May 2022 FLAX AL T
- 192 - Modern Chemical Industry

B R 22 B iR B M X im i B
=2 I B BF 32

KRE' E&A,ZAR A B EWRER KT
(L. Aamit TFRis TSR, R XS 525000
2T AE BRI FEEREEATEEEE, S R RS 5250005
3.0 AR ANIETRE R AL FHZE RS, A KL 525000)

FEE R FH B U1k ) 45 AR A SO R T, T X R I 5R] E26 A1 DWMA J5E A A4 0 0 75 147 4 DA 400 1k 3K
56, WIS R AW, IAGETER] E26 A1 DWMA B028 T 53 ULH /0 00 & 4, W Nl A M ok 2 A2 W B 281k s I 8 Ab s | 6T A
FVIE BE /0N, BRAR R T8 5 55 4 40 0o 43 BOSANR, S AN 75 S I i B 22 3o LR 3, U DWMA. 1570 09 Jie b i M i
LACHG = KPR AN U 4532 A B B/, B R AT/ N B /N, B AP AR BE 1A a8 £26 AR A i 4390 A e vk i 75
KFRIA AN s A MW A 5 s AL IR
FE 5% S . TUS3S XHRFRERD A
DOI: 10.16606/j.cnki.issn0253-4320.2022.05.037

X B HS .0253-4320(2022)05-0192-05

Research on impact of modified spent rubber powder on properties of

warm mix asphalt
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Abstract : Spent rubber powder modified warm mix asphalt is prepared by high-speed shearing method. The short-
term simulated aging test is performed to the modified asphalt added with warm mix agent E26 and DWMA rubber
powder, respectively. Research results indicate that the addition of E26 or DWMA has changed the content of four
components of asphalt, but has no obvious impact on the internal structure of asphalt. After short-term aging, the
penetration and ductility of the asphalt drop while its softening point increase. The mass fraction of aromatics in the
asphalt decreases,and the mass fractions of gum and asphaltene increase. Through comparison among the asphalts with
E26,DWMA and without any warm mixing agent, it is found that the rubber powder modified asphalt with addition of
DWMA warm mixing agent has changed the smallest in three indexes and four components before and after short-term
aging ,and reduce the smallest in functional groups.lt is indicated that the anti-aging ability of the rubber powder modified
asphalt with DWMA warm mixing agent is better than that with warm mix agent E26 and without any warm mixing agent.

Key words : spent rubber powder; rubber powder modified asphalt; short-term aging; warm mixing agent

FENEESH
2022 F5 8

BRI T 2 T 0 G R A4 B A
TR R B PR A A ARSI T X R IH 5
AR [mT SR i L kst 1 4l 95 i deBE
I — B BT Tk A ST 3R,

V256 REAR IR X D T TR A R B 1) 5% ) R R A
TRBIRRIES T L R B A s R E
LA P IAI45  Wang 2613 BF5E T 48 5 ok
AW W = AR I AR R BRI aE A (e L2 A |
P B R T H P MENLBE . Xial* BFSE T A RN
T T A AT Iy el 75 75 14 RE PN S R 45 4 11 5

UL ST T SCHRES M SR PERE R OC R
153 AR R AE W T R K VT TR % S 454, {H R N
I 200°C , 60 min 2% 5 B A 7 FE R, Tan
SIS I A R AR R el T e TR
fie Bre bt Re R A Ae e M s Ok ek D
B IPERE 8 bRk B BRI A LS BB N
3% ~4% , 153 A0 T IR Ry O W A B
ZEEFGIS, R BRI R A T 2l , A5 4 T R
IR AL BRI (R e AR T 2550

BT, (G Mg e e B e e LUR

Y #5 B #A.2021-05-20; & B H #1:2022-03-04
E£ WA . HERHE €5 (2019018013)

EE R kA (1986-) , 3 FE e+, STU0 Ui, 35245 i T /5T, 727187783 @ qq.com; TR ANEE (1985-) , Lo, A+, i S 240 Ui, iff
FET5 1) g [ A% S I S5 R SRR 2R N, 117301165@ qq..com,,



2022 F 5 8

Bl AERR N SR, RBER WG gt —5
B IA) I, P K 0 5 A 5 U AR 0 A 7 o
FER LB A 7=, Wh A5 FE it T B 3738 i 2 98 1 T
VT A RESE B AR IS B A2 770 5 B AR e el 1
Wies b B A i TN S 1k 22 BELASG T AR U 7
J7o WA ER AT AT B AR A R SR B [
Ak ELAT R A A R 55 i RN A PR e, TR R
SR A A — B G

2 3 %) 1 A% AR I T AT R A B g
N0 e/ VL Y/ BL N o8 ey 0 SR vl eV E S
SN EHEE (FT-IR ) FNPUZH 43 73 B (SARA) 230 Hr
T HAOARAE

1 RKEEH

1.1 Rgesre
B W s oL AR R 70" T, HEOR TR
PRanER 1 7R ;40 HARKKY , HPEREFE bRl 3R 2
7 E26 IR FE) (AR A DWMA JEHEH] () |
1 10" HEHRARIERR

MG b WEER  Fdsds Wk
FFABE(25°C) /0.1 mm 69. 3 60~ 80 GB/T 4509
AL/ 48.3 44~57 GB/T 4507
FERE(15°C ) /em 120 >100 GB/T 4508
W I3 43 E % 1.96 <3 GB/T 0425
HERMEAG TS (163°C/5 h) GB/T 5304

ARk % 0.4 <0.8
AR/ % 66.5 =55
JERE/ cm 14.7 =10

&2 40 BEEMIEREIERR

Kzt H e BARSE R HFEWSRES
WKGY/ Y 7.4 <8 GB/T 4498
IR0 % 5.1 <22 GB/T 3516
FIK B A % 0.5 <1 GB/T 5757
&R I SR % 0.02 <0.03 GB/T 9874
BT B % 32.4 =28 GB/T 14837

I T B 58 % 54.2 =25 GB/T 14837

1.2 RIS
B BE I A2 A ( DSY = 030) | Bk Ak 5 W 5 AR
(JSNO101 ) | #iE B ) % 1% ( JSN0201 ) | v JisE Mt 4

K FF RIS RS IERINVHAR - 193 -

(JSNO401) , F41 A g 1T T A vl Ak T AR A BR A
Al A AR 2T A ( Nicolet 6700 %) |
5 [ B B IR B A ) A TR AP B3 B AR
(STA449F3 AY) | fE [ i Bt 28 7] A 77 5 382 635 53
{ (TATROSCANMK -6s A1) | H ASHERR 2N 7] AR 7
1.3 KEAHE
1.3.1 BRI A 695 &

OFRIC—E f2E (13 5T 75 7E 130°C HEAR o #k
S BIPIRAS ; @ JE LA I A3 58 590 1 s 75 1
Ky B FEE 5] N e R I AL R i 5 o, 45
TR EE 2 180~ 190°C ,4 500 r/min 53 87 4] 45 min;;
DX L AR I W 7 BB TR K 1 by B
BT 4% LM A FE R IF 70 B 10 min 15
PRI DT .
1.3.2 4Lk

FKHI GB/T 5304 A8 ¢ I 75 4 il 247 e 4 Jod 10
PEA K BN (163 +£1)°C, i FE & R (50 +
0.5) g,BEZA 300 min,
1.3.3 = KRIBHRE

Bt AJE R GB/T 4509 H iR 7 it 4+ A
B it oA (100£0.05) g, R R (25+0. 1) °C , B}
B4 5 s,

Ak 5. R GB/T 4507 1 BT i 77 1 38 4%
fbssi,

FERE R FH GB/T 4508 T ik 77 1k ikl 5°C 4E
B RHEHE A 1 em/min,
1.3.4 w5iXik

I A 2 0035 43 B 4SO AR RS 0 7 AR A N
J5 B AT AT E | VU Ay A & i
SRR T A — 3
1.3.5 4rofkigiie

(1) UL (CCL) i FPE 0.1 g BerEd
FER T TR T 2 mL CCL, il (2) e 2
I T 2 TR TRARSR (KBr) f A b, T, (3) &%
BRI ] 400 ~4 000 em™, FHIEUEH 32
W PERN 4 em™  RERE

2 HREITE

2.1 Z2HRTEERFHEREE=XERN
EACHT AN 9 2 AL Je AR 0 7 M E26 i E AR

JEi T DWMA TR AR I 7 B BE AR AL i

FEFEMNAZ R AN 3~ 5 s,



- 194 - FAX AL L

£3 ZUNERHMBERSEHNE

AL A, BAUREARE/

RS FAE
0.1 mm 0.1 mm
BB 46.7 45.3 0.97
2% E26 B H 59.4 57. 1 0.96
0. 4% DWMA Wi 5 42.0 41.2 0.98

x4 ZUBNBKRMBEEIERES
E AR/ AV A L /S VA N

C C i/ C
BB 68. 0 69. 8 1.8
2% E26 I H 71.8 78.5 6.7
0. 4% DWMA Wi 5 67.8 70.5 2.7

x5 ZUMBERHMBIERIEEE(5C)
CAWIEREE, 2SR/

IR LS T L
em cm
i 3ialinsy 5.0 4.4 0. 88
2% E26 BT 5.5 4.9 0. 89
0. 4% DWMA Wi 5.2 5.1 0.98

t# 3 nT LA 3 B il i s s £ A
B AR RN X8 Tt sk s Wi b
R SRR G B O B oy 25 RS T AR 22
Wit AR 5T NP AR 25 44 K A DR e 780 381 37
WP R R 5 A X L B AL RT S B AR [L, TR
fin DWMA JFERG , B E A B2/

H R 4 al, AR b S AR A P e, 3%
BT 21 43 TP /N a3 W I/ e I N I 5 1
O S EUCRE  , NEBAh A R A A S U Ak A R
e AT EAETE A S AR AL A E26 R
J&i , & AT R B S AR e R, B R A A R
e

M 5 AL, Sk RT e , a0 AL S B AR
N, KR RO IR A B rh itk — 2D AR HE AR I
Wi P MRt 7 51 KRR 43— 5 2 1] 1) By 24 R0 52
K, FECA LR N A R G 05 A5 A 43 53k
b EAUE BRI I T A HE JR A R, H 1 B AR
TR AEREAS /N N EACET S A LT A B
Jin DWMA SRR 5530 28 A0 5 X 75 4 Rk 52 ) 45
N BN AJEFER] DWMA AT $2 m g e s 14
kit

FENEESH

2.2 LMEIES

2.2.1 BHA E26 % DWMA 489853 44
AR PE ) E26 AR AT FER] DWMA (941 4h

Sk EmE 1 iR,

100

80
6{)_
40+

B RI%

20

0_
4000 3500 3000 2500 2000 1500 1000 500
WeB/em

(a)E26

1570 1\470

40 L . . . L L
4000 3500 3000 2500 2000 1500 1000 500
/em™!

(b) DWMA
K1 E26 DWMA i+ e 21 4 ki A

1 AT LIE ) E26 il DWMA & A kit G5
12 IR A Z R —CH 41, 7E 3 300 em™
AbAE BRI B—OH FRIER I 2 927 em™ 1 2 860 cm ™'
Ab R AT 473 531) A IV FRY R C—H e %) el 45 9 Bl R e 4
1) C—H PR3N 5 1A, 1 650 em™ fffil > C=0
W IS U | 126 15 ] A I BRI 5 T DWMA, E26
1 DWMA Y7E 1 470 em™" b4 BH 5 1% W Wig i | Ay e
SR G DT E—CH, FI—CH, p925 iiyRsh, Al i
Wi TR E E26 A1 DWMA 284 i Iy 15 e 2 it
L O AR AR B PR 4 3 5 AR AR M A S Sl A
53, —OH S5 F R o B 2K SE 1A
2.2.2  ZALHTB A B I F L ok 5 AT

EAR T A ot W R £ AR’ 2
Fiis

SN
1120 1060

1641
1468 \1394

2858

2922

4000 3500 3000 2500 2000 1500 1000 500
BB/ em!

1—RR BT 52—2% E26 W7 ;3—0. 4% DWMA I 75

B2 ARl o B & s ot i



2022 F 5 8

L2 AT A AR AR W A A6
FRI], B A B B IR S0 AR RN BE & 1 A2 B g AT 3
Tyl C—H fREIA C—C B2EIES, C—H k3
35 C—H s8R 3h (WUIELE 3 000~2 850 cm ™' T [l
W) A C—H 28RS0 (1 460 em™ F1 1 370 em™ [ff
i), A, C—C B RHR BN W H BRAE 1100 ~
1 020 e 'Y, BRER AU (C=C) R M4E IR 3%
Wi =35 Y PRAE 1 700~ 1 370 em™ JE N, T 5 7
W C=C {45 ¥z 2l W Ue e 3= 22 1 B AE 1 610~
1370 em™ U A, X2 H T w- LA R FE
N R (R ) C—H 1 A 25 il AR sh AR X
Fase, EZAE 965 em ™' Ab; BRI (—C=0—) M1
FEHBIAE 1 800~1 650 em™ X [H]1

Wi AR PR W AR S 2T AN an 1 3
fin, B3R LIAH,1 394 1 468 .2 858 cm™

12922 em™ AbA] WL Wi, Hodt 1 394 em™!
100

90 “ | 154{ \1468
2858

2922

80

4000 3500 3000 2500 2000 1500 1000 500
/em™!

| —ZHTR I W T s 2— BRI E
() BRI &

100

801

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
BB/ em

1—2ALHT E26 BT 2—& )5 E26 R T
(b) E26 1R &

100

i 7N
F 1641
90 s 1468

_—
2922

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

/em™!
1—Z AL DWMA ARBEVIT ;2—EALST DWMA ARHE I 77
(¢) DWMA IR BET

B3 HALHJE BOm B IR I F A ot A

K FF RIS RS IERINVHAR - 195 -

1468 ecm™ J@ T W 5 (—CH,) & i #x 3. [A B,
2 858 cm™' Kb AW ST 2 Fh e KR 1) C—H {1 4 i 5
FIHEAY,2 923 em™ &b IR G R 3k C—H
A IR TR A5 1 060 em™ F1 1 120 em™ &by
C—C HE PRI  FE 1 641 em™ P K AL IR
W F e i ( C==0 i) #i a5 I ,3 148 em ™' Ab
—OH W i

ZEA TR RFEAS I W T Ry R
S5t IR, = Z B b RN,

i P 3 % AT A B, AN SR AR I W T A
PN IMTELRE AR B 0 7 A0 T 18 R AT 0 114 07 8 ik
A A, BRI B WA R AR, T
2922 em™ 1 2 858 cm™" &b 1A B S 1 W A UG 24T A
JrEs, M 3 (c) FRTLLE 1, DWMA i #1445 %
WITFAE 1641 em™ LUK 1 468 em™" &b iyl & i /b |
VLA S0 R T HAE e R m iR
M 3 (b) AT LAA Y, 26 PRI W & 1 T
1645 em™ J2 1 651 em™" &b 11435k 3 A 45 1 W 1Ag 1 S
AARGEN T — 8 X T 2 R ol 1 oK
Pt TR FWROE LT Al %L, A 3R A A
RN, A 3 EE 5y B A bR ROV AE RS TR
it b e S 75 ) & A W R DL R B S 40 B 4
FRE, ST B A 2 4y AR DT A W
o S EH RS L M2 76
B KA b B A A RE | HE BT R T AR Ak AT
VAN
2.3 MAHSH

B RS R A& 6 Fis

Fo6 HRBTHSMKER w/ %
Wi R WRG O5ES O KR WER
BTN T 6.10  21.03  43.51  29.36
EAE BN 6.49  18.75  45.49  30.28
EALHT E26 BRI 5.47  22.37  41.09  31.07
EAUJE £26 BB E 5.94  19.34  41.38  33.34

EALET DWMA BT 6.02 22.00  40.42  31.57
ZAbJ5 DWMA B WiH  6.88 21.00  40.03  32.09

M 6 T 1, ZAL AT, n A 55 E26 o
DWMA PRI 7 Hh 55 4 7 ) R 0 B s 1 A
AR AR T |, P75 BT B o B AR
G EOT IR T W, W S T A i E 4]
AR F-E5H SN T W A Ry, 51 A T
B EHAER . B RIS AR



- 196 - FAX AL L

Wids 25 & o3 W s/ B A B 3 & i
AR FEF] E26 5% DWMA J& , M40 AH AL AR 28 IR 3
W B -55 HC B A AR B ) 404, U R R A R A
V18 S E 4 5O N TR 1 79 B R 4 il T I A U
T2 I], BT Wi A i e SR AR 4 v T TR
BRI EBCEEE T . WIS 5 AR IS 7281k
ATLLE I AJEFER DWMA | ZALET S R4 55
A3 BT RN I 7 504 AR AR H /0N Uk B i i )
DWMA 4T & LRE IR T IniEFER £26, S5
LI B = KR HRINE (1 25 5 — 3,

3 it

()AL 5 h 5,3 Rl & AR S0,
AL IR, SIE BE FRAIG TN I DWMA JRFER S, #1k
JE Wi = RKARbRRE AN, BL A R & T Ak
fET1,

(2) L LLAME A5y, S IR PR £26 A1
DWMA J& , Wi & PB4 A B B 1 fk 248 1k, B fE
P ) 57 A AR Ak, FUR AR U AR 2, WS 0es 1 5
FERI I

(3) BB UMD E L RS F G R
N 3 (50 B) 2 A W 24 5 T DU 2H 0 1) B i o B
AT AR 3E = AR AR B DU K Y 2 T A A 4R
R B, TR R DWMA gt & Akie i IL T
TR AR £26 FIARB IR FER AR .

S 3k

[1] Wen Y,Liu Q,Chen L.Review and comparison of methods to assess

the storage stability of terminal blend rubberized asphalt binders

(L% 191 1)

[14] Jiande C, Feng Z, Shao J, et al. Interfacial interaction between
FeOOH and NiFe LDH to modulate the local electronic structure for
enhanced OER electrocatalysis [ J ]. ACS Catal, 2018, 8. 11342~
11351.

[15] Séren D, Fabio D, Malte K, et al.Molecular understanding of the im-
pact of saline contaminants and alkaline pH on NiFe layered double
hydroxide oxygen evolution catalysts [ J ]. ACS Catal, 2021, 11:
6800-6809.

[16] Anil A K, Chia-Hui Y, Kum-Yi C, et al. Binder-free
heterostructured NiFe,O,/NiFe LDH nanosheet composite electro-

catalysts for oxygen evolution reactions [ J ]. ACS Appl Energy

FENEESH

[J].Constr Build Mater,2020,258 : 119586.

[2] Nanjegowda V H, Biligiri K P. Recyclability of rubber in asphalt
roadway systems: A review of applied research and advancement in
technology[ J].Resour Conserv Recycl,2020,155;104655.

[3] Wang G Q, Wang X Q, Lv S T. Laboratory investigation of
rubberized asphalt using high-content rubber powder[ J ] .Materials,
2020,13(19) :4437-4437.

[4] Xia C Y,Chen M Y,Geng ] G.Swelling and degradation character-
istics of crumb rubber modified asphalt during processing[ J].Math-
ematical Problems in Engineering,2021,20(21) :1125-1136.

[5] Tan Z H,Wang J J,Shi Z N.Laboratory investigation on effects of
organic montmorillonite on performance of crumb rubber modified
asphalt[ J]. Journal of Central South University, 2021,27 (12) ;
3888-3898.

(6] T4, 25 . 3k T 1E A8 i 30 A RS /K A B JBoms e PR 0 75 T
EEEWIEL)] A% ,2021,66(1) :273-279.

[7] FEAEE RS T ST R &R BT [ D] A F AR
K, 2015.

[8] Zhou T,Kabir S F,Cao L, et al.Comparing effffects of physisorption
and chemisorption of bio-oil onto rubber particles in asphalt[ J].]J
Clean Prod,2020,273.123112.

(9] Wi PG DI MR BRI PR [ D] KD . RIPH T
K2£,2017.

[10] HoRE BRI QI KM iR & B i r 52 [ D)./
AR RS ,2019.

[11] BEAE IR U T RS B e b SRR PEREFE [ D]
SO TR, 2019.

[12] Li B,Huang W, Tang N, et al. Evolution of components distribution
and its effffect on low temperature properties of terminal blend rub-
berized asphalt binder [ J]. Constr Build Mater, 2017, 136: 598~
608.

[13] Hou X, Lv S, Chen, Z. Applications of Fourier transform infrared
spectroscopy technologies on asphalt materials [ J |. Measurement ,

2018,121:304-316.1

Mater,2020,3:10831-10840.

[17] Yuan F,Zhang E,Liu Z,et al.Hollow CoS, nanoparticles grown on
FeCo-LDH microtubes for enhanced electrocatalytic performances
for the oxygen evolution reaction [ J]. ACS Appl Energy Mater,
2021,4:12211-12223.

[18] Zhou Q, Chen Y, Zhao G, et al. Active-site-enriched iron-doped
nickel/cobalt hydroxide nanosheets for enhanced oxygen evolution
reaction[ J].ACS Catal ,2018,8:5382-5390.

[19] Yu L, Wu L, McElhenny B, et al. Ultrafast room-temperature
synthesis of porous s-doped Ni/Fe (oxy) hydroxide electrodes for
oxygen evolution catalysis in seawater splitting[ J].Energy Environ

Sei,2020,13:3439-3446. 1



