783.
[4] NUNEZ]JY M,DOMINGOS M D I,FAXINA A L.

Susceptibility of low-density polyethylene and
polyphosphoric acid-modified asphalt binders to rut-
ting and fatigue cracking[ J]. Construction and Build-

ing Materials,2014,73:509-514.

[5]

L6]

L7]

[8]

[10]

[11]

(12]

BB IR TR AR 2 B 30, 55 2 BRI XS 5 IR 5Ok
e IR PR RE S ma g (0], a0 HE DK 2 4R, 2014,
36(6):47-53.

CAO Xiao-juan, ZHANG Zhen-xing, HAO Pei-wen,
et al. Effect of polyphosphoric acid on the high and
low temperature property of matrix asphalt mixture
[J1. Journal of Wuhan University of Technology,
2014,36(6) :47-53.

TKERBR . 2 BB TR UM I 75 O 45 R B AR R T 5T
[D]. P44 . K% K%, 2012.

ZHANG Ming-ming. Research on the microstructure and
technical performance of polyphosphoric acid modified as-
phalt[ D]. Xi’an: Chang’an University,2012.
VELASQUEZ R, TABATABAEE H, BAHIA H.
Low temperature cracking characterization of asphalt
binders by means of the single-edge notch bending
(SENB) test[]]. Asphalt Paving Technology — Pro-
ceedings of Association of Asphalt Technologists,
2011,80:583-591.

£ ORCETFE.F OB ETHREIGN 2 REER
SO F AR RELT ], 2 & BB, 2017, 34 (2)
322-328.

WANG Lan, WANG Zi-hao, LI Chao. Based on visco-
elastic theory to study the low temperature perform-
ance of polyphosphoric acid asphalt[ J]. Acta Materiae
Compositae Sinica,2017,34(2).:322-328.

XNZLEE W &K 5. 2 BRI E L
TR A RHIG IR P Be BF 5T L) . W1 m R4 4. B AR 2%
R ,2017,44(5) :104-112.

LIU Hong-ying, CHANG Rui, ZHANG Ming-ming,
et al. Study on low temperature performance of
polyphosphoric acid modified asphalt and asphalt mix-
ture[ J]. Journal of Hunan University: Natural Sci-
ence,2017,44(5) :104-112.

AFLAKI S, HAJIKARIMI P,FINI E H, et al. Com-
paring effects of biobinder with other asphalt modifi-
ers on low-temperature characteristics of asphalt[J].
Journal of Materials in Civil Engineering, 2014, 26
(3):429-439.

ET 58 B A A 22 TR PR 9 75 1R RE 52 e F 5
(D], W34S N 58l Lol k2, 2017,

WANG Zi-hao. Study on the effect of aging on the per-
formance of polyphosphoric acid modified asphalt[ D].
Hohhot : Inner Mongolia University of Technology »2017.
MASSON J F, COLLINS P, WOODS ] R, et al.
Chemistry and effects of polyphosphoric acid on the
microstructure, molecular mass, glass transition tem-

peratures and performance grades of asphalts [J].



S

%5

# FAH L. F

% RBEBR BARI Y B4

ORI B A 17

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Journal of the Association of Asphalt Paving Technol-
ogists,2009,78:455-490.

SARNOWSKI M. Rheological properties of road bitu-
men binders modified with SBS polymer and polypho-
sphoric acid[J]. Roads Bridges-Drogi Mosty, 2015, 14
(1) :47-65.

AR SR R IR L & B R M U 1 i
BaFsEL)]. AN B ,2010,30(3) :252-255.

CAO Wei-dong, LIU Le-min, LIU Zhao-ping, et al.
Research on polyphosphoric acid modified asphalt[]J].
China and Foreign Highway.2010,30(3):252-255.
MOTHE M G.LEITE L F M,MOTHE C G. Kinetic
parameters of different asphalt binders by thermal
analysis[ J ]. Journal of Thermal Analysis and Calo-
rimetry,2011,106(3) :679-684.

ZHANG F,YU ]J. A study on the aging kinetics of
PPA modified asphalt [ J ]. Petroleum Science and
Technology,2010,28(13) :1338-1344.
FOR.ETE.E OB ZRBRUEN T 2 EE
e U B PERE LT ] &5 MR 2 4R, 2017, 34 (7).
1610-1616.

WANG Lan, WANG Zi-hao, LI Chao. Research on the
high temperature rheological properties of polyphos-
phoric acid modified asphalt[J]. Acta Materiae Com-
positae Sinica,2017,34(7):1610-1616.

FINI E H.AL-QADI I L, YOU Z, et al. Partial re-
placement of asphalt binder with bio-binder: Charac-
terisation and modification[ ] ]. International Journal of
Pavement Engineering,2012,13(6) :515-522.
ERRGE R R BB L) ] K2R
AR FARFEAE IR . 2011,31(2) 16-11.
WANG Xiao-feng, CAO Rong-ji. Rubber

modification mechanism[ ] ]. Journal of Chang’an Uni-

asphalt

[20]

(21]

(22]

(23]

[24]

versity; Natural Science Edition,2011,31(2):6-11.
SRR LT M. IR A R e R R 8 vk AT
WL K%K 2 i AR RS2 AR, 2008, 28 (2)
9-12.

ZHOU Qing-hua,JIA Yu. Evaluation on test methods
for high temperature performance of asphalt binders
[J]. Journal of Chang’an University: Natural Science
Edition,2008,28(2) :9-12.

BAHIA H U,HANSON D I,ZENG M, et al. Charac-
terization of modified asphalt binder in superpave mix
design[ R]. Washington DC: Transportation Research
Board,2001.

W Wil kWHRE
2238 H AL, 2001,
SHEN Jin-an. Road performance of asphalt and as-

rH A ERELM . JE At AR

phalt mixture [ M ]. Beijing: China Communications
Press, 2001.

TARINSL A ok 4 5. U A AR 4R B o oY
[J]- ] 5% K 2% 2= 4. A 48 B 2 W, 2005, 33 (3):
306-310.

HUANG Wei-dong, SUN Li-jun, ZHANG Zhi-quan,
et al. Study on penetration index[ J]. Journal of Tongji
University: Natural Science,2005,33(3):306-310.

TR NI B R R S AR B T IR U T
M5 B B 58 L] #5006 Rl 2% 4k, 2013, 16 (2):
266-270.

YU Xin, SUN Wen-hao, LUO Yi-lin, et al. Research
on the evaluation index of temperature sensitivity of
CRMAL[]J]. Journal of Building Materials, 2013, 16
(2):266-270.

AASHTO—T 315, Standard method of test for deter-

mining the rheological properties of asphalt binder

[s].



