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Abstract

With the development of urbanization and industrialization, the number of non-degradable waste
tires and plastic film increases year by year. The random disposal of these waste materials not
only pollutes the environment, but also threatens human health. In this study, waste rubber
powder and recycled PE were used as additives, and modified with asphalt, and its high and low
temperature properties were evaluated by softening point, penetration, ductility and modulus of
stiffness. Sensitivity analysis of the two additives was carried out by using the range difference
method. The results showed that the recycled PE mainly enhanced the high temperature stability
of the modified asphalt, but reduced the low temperature crack resistance of the asphalt. The low
temperature cracking resistance of asphalt was improved obviously by waste rubber powder, but
the stability of asphalt at high temperature was not improved obviously. The results show that the
high temperature stability and the low temperature crack resistance of asphalt can be improved
by the compound modification.
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Table 1. 70 performance index of base asphalt
F 1.70 SERIMEMHEEER

T H TERETEAR
EENBEE(107Y 68
B \BEFREL PI -0.62
FEFE(15°C)/em >100
HERE(10°C)/em 35
BAb R ERIE)/C 46.2
HJE(15C)/g/em’ 1.035

MRIEBARITC, X TARIBS RN — R HAHEEN 40~80 H HIRRER B, Ao F R IH AR
KAnEE Ny 40 H, SRR T R S R I, FALn? 2 iR, PE BURLZ LUK IHiR 2 K%
BN AR O HF AL st 26 A P2 PE IR, B8 MR e IR LA 1

Table 2. Physical and chemical composition of waste rubber powder

2. RIARHIMIRILF AR

BRI W ) PR 1) KTy 2T
59.00 33.65 6.04 4.22 0.21 <1.00

(@) (b)

Figure 1. Morphology of two additives (a), waste rubber powder and (b) rege-
nerated PE particles.
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Table 3. Main performance indexes of matrix asphalt and modified asphalt

3. AR M B EE M Reia R

RIS BHRBE% F4E PE BE/% £ A JE(25°C)/0.1 mm FEFAS5C)Ymm  BAiLA/ °C #MEHE mfE

1 0 0 68.2 110.7 46.2 259 0.331
2 4 0 57.2 10.3 50.3 230 0.333
3 7 0 56.2 13.2 51.0 205 0.336
4 11 0 56.3 15.2 51.8 181 0.342
5 15 0 559 153 52.0 164 0.351
6 0 4 49.2 15.4 53.8 282 0.315
7 0 5 43.0 11.2 58.0 295 0.310
8 0 6 394 9.3 61.3 330 0.304
9 0 7 333 7.5 64.0 364 0.293
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Continued
10 7 5 42.8 9.6 57.2 222 0.318
11 7 6 37.1 8.7 58.2 237 0.310
12 7 7 35.0 7.2 61.0 248 0.299
13 11 5 42.7 11.8 55.4 195 0.323
14 11 6 37.0 9.7 57.2 213 0.313
15 11 7 35.0 8.3 61.1 221 0.303
16 15 5 44.0 12.3 56.5 184 0.331
17 15 6 38.6 10.2 57.7 196 0.327
18 15 7 36.3 8.5 61.0 205 0.314

3.1. SEAERBER
BN RALWIE PAERLSE . KB USRS BT VIR BE 0 48w, 72— B RE I 1t Rl 5 O AH
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71, R NBEAE — € R EEARAL T A iR AR e PE[10].
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Figure. 2. Effect of waste rubber powder addition on penetration of modified asphalt
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Figure. 3. Effect of recycled PE content on penetration of modified asphalt
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Table 4. Range analysis of penetration
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s 1R \H BBy F 4 PE
K1 M 383 432
K2 BE 38.2 37.6
AKF 3 M 39.6 35.4

Wz 14 7.7

I3 A 22 20 B R O AP T A N R L 4. RIS 4 BB HE T TS R IF RO R 25K
FREF NSRRI, B4 PE AE S/ M PR FEAR. MRZEEATLLE Y, #4 PE XWHR R
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Figure. 4. Influence of the amount of waste rubber powder on the ductility of modified asphalt
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Figure. 5. Effect of recycled PE content on the ductility of modified asphalt
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Table 5. Range analysis of ductility
=5 EEMRES

gE| J52 1R B K 4 PE
P 1 M 8.5 112
K2 A 9.9 9.5
K 3 $MH 10.3 8.0

&= 1.8 32

T AR 22 43 AT B 3O SR A B AR L 5o ARAE R 5 KB EAE v LA R TH ROk 7E % KT
TEEETHEES, 4 PEERAKT T EEZ RGBS . MEZEWLAEL, #4 PEXWHBE &
eSS FEE R A P OS2 M O T R TS X A P T s B 52
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Figure. 6. Effect of waste rubber powder addition on softening point of modified asphalt
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Figure. 7. Effect of recycled PE content on softening point of modified asphalt
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Table 6. Range analysis of softening point

= 6. MURBIRED

iH JEIH Bt P4 PE
K1 B 58.8 56.4
K 2 #1H 57.9 57.7
K 3 #ME 58.4 61.0

ez 0.4 4.7

DOI: 10.12677/hjce.2018.76096 803 T ARTHE


https://doi.org/10.12677/hjce.2018.76096

ZFULED 5%

T R 2 A A DR B VD T A B IR LA 6. ARAE R 6 IR KR W AR R IH Bk £ 257K
FRPAL AR, A PE AERACT PR SR T . MRZEEATELE I, IRIFE 7%~15%
B TN EESIENE A SR M. FAE PE X & & SIS Bk S0 s E R JGE R

34. FEESEREERIH
B MBS —FoR-g- B AR, TR ER T, N S5NA 2 A 2AELHE R R, SHEHE LR
TN E AR X R AR RS, THE 5 VR A F R TR) () AR (T 264, BN 5 SN AR LR AR, B
S(I,T):;t,T
FE—FEET, @EEHE /DR I 9080 mN #4240 s, 5 60 s I it 30 B 1 s A5 i 2
FIRLE m I FE R E ARG R . b m ERAE T 2h B B 1] 5928 46 K N FRa st g 1 /NI FE AR, m
RV T AN I RA st M BERR AT s m RN G, R G P . T Sh A R ORI T b e, IX
T DR NI T 30 PR A bR U 7= A AT 0 AR BT 75 BB S0 st 25K . AR HE SHRP R EoR, ShE M E A KT
300 MPa, m {HA/NT 0.3,
300 r

250

200

iFAZ 25 /MPa

—— 0%PE
—&— 5%PE
150
—&— 6%PE
—— 7%PE
100 0 5 10 15 20

BRI R (%)
Figure. 8. Effect of waste rubber powder addition on stiffness modulus of modified asphalt
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Figure. 9. Effect of recycled PE content on stiffness modulus of modified asphalt
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Table 7. Range analysis of stiffness modulus
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Figure. 10. Effect of waste rubber powder addition on M value of modified asphalt
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Figure. 11. Effect of recycled PE content on M value of modified asphalt
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Table 8. Range analysis of m value
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