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Py SO AL 5 A A& AR AR, HOBETE I 7 10
TSl AT I AR ME YR B S B s R IH
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TR I A T AL A e AR S A
5GP ) R B E A PS¢ (organic
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FHAE T 8 2ok TE A IR IR R T TR A5 SRR R Y A
FEBC LG , AT RO A L) R 22 A 1 BE

1 ##5RETE

1.1 BERIER
1) Hil i ABE B R H 3 = g b 32 B4k 24 a
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P, BEAE IG5 W T 1 N SR, 3 v L 5 U = (8] )
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Table 1 Technical indexes of tung oil
HOARSEDR MAEE R A EUE
S GRS AR
I grem™) 0.943 F e s
B (22 CEI T, #E 24 h) AL —
HAT A £
LN ) —
FEAT AR

2) BGIHF  HG IR AT DASR S I R I ek
LT AR R PE NPT RME . AR BR AR AR
TR — 21 (dioctyl phthalate , DOP) 1 A 1% Al i
G FEA R 3G 55

3) GRS IE < 1G R AT AR 0 A
(R0 B2, X8 e Y e M R, AT DA I 0 9 % o
oy W REE M B E AR I A U AR R & R
Z A AR ZEE A BIE ST 3 55 CO A AR IR 1 Sy 3 266
BE o

4) A HLZE L (OMMT) : g 4 & i iih 52 45

A B B ATE RE , A BF ST R £ OMMT 15
L.
1.2 Z2UHESBERSE
121 ¥
A 50 R A i 5T 0 95 2 o W R A U
A RAwSEHER 707 M . 2k P S
R AEUAN 32 30 77 2 A 1 56 ) 2 1Ay, B AR 4R A
A BEARAE A B TR E K& IR AR A g L
) (JTG E20—2011) H i AH G 25K, T 3o ke % 1.
JHE 4 #4356 (rotating thin film oven test,
RTFOT) %1k 85 min, #RJ5 H & J1 £ AL 25 4% (pressure
aging vessel, PAV) Jill 5 75 & 1k 20 h, 38153 & 1k
W (70a) o HE BT 5 &AL U W BOR 18 bR
W2,
R2 ARMH LD FEARIER
Table 2 Technical indexes of substrate asphalt and
aged asphalt
S| it etk ek
EFABE(25°C,100 ¢,

68.7 21.1 T0604
55)/(0.1 mm)

FERE (15 °C,5 em/min)/ cm 142.0 5.6 T0605

Ak (R 5ER)C 48.0 65.6 T0606

122 FHEWE

PR 75 A S i 2 o R A T S
A5 W AR RNIR A, A G
AR 23 0l R 4% 8% Fl 12% (4% 7 I
). s B AR AR (13525) CIREE T, R
Y PIALLL 3 000 r/min 1Y 39 Y] 3# % 57 Y 20 min
Ji , #4524 500 r/min {4945 $ 2 A< 3% S P 10 min
il it 52 5 U 9 AR R 4B i O 4% 1A B
70a-4T £, LABL R, Hom 2 il AE R
70a-8T .70a-12T,
1.3 {BWHE

2 5 55 V) 3t 22 4L (dynamic shear rheometer,
DSR) IS T 0PA o i TR AL 1 £ 42~72 "R AF
T, LU0 & 0=10 rad/s , .22 ¥5 il S 12% XTI
AR S AT IR A . e Al 22 A A
(bending bean rheometer, BBR) i 5 43 %I £ -12 .
—18 Je—~24 “CIfk BE T X 0 75 B it 4 A0 il 470 2R
FrivAsi
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Table 3  Orthogonal factor levels %
A M (A SEEIR(B)  MEEERIAE(C)  OMMT(D)
— 75 10 14 1
- 70 15 10 5
= 65 20 6 9

T4 ELKBLER
Table 4 Orthogonal test results

e NI HEEAF] RAEERSNE OMMT  BKfEal/ 25 CERAJE/ 15 CCHEEE/ 135 CHRIE/
HES S om mme ©m M (04 mm) om (mPa-s)

1 75 10 14 1 48.4 93.5 143.6 480.0

2 75 15 10 5 47.0 100.1 1382 455.0

3 75 20 6 9 45.1 130.0 142.6 404.0

4 70 10 10 9 46.6 145.2 1254 447.0

5 70 15 6 1 46.7 103.2 134.3 426.0

6 70 20 14 5 48.4 82.5 121.0 471.5

7 65 10 6 5 46.5 99.6 1174 451.0

8 65 15 14 9 47.2 98.9 119.3 483.0

9 65 20 10 1 482 86.0 97.6 505.0

K5 NIEZCIRIAR AWM R RSHE .k kI HE— R EUE — K i35 45 2R 197 25

RS EXRRBLERAASNTA
Table 5 Visual analysis of orthogonal test results
Giit SN
WH Sl B C D RIEAS
k, 46.8 47.2 48.0 47.8
WAk k, 472 470 473 473
o A1B2C3D3
C ky 473 47.2 46.1 46.3
R 0.5 0.3 1.9 1.5
k, 107.9  112.7 91.6 94.2
25°C
C k11031007 1104 94.1
BB A,B.C.D,
ky 94.8 99.5 1109 1247
(0.1 mm)
R 15.5 9.1 19.3 30.5
k, 141.5 128.8 128.0 125.2
15°C
Tk, 1269 1306 1204 1255
G/ AB,C,D,
ky 111.4 120.4 131.4 129.1 o
cm
R 30.1 10.1 11.0 3.9
k, 4463 4593 4802 4703
135°C
k, 450.2 4547  469.0 4612
I/ A,B,C;D;
ky 479.7 4622  427.0 4447
(mPa-s)
R 334 7.5 53.2 25.6
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Table 6 The influence of each factor on each index
Ak s/ 25 “CEF A/ 15 ‘CHEJE/ 135 CHi L/
B 2 C (0.1 mm) em (mPa-s)
Bl kP Bl KF B K HE KF
il (A) 46.8 k, 110.3 k, 141.5 k, 446.3 k,
25 (B) 46.9 k, 100.7 k, 130.6 k, 454.7 k,
BEMIE(C) 46.1 ky 110.9 k, 131.4 k, 427.0 k,
OMMT(D) 46.3 ks 124.7 ks 129.1 ky 4447 ky
H1 e 5 AT, Bl 1 28 500 5 i A B, Al AR 10°¢ Ty e
5135 CRIE AR BRI B IR IR TH G, 25 CHFAJE . S oaar
515 CHE BEAERRH S6 TG 5 AT, 50 22 01 4 30 1 I S, T Joetr
S0 9 45 T 0 T R 399 S B
BB R 15%. & 10
T A AL SR/ 25 CEFABERI 15 "CAE JE ®
K IR 2 PE 38 BRI T OMMIT £ S 95 o
HEIM N 6% F1 9% o

MR8 138 B0 25 G 40 T 0, M &2 5 0
AT BB AELH A M9 A BLC,D,, BIVHR I 184 38 55 | 484
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9% , P 1 52 G P 390 v 4% 21 0 1) i A Jo o i L
H}25:5:2:3,
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H L LTSN, A U RE 1) 5 B R A B
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Fig.1 Complex modulus of different asphalt

specimens at different temperatures
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Fig. 2 Phase angles of different asphalt

specimens at different temperatures
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Fig. 3 Rutting factors of different asphalt

specimens at different temperatures
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Fig.4 Rutting factors of different asphalt specimens at 62 °C
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Fig.5 Creep stiffness modulus and creep rate values

of different asphalt specimens
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Study on composition design of tung oil composite asphalt recycling
agent based on orthogonal test

YE Qunshan, QIN Mengnan, ZHANG Simin
(School of Traffic and Transportation Engineering,Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] This work aims to study the comprehensive regeneration effect of multiple materials
compound preparation of asphalt recycling agent on aged asphalt in depth. [Methods] Tung oil, plasticizer,
tackifying resin, and organic montmorillonite ( OMMT ) were used as the primary materials for recycling asphalt.
The softening point, 25 ‘C penetration, 15 ‘C ductility and 135 “C viscosity obtained from the regenerated asphalt
were used as judgment indicators, and the recycling agent was optimized by orthogonal test design to analyze and
determine the optimum ratio of each raw material. Dynamic shear rheometer ( DSR ) and bending beam
rheometer ( BBR ) were used to effectively verify the feasibility of tung oil composite asphalt recycling agent to
restore the performance of aged asphalt. [Findings] The optimum mass for tung oil composite regenerant
components was 25: 5: 2: 3; the tung oil composite asphalt recycling agent can effectively restore the
performance of aged asphalt, and the high- and low-temperature rheology was better than that of the matrix
asphalt. [Conclusions] The research results can provide a certain basis for the follow-up research on the
recovery of aging resistance and microstructure of aged asphalt with tung oil composite regenerant.

Key words: tung oil composite asphalt recycling agent; orthogonal test; aged asphalt; recycled asphalt;

rheological property
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