% 46 %% 8 FRRXFFHR Vol. 46 No. 8
2023 5 8 A Journal of Chongqing University Aug. 2023

doi: 10.11835/j.issn.1000-582X.2023.08.011

) FE R R TR AR B V& AR RE PR B D
7S A L AR

= %
(F R B4R Z R AIEA RN E ,F K 400041)

BE AR HAB LG ARG P0G 50 LR LI B F A RS
Fol i A2, G MR T R A DK AR # 8 I S AR ARR K 2 Ak 5 R AR 2 AL
X 3 RTFOT Ao Aw ik Ao B X PAV Z 5 & A3 AR E 5B, ST TR F A FHw
W FAE A A P 8 R WM AR OB HLAE 3 i R R Ln S R e £ R B S AT B 4 F oL 5k F B
WATHB B Feg s e, niX4ER AN, 8E LM RTFOT £ 4L F PAV £ Z 5,
EKHFRE LA REE KRR TR+ 5@k 2305 F 3R E SR TR

I E FH T RR M A IER L E Ak R R F b #78 % F £ 2% RTFOT % 4L 4= PAV % 1L
HARP RFHHE KT H S BRI, R E RN T 2 R EER, B R
iq’;@b,fs MR BT F e LR BRI R AE TR, XA E L

HERTRRBEHE R AT LI,

KR A RASH I F A SR B B

FESES:U414.6 MRS A X EHS:1000-582X(2023)08-112-08

Research on aging characteristics of recycled asphalt and its
induced aging of new asphalt from hot in-plant recycled
asphalt mixture
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Abstract: In order to explore the aging process and mechanism of new asphalt in plant hot-mixed recycled asphalt

mixture, the dynamic viscosity and partial road performance of the recycled asphalt, the mixture of new and old

asphalt and the matrix asphalt after RTFOT aging and PAV aging were tested. The macroscopic performance

attenuation law of the mixture of new and old asphalt during the aging process in thermal regeneration was
compared and analyzed. After that, the aging process and mechanism of the mixture of new and old asphalt were
explored by infrared spectroscopy and differential calorimetric analysis scanning. The results show that RTFOT
aging and PAV aging make the viscosity of recycled asphalt rise significantly and the low temperature
performance decline rapidly. After RTFOT aging and PAV aging, the change range of dynamic viscosity and low-

temperature performance of the mixture of new and old asphalt is much higher than that of the matrix asphalt,
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which proves that the aging rate is faster than that of matrix asphalt. Meanwhile, microscopic analysis show that in
addition to the independent aging of new asphalt and recycled asphalt, there is also a chemical effect between
them, that is, some active groups in recycled asphalt have a more obvious promotion effect on the aging process of
new asphalt, here called induced “aging”. This induced aging changes the aging mechanism of the matrix asphalt
by changing the aging process of it.
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Tablel Technical indexes of the matrix asphalt and recycled asphalt

Wi A 25 °CEF AFE/(0.1 mm) 15 °CHEJiF /em b si/eC
EERUIN: 63.3 135.3 48.9
mEelik 35.3 17.4 63.1

B IH W T 51.6 97.2 54.3

1.2 HREINNK 5RAE
B 7K B 5 . R F Brookfield & 14 GBT22235—2008 W A4 2 55 114 I 78 A eI % 3 Fp U 75 2 AL i G5
TE 120 °CHY 3h SR B 5 AR S il 85 48 (BBR) K6 - M4 3 Fp 5 5 1l 56 Z AL A J5 76— 12 °CR1—18 °C T 1) 24 Ji£



114 TR K F F IR % 46 %

I SRV AR SR m (H 5 R 2 MG - 2 IR 5T B K U BHAES 75 7k GB/T16777—2008 43 51 3 3 Fh 10 75 1A 5
LA IR BRI Z2 1 20403 (IR ) 3R 56 < 5% FH Bruker 23 w2 P2 ) VERTEX 70 ZT Zh43 #4435 00 1 3 b 30
TR I 2 AL TS 1920 A% 1], 635 45 45 15 FE 4 000-500 cm™, 43 HE K 4 em™, FIHE VR ECH 16 K ; 2% 71 414 31
(DSC) i 5« 5 HT TA Q20 %4 2 7% 14 5 B4 BIMIAK T 3 Fh U0 75 128 0 - A 1T 130 B 08 0 7 A 0L, U
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Table 2 Dynamic viscosity changes of three kinds of asphalt before and after aging

Wi s A R RTFOT J&7 FFE 4 /%  RTFOT+PAV J& F T+ 43 /%
EE RN 0.140 0.199 42.1 0.410 192.8
(=] Y8z 901 0.381 1.350 254.3 2.775 628.3
HH 0.158 0.262 65.8 0.590 273.4
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Fig. 1 Dynamic viscosity of the three asphalts at 120 °C before and after aging
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Table 3 BBR test results of the three asphalts

) e —12°C -18°C
elexn WERR S mmugswMra  m AEBESMPE m

CERUIN-} 116 0.316 131 0.282

JAE B H W 142 0.291 208 0.258

mEielik 163 0.257 279 0.223

B R 135 0.299 228 0.268

RTFOT %4k J5 B IE 171 0.271 334 0.225

Bl 182 0.231 347 0.212

ESRUIN-} 159 0.278 276 0.243

RTFOT+PAV %4k )5 EeRIERiiR 202 0.244 405 0.217

mEielik 211 0.209 429 0.188
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14 78 Ak R, 2 B it 2 A0 R 3 TR TR, 3 0 75 114 1o 0 A it B T & 2B T AN TR R B AN, IR P R vk v A=
TR L SR, 3R A AR K 2t AL 22 5 ) S A G AR S R R R T B A e H AR
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Table 4 Cracks of three asphalt samples before and after aging
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Fig.3 Infrared spectra of three original asphalts
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T >>H0 W7 >3 B0 7, 2 B DS 0 75 IR e vh 3 A3 (k3 C=0 AR 5L S=0 e 2, JE T I 5 v 3 2 Fh 3k 1A
FEARVEA TR BT T 0 AR S 0 R AR 1 R A A RO DG L Rl W TR I B T R R T R AR
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o AT 3 R 4 H i 20 A P A D T RUET IH G 7E 1030 em™ 55 1 700 em™ B 3T (1) W i 06 24 18 B T
39 3 B AR T T U0 T O AR A ) TR A A R D I B AR Ak, 6 B RTFOT & b4 L 5 o 5 19 2 Ak AE R 9T A 1B
T TH W RIS A T A 2 G BT S X 3 AR R S 5 420 RTFOT % 1k Rl PAV # 4k
Z IR WELLANGIE R R oy B 18] 4 F005 B, PAV 2 A3 3 F i 5 75 1030 em™' 5 1 700 om™ B30T fi4 I iz e g
SR, 0 5 )RR T BESWR Sw/0N B TH R A RO T AT . T TH I R LR RT3 T Y 5 AR
9 30%, M 7E RTFOT & {1k F1 PAV & Ak ik B2 v i) 22 Ak 3 B2 20 5 (DS 30 5 AH Y 42230, 17 5 268 5 30 5 AH LG U AH 25
B UE B TE B TH W 7 0 & Al R rp AN 2 SR %) D3 RN L 5 T 4 H IS Y RTFOT 4L il PAV 21k,
Wb S AFAE — T B 38 A B A PR s 1 1 2 A R AR A AL 2= VR T, B RO 7 b 08 3 1 B 4 (g Uk A R
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Fig. 4 Infrared spectra of three asphalts after Fig. 5 Infrared spectra of three asphalts after
RTFOT aging RTFOT and PAYV aging

242 bR EE T LM
RS HT IH W FE &AL B2 th s 2 B AR AR AR [R5 B 7 76 2 Ak 18 b R AR 3R I 3 R A R
FE A1 32 A P R0 7 B | 3 0 BRI 2 B VE R A 2 AR AT e 0 e T AR AR A AR 0ok RAE & B 1Y A R K
ZAHLEE . T IHBRS NIRRT R b Ay 22 g R R 22, S AEREMIIE B ME S . B REMI R BUE 48 5
— ' BE AT W s e 1 D AR R — I BT B N BT e A TR Y A, R A 4R BUR Bk B C=0 AN AREE S=0
W Wi 0 ) 1T B 5 2 000~600 em ' Ik I X 38 (%) 1T R 22 R A BE (R, W Wi 06 %) T B A2 origin8.0 B (4Rl o AR 4ok
3. EREMITE BUL T XA
Ipo= 20— (1)

2 Azt
AP, x=0C, S,
AR 3~5 PR IE NS ATES R AE 2 000~600 cm ™ I U6 X S AR A, 115 3 FhE R AT HE B, Br AR A5 R L
Fs5 E6MET,
x5 3MHEEUNENSEE AR

Table 5 Characteristic functional group index of three asphalt before and after aging

IRERLIES FRIEE BB R BT BILE L, WA SR L,
JEHE 0.011 3 0.028 1
FE 5 RTFOT 0.043 2 0.039 3
RTFOT+PAV 0.053 0 0.050 6
At 0.037 0 0.050 4
B IH W RTFOT 0.079 8 0.049 0
RTFOT+PAV 0.095 4 0.064 6
JE A 0.0559 0.0813
=] g i 7 RTFOT 0.0856 0.072 8
RTFOT+PAV 0.097 8 0.058 5

Sy BT 6 R 7 K 3% 5 B 45 A T DL 2 B I 7 KK 2 D RTFOT & AL il PAV 2 4L, 7 BRUKE 5 5
SR AW B PR TC 3R AR 8 R v i 8 i AR A I R 5 [T S0 7 7EAR YR 22 5 RTFOT AL #l
PAV & b At v G AN ) 78 A R 5 R o 9 TR A AR S, S TR D [ A 7 R A R DG 3R T LI R Y
T SAEAE A 8 A I AR b 3R 0 SR A il 1 A S BOH S IR 5 KR B T B 0 7 TP AR T R B LA
Jot a5 HoAl AL G 20 A 78 28 A 72 b Bl ST il I A - 50 HC T 10 6 8 5008 O 5 (EUBT IH 0 5 78 2 A ad 72
R TS 7 AP AU A 9 /D SO R 5 10 75 P I RS A9 HE 0, 7R RTFOT 2 4k i A o HG I 00 i J0AH X
f65E , 200 PAV 2L Z 5 S A AT AR S B B T 3
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Fig. 6 Sulfoxide index of the three asphalts before and Fig.7 Carbonyl index of the three asphalts before and

after aging after aging

XiF HE A M 3 R IR 2 D7 RTFOT AL il PAV & 46 22 Jm HEB SE 48 B A A8tk B0 o 3 R JRURE U7 7 v ik 3
FEROAR /N Z N MW >3 IH W 5 >3 G Wi 75 s RTFOT 2 AL J5 , 3 Fl il 77 14 390 5L 48 B0y 1 2 v, L a i 4%
B4 0.029 7.0.042 8 F10.031 9, t SR B 1H Wi 5 19 ¥k 2L 5 B0 K s 32 A K, L5 TG I 755 10 9 R 48 U 2 22 K
WIS L5 LT T R LS B 25 0K Ak SR 2 1T PAV AR 3X 3 R Y B BL S Bk — A 14 0, B i 43 1)
290.0122.0.015 6 F10.009 8,475 8K J& 3 1H W 75 Fie 5 F5 Fh08 W e K, JE 0 I 75 508 [H U0 75 09 Bk B 48 B0z 25 o iE
o N TF < |= Rl = 78 e R L = ST 1 A E DO e S 5k /I =M= = R R Y SR 2 f g u
T B T AL RE 7V T B ER AR BT, BT TH T AL R AR R ARG, A R AR 3 5 I A TR I
A5 HEACUERR (0 (7 PR BN, A2 AFAE — PG L SR 2L R W R E A Ak S EU IH I
) 25 5 0 i Ak S n ek
2.5 ETRAHEERSH(DSC)

K 22w s BV R R U i T TH W B I 7 43 il 282 7 FTROT A PAV 22 {L HIT IS 19 3% 55 A 55 A8
T EE T, K FLAE T, B0H 30 174 5k B 2 A8 31 P A% AkOR D7 HL AR B 38 UE T TH 0 75 1R & WA 4 05 Ak B b I3
B A S A R R LK 6

%6 3HTESEUNENHBURT EEMBEELRETRE

Table 6 Glass transition range and glass transition temperature of three asphalts before and after aging °C
gt ‘ Iﬁ‘iﬁ%fh%jﬁ?{i@l T, ‘
HEHE B IH P myielikes
B 8.01~44.11 8.69 8.85~45.21 9.68 11.82~45.88 16.90
AL 9.68~46.15 10.13 10.91~45.49 14.75 12.66~46.82 17.22
Kb i 11.23~46.86 13.18 12.48-~46.92 17.61 14.85~47.24 19.33

FOLE KL M AR EE VR, 3 I 00 B B8 Ak 5 AR Y BB Y 1) = TR T &R TR B R,
Y 38 A0 AR VR BE A R A TS TRV RR BE B FE L R R RTFOT %4k il PAV 4608 15 75 19 43 F 45 46 72 A48 T 3 4%
SR, DA 25 4 3 4 B 3G ol 52 B 2 8, M40 sC B A 2 ) (R B R/ s RO B T RBE LSIAT
04 5, 38 K T W B BE A T RONIE o R 3 R T 0 B 5 A0 5 AR R R G T R AR 2 B B TH T B B
WAL AR PR B S TREDE, B K225, Kb i AR E (17.61 °C)ix & T 3
JE I 2 05 K Ak 2 )5 B 38 AL L AR TR BE (13,18 °C) , 5 MW 75 48 D e 00 Ak 2 T 10 B0 e A 5 28 3R
P, W H W 7 1 2 A R i TR s .
3 &

B W7 MR 28 7 RTFOT &AL PAV & Ak S5 e 20y 77k B G T 1 B8 A8 Ak et 22 B b o 1 i TR0 7, = il
BE Y RO 7 25 7 RTFOT £ AL A PAV &AL 5 HORS B 238 500 K, 3 B D & R B B3 /R W i AE IR A
B 2 85 ) 5 21 A1 6T B B R 1A A Mk A B e T 4 R R U BT IH U 7 RTFOT £ 4L Fl PAV “E 1kl 2 v, ¥k
FEFE BORN AN L8 #0235 b Tb, H b TR R G T S SR B A B R [ i A B H ST 1 4k
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