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Preparation and Performance Study of Asphalt Modified by Polyphosphoric
Acid/Desulfurized Crumb Rubber

YUAN Jianbo, YIN Chan,FENG Xinjun', YU Fan
(School of Transportation, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: To improve the comprehensive performance of desulfurized rubber asphalt, the asphalt was modified
by using desulfurized crumb rubber and polyphosphoric acid. Based on the response surface method, the
preparation parameters of the composite modified asphalt were optimized. In addition, four types of modified
asphalt were prepared by using ordinary rubber, desulfurized rubber, composite polyphosphoric acid/ordinary
rubber, and composite polyphosphoric acid/desulfurized crumb rubber. Their performance was compared. The
results show that compared with ordinary rubber asphalt, the asphalt modified by desulfurized rubber has lower
viscosity, significantly lower mixing and compaction temperatures, and more stable compatibility between
rubber powder and asphalt in the system, which facilitates the preparation, storage, transportation, and
construction process of rubber asphalt. In terms of road performance, the high-temperature deformation
resistance of asphalt modified by polyphosphoric acid/desulfurized crumb rubber shows a level similar to that
of ordinary rubber asphalt, and its creep ability is more excellent in low-temperature environments. Among the
four types of modified asphalt, the asphalt modified by polyphosphoric acid/desulfurized crumb rubber has
more obvious performance advantages and is suitable for promotion and application.

Keywords: desulfurized crumb rubber; polyphosphoric acid; response surface method; viscosity-temperature

curve; storage stability; rheological property

N T 70 DR T A B S B I G S 1 £ [
0 3% SRR T4 i o 10 1) Bt B 2 4F SR O B S B L PSR

Bifi 5 4 K A B W B, AR K A A 1542 FEUA ) R TH A B R (Crumb Rubber, CR) X i 7
A BERIAT H R E 2ORI N A TR B R R 4 A AT S R A — ) R AR L

%5 B #9:2024-04-23

ESTE 54 50l 13 f )T R L 5 8080 H (45 :202039)
EER A 203, 5, 4, #% E-mail : yuanjb01@163.com
HEEEE DA, B A # % E-mail : fxjasphalt@aliyun.com



%24

ZA K ,F .S RERR /PR AR H e R & R AT R 91

CR S i 2 56 57 I 5 Hb o] DL 3 42 v LB 1 s,
e R Tk R BT R R AR R R AR AR IR
BPE R B ZM . — T, &l i T2
R PRI BRI Ry B AR R e 1Y = 4 AR R 45 A
L T PR BAR AR IR AE W T HhoME DA AR 4 b AE 2
o T AR 3 R v A A R A KU SR R
I3 — 5 RIS ¥ o T I A #E b e i i b
B T 43, e TP R BE G K, I DA DR ST ik
ol e 280 e M LA S TR g M Ol T o 22 1 RE TR T
FERN T RLA, L R 7 A6 0 A 55 08 55 R fl 3k
A s T AMIREE A R AR S A i S
W R b BRI T AR B 0 A e 5 TR ] o

I AR S, I AR I #y (Desulfurized Crumb Rubber,
DCR) A H B 358 A e 1 10 328 0 9 OG0 o 8038 38 AR I
WH AR B kM I AN 0 T A e e v
15 E L = A AR B R R G A IR P
B HCE TR T it T AR R R i £ I, AR
TR iz b A . (BB T2 BUR K
BB AC IR 9 28 25 R B AT T, JBLAR AR IS 0 7 04 v R P R AF
FEAS UL T TR A R DA I TR AR TE 1
Ko BRI, SRy 1ol 5 AR T U0 A N T T 1) A 3
A I I Y 1], A o SR B it it vy L o Ui
PERE, &6 Pk T e — AN R IR

% R W12 (Polyphosphoric Acid, PPA) & — Fl &
AR AN BB AR B B U Rk AR, BT AR T
T R R AR [ AT B e L 2R AR h R
N AE AR A B S A L Ak,
W5 LW . PPA REHE & R AW AR R E W F h i
it A7 e M . ST, AR SOR 2 5 1R X I
WU H AT A O A LR I Ry / 2 R R 2
GEUEDT RS N ERAETS T S5 X
Lo o3 B 3l AR W AR I W R A et
WA PE R 22 v, il A 2R B R e R A IR I
PEAEHE SR -

1 RAM#AT®

1.1 E#E

T A E R H  E A (R T00A 90 3%
3K H Ry (60 B ) BB S R 34 7 B UL 95 v 2 B R
B A BRZA F,110% 9 PPA 5§ 5t 2Rk 5 ey A
PR W) ) K
1.2 KEHSH&ERE

MK EENI BRI Ba—RHh

18%~30% """, Z R e — M 4h 48 0.5%~1.5%,
R RT X 0 7 A A e CR Y SR RS T
2 ARSI A B LT R o DAV in e R e
Je A 24 UM T RE AR R W (CR) BB A
B (DCR) B384 i 2 & 2 B IR i rE I
H (CR/PPA) LA K BBt e By 52 G 22 SR Wl W oA 1k 0 75
(DCR/PPA) . T ZULBI M2, 5o — M o I &
WO AN A BN 5 04735 U0 1 b, i 52 6 Sk el 1k
Wi W7 AE 87 Y] 30 min J5 , FHB L — & & (9 PPA
LgEile

JIELE S 18% ‘ . ‘ 0.5% K %
i 24%DCR 1y CRI 1.0%PPA
5 i 7 j]”/\m%‘j £ m/\l,sojﬁ 1h(163°C)

30 min
—_ —_——

160 °C
175 °C I T (R 55 E 4 500 r/min 571]]

190 °C

B1 MiEhEsERE

Figure 1 Preparation process of modified asphalt
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Table 1 Performance test results of DCR/PPA modified asphalt

" DCR PPA  SYUNREE/  EPAEE/ Bdksl/ 5 CIEREE/ RhEE/ A2z /

Bw/% BE/% °C (0.1 mm) °C mm (mPa-s) C

1 24 1.0 175 49 63.2 98.1 651 1.2

2 24 1.5 190 48 63.2 79.4 712 0.7

3 24 1.5 160 47 64.3 76.6 740 1.6

4 18 0.5 175 55 60.4 91.6 395 0.5

5 24 1.0 175 50 63.1 96.5 675 1.3

6 30 0.5 175 49 64.8 93.3 887 3.1

7 24 0.5 160 52 62.9 106.5 601 1.9

8 24 1.0 175 49 65.1 96.3 695 1.4

9 18 1.5 175 48 67.2 74.4 669 0.3

10 30 1.0 190 48 66.6 83.8 966 1.6

11 24 1.0 175 49 64.9 97.2 697 1.3

12 30 1.5 175 47 71.0 75.9 1365 2.2

13 24 0.5 190 53 60.1 108.6 557 0.9

14 24 1.0 175 50 63.8 95.3 665 1.2

15 30 1.0 160 48 67.1 82.6 1710 3.6

16 18 1.0 190 53 61.9 76.3 406 0.2

17 18 1.0 160 52 62.6 71.8 570 1.2
HL i — — — 40~80  =58.0 =80.0 — <25

R2 HANERFESWER
Table 2 Analysis of variance for penetration
W H SRR AME MR F{E P BFEM| TWA A AmE HWHMR FE P BEME
LAY 86.52 9 9.61 34.51 <C0.0001 B3 |PPABE 4512 1 4512 161.99 <C0.0001 ¥
DCR#B# 32.00 1 32.00  114.87 <C0.0001 W3 | @0 113 1 1.13 4.04  0.0844
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Figure 2 Penetration response surface and distribution of predicted values
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Table 3 Design optimization of preparation parameters for DCR/PPA modified asphalt

T BRAEE/ Akl R/ Bdfki2E/ FE/ DCR#BL/ PPABR/ BTYNEE/
(0.1 mm) C mm C (mPa «s) % % C
M o7 i A 249 3 50~70 Max Max Min Min
i) S A 50.12 63.63 90.19 0.72 588.9
W sy 50.00 64.20 91.00 0.85 535.0
Bt iR A 21.12 1.10 178.49

T Min A% IS B AR /N B GF 5 Max A% 07 B Y A i R84 o
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Figure 3 Viscosity-temperature curve of asphalt modified by single/composite crumb rubber
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Figure 4 Compaction/mixing temperature of asphalt

modified by single/composite crumb rubber
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upper and lower parts of asphalt modified by single/

composite crumb rubber after segregation
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Figure 6 Fluorescence images of upper and lower parts of
asphalt modified by single/composite crumb rubber

after segregation
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composite crumb rubber
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Figure 8 BBR test results of asphalt modified by single/

composite crumb rubber

PE A SRR T i, DA R AR LR AL st e ) o AE
AR TR 09 0 B A5 T, 4 D ek Pk 3 95 A o 1 S Uy
DCR<DCR/PPA<_CR<CCR/PPA, m {8 it 75t}
W) 5 S E AR , % B DCR 78 4 A~ 6 T 48 5 AT 3 4
() 2 0 A R b g 71, DCR/PPA IR e R =2
AT T B AH AR R M se 4532 8 T CR.CR/PPA. #
Lb 38 30 AR B K, AH TR 45 % IO A SBORE 43 F 1A
BUE/N B2, 7E0R T, =R w0 1 4 e
B Wi R Z )] W R A R,
AR AR Y fE 1 5 I 3 A ot BB )tk R . e Ah , PPA
e — P R A AU ER P MR A S R BT R R
2 B 1) 30 BT AR (AR R B 43 EORE 3
WG E T W RSSO
Sy R AR A BT T, RN R T R Tt n
FC BNy, X U iR R AR S, 2R G



%24

KUk, i FH AR A B Y R ] A ) Rk I TR ARG R
AW B EE PPA B A 2 (B AT
W 38 iy SO T

3 4%

AR S0 2R F GBS B A A PPA Bl ) 4 O 3R, 3
T e 1R R R R L SRS AR T S U R A
FEHI % 280, # 4% T CR.DCR.CR/PPA .DCR/PPA
AFPECMEDIE OF RS MR A5 1t LT 4508

(1) M 4E AR DCR.PPA # & DL K 59 47 5 B
£ 1 ERCTE T T BE S B, LA RS W T I AR
fil it TR S PR R A R e M AR LR A R Re I o B
P, D) 7 TE i % A 2 Y de Al A T2 . DCR
B 21% PPABE 1.1% 3716 180 °C.

(2) BT MBI H ,DCR/PPA & & Btk
Wi B TR R, R R SR AR 24 20 °C it
TR P B T A TR B K e AR e R FE o AR B
AUCHED B AR R 6 A f e M, 48 h B B K
b5 22 AUAT 0.85 °C IR R B 51 Fase , 2% i
R R ERE T 3X — 4518 .

(3) 7 = IR M B8 U7 1, DCR 2l PR I 75 19 & il
PLAR T fig 13 CRAE A b 0, (A2 A PPA J5 i 1 fig
PEFEVRAS T X — A 5 55— T 1, DCR B I 75 7R K
T B0 A e T O 5 AR X 3 AR e R R U
F

(4) KT UctEALEE, i T 6 T2 0 Ab 2 48
3 o3 7 B T 4 S A 0 b T A B B AR O RE
FEAEAR TR AN 43 B0 B I A 55 10 75 14 %5 e e o B
Vo0 A A R R N i S K I T YA
L6 P RT REME /N ZEARIR T (4 8 SR M T 4T s PPA X
Wi 75 0942 HEVE AR F 40 80T W0 75 v i Ko 7
W T AR M2 R R T W E R R R E
P TE] B AR A 5 b e 1 BT AL TR AN T
DCR i 7 e P B8 14 5l B .

(5) AWFFEHI & T —Fh2r G e RE UL R Y 50 A g
¥y /PPA G A ST, 1SS R T IR AN
i FH 3 5 AR PR BT T 19 3R B0 A 38 3R AR I U it
AR HE B, 2 R0 A 6 R o
F A B, R T AR T B A AR A A8 B DA Bt
TR, AT e B R TSR . (BRSO & A ek
PEWI T B9 P BE RAEADAEAE AL 38 5 2 A 1 K
WAL )5 W W PERE , LUV M B A vk U i A G
IR 5 1 30 PR e R

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

ZA K ,F .S RERR /PR AR H e R & R AT R 97
S 2 3k :
References:

SAPUTRA R, WALVEKAR R,KHALID M,et al. Current
progress in waste tire rubber
Chemosphere,2021,265:129033.

5K PR e AR I BR L . i B 0 K /SBS S Bk U IR
A RE K A E B TARBE R (D). P A A B, 2022, 42(6):
197-202.

ZHANG Qingyu, KANG Jiawang, ZHAO Yi. Prediction
model of permanent deformation of high content crumb
rubber/SBS composite modified asphalt mixture[J].
Journal of China & Foreign Highway,2022,42(6):197-202.
W =5 PN G A TROR SOk 0 7 R AR B A 2 2
Wi ;437 (7). P Ah 24 J, 2023,43(2) : 227-233.

YANG Sangiang, SUN Shuang, LI Qian, et al. Dynamic
load response analysis of rubber powder modified asphalt
mixture[J].Journal of China & Foreign Highway,2023, 43
(2):227-233.

L, B B, R, % OWTR/APAO & A B I 5 2
[18) 8 45 T e M 5 [9]. T AP A\ % ,2023,43(2) : 178-182.

JI Hongyan, YAN Kezhen, YUAN lJian, et al. Interlayer
bonding performance of WTR/APAO composite modified
asphalt [J].Journal of China & Foreign Highway,2023, 43
(2):178-182.

SRR AR JE 2, BE 5 TR Ry O U R PR AL R T 5
[J]. H AN B%,2008,28(2):172-176.

GUO Chaoyang, HE Zhaoyi, CAO Yang. Study on

modification mechanism of waste tire rubber powder

devulcanization[J].

modified asphalt[J].Journal of China & Foreign Highway,
2008,28(2):172-176.

PICADO-SANTOS L G, CAPITAO S D,NEVES J M.
Crumb rubber asphalt mixtures: A literature review[J].
Construction and Building Materials,2020,247:118577.
T, S B AT HEL A PSR W I A AR ML BT 5
[J]. AR #%,2022,42(6):168-173.

JI Jie, MA Tong,REN Wanyan,et al. Mechanism of rubber
asphalts viscosity reduction by warm additives[J].Journal
of China & Foreign Highway,2022,42(6):168-173.

MO S C,WANG Y H,XIONG F,et al.Changes of asphalt
fumes in hot-mix asphalt pavement recycling[J].Journal of
Cleaner Production,2020,258(10):120586.

MA T,WANG H,LIANG H,et al.Property characterization
of asphalt binders and mixtures modified by different
crumb rubbers[J]. Journal of Materials in Civil
Engineering,2017,29(7):04017036.

2RI RGN DL AR RS U 7 i S B 5 (0. iU TR
2725 40,2013,35(5):50-54.

LI Haibin, SHENG Yanping. Experimental research on
desulfurized rubber asphalt[J]. Journal of Wuhan
University of Technology,2013,35(5):50-54.

2RISR R A I8, VT A TR R T 30 T 0 LA A
Wi T PERBAFFE[I]. HAM A #,2022,42(5):156-160.

LI Xiaojuan, XU Xijuan, WANG qingqing. Study on

performance of desulfurized rubber modified asphalt with



98

)

A

S 2025 4%

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

different original asphalt[J]. Journal of China & Foreign
Highway,2022,42(5):156-160.

MA T,ZHAO Y L,HUANG X M, et al. Characteristics of
desulfurized rubber asphalt and mixture[J]. KSCE Journal
of Civil Engineering,2016,20(4):1347-1355.

TP 5 R B 2R SO A AN TR TR 3 X AR A A R
T e T B e A3 AT (7. Th AN A #,2022,42(3):225-230.
MA Qingwei,GUO Zhongyin,LI Wenbo,et al. Analysis on
the influence of different factors on the high temperature
performance of composite rubber asphalt[J]. Journal of
China & Foreign Highway,2022,42(3):225-230.

JAFARI M, BABAZADEH A.
polyphosphoric acid-modified binders

Evaluation  of
using multiple
stress creep and recovery and linear amplitude sweep tests
[J]. Road Materials and Pavement Design, 2016, 17(4):
859-876.

NUNEZ J Y M, DOMINGOS M D I, FAXINA A L.
Susceptibility  of  low-density  polyethylene  and
polyphosphoric acid-modified asphalt binders to rutting
and fatigue cracking[J]. Construction
Materials,2014,73:509-514.

VENKAT RAMAYYA V, VINAYAKA RAM 'V,
KRISHNAIAH S, et al. Performance of VG30 paving

grade bitumen modified with polyphosphoric acid at

and Building

medium and high temperature regimes[J]. Construction
and Building Materials,2016,105:157-164.

XU Y L,NIU K M,ZHU H Z,et al.Evaluating the effects of
polyphosphoric acid (PPA) on the anti-ultraviolet aging
properties of SBR-modified asphalt[J]. Materials,2023,16
(7):2784-2789.

QIAN C D, FAN W Y, REN F Y, et al. Influence of
polyphosphoric acid (PPA) on properties of crumb rubber
(CR) modified asphalt[J]. Construction and Building
Materials,2019,227:117094.

WEI J G,HUANG M Y,ZHOU Y M, et al.Research of low-
temperature  performance of polyphosphoric
modified asphalt[J].Materials,2022,16(1):111-119.
YAN K Z,ZHANG H L,XU H B.Effect of polyphosphoric
acid on physical properties, chemical composition and

acid-

morphology of bitumen[J]. Construction and Building
Materials,2013,47:92-98.

LIU S J, ZHOU S B, PENG A H. Evaluation of
polyphosphoric acid on the performance of polymer
modified asphalt binders[J]. Journal of Applied Polymer
Science,2020,137:48984.

SIS AR BRI B A TR KT IR AR
IRE ML ITG E20—2011[S]. b5 A R A8 A, 2011,
Research Institute of Highway Ministry of Transport.
Standard
mixtures for highway engineering: JTG E20—2011[S].

test methods of bitumen and bituminous
Beijing:China Communications Press,2011.

VY2 TR B, B DY s AL AL TR R A |, K%
K R it TH AR AL :DB61/T 1021—2016
[S]. P4 % B PG B} 4 3 AR Y A At ,2016.

Xi’ an Highway Research Institute, Shaanxi Expressway

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Mechanisation Engineering Co.,Ltd.,Chang’an University.
Technical specifications for construction of asphalt rubber
pavement:DB61/T 1021—2016[S].Xi’ an:Shaanxi Science
and Technology Press,2016.

LIANG M,XIN X,FAN W,et al.Viscous properties,storage
stability and their relationships with microstructure of tire
scrap rubber modified asphalt [J]. Construction and
Building Materials,2015,74:124-131.

MBS 30 T DL AR AR 0 A K T B e e
[J]. 2> % 2 i@ AH,2012,29(2):35-39.

YANG Yiwen,YUAN Hao,MA Tao.Swelling principle and
pavement performance of desulfurized rubber asphalt[J].
Journal of Highway Transportation Research and
Development,2012,29(2):35-39.

XK e A i ] 5 3 45 PE-JBEGRAR e &2 A el b i 7
IR RETZT [J]. AN 1,2018,38(4):303-306.

LIU Dalu, CHEN Huiqiang, HE Qingpeng, et al. Research
on high temperature performance of modified asphalt with
PE-desulfurization rubber[J]. Journal of China & Foreign
Highway,2018,38(4):303-306.

AR T, B A A B A 22 SRR RN A (] 90 7 I
B PE AL 5% [J]. 2 SUM B2 412,2013,16(2):255-260.
ZHANG Henglong, SHI Caijun, YU Jianying, et al.
Modification and its mechanism of different asphalts by
polyphosphoric acid[J]. Journal of Building Materials,
2013,16(2):255-260.

N 2R N 2 RUER/R G WA A SO
RE AL AT [D]. 74 28 K 28 R 27,2018.

DONG Gang. Performance and mechanism of asphalt
modified with polyphosphoric acid and polyphosphoric
acid/polymer[D].Xi’an:Chang’an University,2018.

W A il B B R LA R R R AR T R G ot
T AR M e 5 M LB B T (D], TP AN A K ,2022,42(3):
219-224.

YE Changjian, LU Shaoyi, HUANG Qiushan, et al. Study
on rheological properties and modification mechanism of
crumb rubber/natural asphalt composite modified asphalt
[J]. Journal of China & Foreign Highway, 2022, 42(3):
219-224.

ZHAO Z F,XIAO F P,TORALDO E,et al.Effect of crumb
rubber and reclaimed asphalt pavement on viscoelastic
property of asphalt mixture[J]. Journal of Cleaner
Production,2023,428:139422.

LIANG P,LIANG M,FAN W Y,et al. Improving thermo-
rheological behavior and compatibility of SBR modified
asphalt by addition of polyphosphoric acid (PPA) [J].
Construction and Building Materials,2017,139:183-192.
TRICHKAT KRR 224855 AR B U 75 IR PP AN $8 45 0], 1 7R
1 Tl K 2% 2% $1,2016,48(3):66-70.

TAN Yiqiu, FU Yongkang,JI Lun, et al. Low-temperature
evaluation index of rubber asphalt[J]. Journal of Harbin
Institute of Technology,2016,48(3):66-70.
ALAM S, HOSSAIN Z. Changes in
compositions of PPA and SBS modified asphalt binders[J].
Construction and Building Materials,2017,152:386-393.

fractional



