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Research Progress on Warm Mix Asphalt Technologies
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Abstract: Due to its preparation and construction process being under relatively high temperature , traditional hot mix as-
phalt would result in not only a lot of energy consumption but also serious environmental pollution. Therefore, how to reduce
the mixing temperature of asphalt mixture, as well as decrease environmental pollution and energy consumption, has become
a common scientific issue and a technical hotspot for the researchers in road engineering area. The emergence of warm mix
asphalt (WMA) has provided a novel and efficient solution for this technical problem. In the present work, the development
history of WMA was introduced comprehensively. The warm mixing technologies existed worldwide and their technical mecha-
nisms were summarized. The pavement performance of WMA was evaluated, and its novel preparation technologies and pro-
gress were described. It is in the hope that this paper could be helpful for the engineers to utilize the warm mixing technolo-
gies properly in designing asphalt mixtures and researchers to explore the new methods and directions of warm mixing tech-
nologies.
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LR, WL, ARSCE S R G Sk gE R, X 45 Fh
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faps . s | EPEEAR | B HMERR L S I R kR
2 BEHIEREH

WMA 119 J7 52 f AT LGB W 21 1928 4ETEE N August
HOE I & LRI R0 1956 4F, BfpteM 7K
221 Ladis 2245 K 2508 A S GH FhIE BL T IR W
F 1968 4F, SE[E I F /N ] (Mobil Inc. ) 318 T HI¥
KARBKZES I L AR Z LR 1970 45, %
[ FEFEA A 5] ( Conoco Inc. ) #6545 T WMA RO 4 UEA
VPR, PR T WMA MSZBE 5
1977 45, BEE R KRB AR W e, 2L 7 % 25 B
FHT 414 WMA™; 1980 ~ 2000 4 i), D)3 [ 5% /A 7
(Shell Inc. ) AARF A RR SEF A ALAA Fifi S2 T & T 4 0K U 75
IRARHEFHE ARG N, FETF L T 2 ik-I s &,
R AR T R IR A R B AR T SR

HEA 21 e DIk, BRI R AR . W/ R
BREEER T OR TR — AT L e 7 e B 7R S B
i, EWNSMEE L T 2P, 2004 4, &K
KIRFEBI R B, 0 Aspha-min®® | W5, E NS EH
WA T RGPS AL ISR FEBIF, W Evo-
therm®, Sasobit®Z: ' 2006 4ELVE, EEEZRWH T
L (NCAT) FIZE 23 A MEDF ST 4141 (NCHRP ) 35 22 K 3
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Table 1 A brief development history of warm mix asphalt technol-

ogies !>
Year Development People/Institute
1928 Foam asphalt patent August Jacob
1956 Steam foam asphalt Ladis Csanyi
1968 Cold water foam asphalt Mobil Inc.
1970 Market license of foam asphalt Conoco Inc.

1977 Emulsified warm mix asphalt Chevron Inc.

1995 Foamed warm mix asphalt Shell Inc.
2004 Aspha-min® Eurovia & MHI
Evotherm® Meadwestvaco
2005
Sasobit® Sasol
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Mechanism illustration of foam-based warm mixing technology[lg]
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Table 2 Foam-based warm mix additives!!'!- 0-3%]

FIA) B, SRARHHE AR AT RAE 40 C UL L, AT - . —
: Additive Institute Dosage

2)30%IREFE " . ADVERA®JEIE PQ 23w L7 ) —Fl temperature/
A 7 e - ® i Th A HH AP . N

AR, 5 Aspha-min® BIDIREARML, DOHIAE T WMA-Foam® KST ely.;’l‘i Water-based 110~120
ADVERA®WMA FPRIAZH AN (/NTF 75 wm), R EH olo-Veidekke
K, HBEPAIFRIKE] 0.25%, SR, #4255 K B Aspha-min®  Eurovia & MHT  0.30wt% of mixture 130~140
hFEE KRS S KR A , BT IR A R ADVERA® PQ USA 0.25wt% of mixture 130~ 140
A 72 A B0 LEA® LEA 0.30wt% of binder <100

WMA-Foam® 258\ w) FHRE 7E3% 23 1 ( Kolo- Veidekke ) LEAB® BAM 0.10wt% of binder 90

REHFEMDIEFIREGRHEFEE A . ZBEARMZ LR LT Asphalt Nynas 1.00wt% of binder 90
PAFPA [ E"J/}ﬁ%z , ﬁ%’l%ikﬁﬁdﬁ%zlﬁ%**ff 110 C A4 Barrel Green Astec Water-based 100~110
A, MRERiE SERE —EREE; RIE KL LCAP Haichuan  0.30wi% of mixture 130~ 140
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Surfactant warm mixing
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Fig. 2 Mechanism illustration of surfactant-based warm mixing technology
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FIRGEHEG R, BRI SRR 5P S, MRk
BEVATE IR W R, DA 7E KA TR A5 e HRE G 1R EE 174 [ ) 42
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ERR AR R ISR (AN EK Gy, R SR U o
TR | 0 0 A Rk R] A 2% T 5K g DLk B0 1Y
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Ceca-base RT® J2&: 15 [8] Arkema 2% &) 42 7% i — Fl LA 6
TG PR R 3 HAS &K 73 S B3, Hs il 2
T 0.20% ~0.30%, FIFE 100 CAEAT SLIWITT IR AR
FEA ML AN, gk CcoCo £ H I & Y Hypertherm/
Qualitherm“ﬂ FA 2% Akzo Nobel 2 %) WF & H) Rediset
WX ®H 1 S LA 3R T3 4 751 o S ) S B 7

ki Evotherm®?ﬁ?¥%%lwfli‘:“j‘]j(jj?&r s PIH A =
) WMA HA 5 R FERCR 5 i EgE, 51E TEW
VL mi . i & IR R e, b AT b 4T T AH
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AR HTERER WMA
F3 REEMESBREHF -4

Table 3 Surfactant-based warm mix additives!'?- 34!

Additive e e €
Evotherm® Meadwestvaco 0.60 85~115
Ceca-base RT® Arkema 0.20~0.30 90~ 100
Hypertherm/Qualitherm  COCO 0.20~0.30 120
Rediset WMX® Akzo Nobel 0.50~1.00 120~130
SYDK IMUT 0.60 100~ 120

3.3 ANMEEHEEHRAR

W BT Ak, il R LAR U4 73 5 SO
AL, GRSy, J5 Aoy TP B, TR
FEE, WE BUR G5 R R LA TR A%, ST W A
TEWITE R, 28 0 SN HOE U A, e e 80T 55
B oA A G h e A HLEER SRR R
PUBRME IR FEBIFR] , RE A S5 3 800 5 1Ak
TE R AR PF R PR B R A T, 38 W i 4l
S, AR BORG B RS R PR AR HAEAR A
PN 3 fs

Organic warm mixing
Wax for viscosity reduction

Non polar —=

nad
T

Sllls _ Adhesion #7770
) e 2 : promoter [ X
g <+ ; = o 2g
g ¥ @ ‘5
3 goo MeCCal

K3 AL PSR Y 5T ]

Fig. 3 Mechanism illustration of organic-based warm mixing technology
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R FHAE 22 B A HLRERS ST PE B v, (AL a7

1% %] Romonta 2 7] 1 ASphaltan—B®?§12ﬁ5EfJ%ﬂ , JE—Fh
MRS 5 = IR TR G, SRR 99 ¢, HAEWH
HE R R DL 4 RS R B Bk 2R PR R L R
FHYEREY 5 Sasobit® AUAMIEL . 18 Clariant 23 &) )
Licomont BS®HFEBIH], E—FIRIIREIILAY, BE
AR Y 3.00% , (AILHE S8 (2920 140 °C), FEAR
WE AR A IR A FR ) h E HA R BFIT
Be (KICT) Y Leadcap® TPEIR, SR EORCR K 2T
A HIA S 100~ 115 C, BINJE A SC S R4
BHE 100~ 110 C FHEA .

eAh, & E WA & T £ R0 A HLRE RS SR P B,
Haichuan 2% 8] 76 & K R B R 09 38t L, #FE—FH K
T EC-120 AHLEER IR FEBI A, & 2 — ORIk 1 K
BERRWI AL W, K5 TE 94~ 114 CZ 0], B8 T
) 3.50% ~5.00% , AT LA 35 R A 0 A 58 A
230 C1, SEIB HE A BRI ST BE (RIOH of China)
AR RH-WMA, & —FREEKERFLN, HEEY
HPETE R 4.00%, 1E 130 CF AHFESHHE IR AR
FHIPEfE 5% 8 HMA f9RE 4

K4 EHBEMIGRRBF 12 54

Table 4 Organic-based warm mix additives!'?- +5-4%!
Additive Institute in b]izl(zls:rg/cwt% templ\e/[j:liji/ C
Sasobit® Sasol 2.50 85~115

Asphaltan—B® Romonta 2.50 90~ 100
Licomont BS® Clariant 3.00 120

Leadcap® KICT 3.00 100~110

RH-WMA RIOH of China 3.00 130~ 150
EC-120 Haichuan 3.00 130~ 150

BRI, B TR AR AR S SRk
20 ZFp, TR E M IRPEHAGE B 5 - TH - AR B
S EPREREA LA, MEREAHE, Hic 258 i
TYHASTH ., BRAG” 5 AEE.

4 BEHEIEREPMEAERE

WIEIRA R YRR RBURME | 3 UK
PCRRBREMEAPUICE M) | KEEd, &5 H
WMA 5 HMA (i FHPEREXT LG5 SR 27

EERHE R DITR GBS IR, 7R B
(VMA) | Wi HRFIEE (VFA) SE R B A8 br . IRFEBIF
BT LAREAIE VMA F1 VEA, T4 & i IR A R %
W E RS, (AL 5 PRl LIE H, WMA #1 HMA

AR BRI Z A B 25

x5 EBEHISREANMEABISZREERNEAMETILES
%[ 11-15, 27-48]

Table 5 The comparison results of pavement performance between

WMA and HMA!-15. 277481

Additive Ch:;)iltl:;m Anti-rutting  Anti-crack Anti-moisture

WMA-Foam® o ! © !
Aspha-min® 7 N N 1
ADVERA® “ \ N 1
Asphaltan-B® o \ N !
LEA® “ 7 1 1
Evotherm® « \ 7 “
Ceca-base RT® o \ 7 7
Rediset® “ \ 7 7

Sasobit® © 1 N N

Note: T —increase, | —decrease,<>—no significant effect, /'—slightly

increase , \—slightly decrease

TR, R AR E IR U R A R R
NIRRT M RE T sh R R i s AR
FROAI R RAE ; PR 57 I HME R AR W IR A RHE IR
RRPUE ST FF AR, R i R A i 9 T
Mgk R AE, RE S WA, T HMA, WMA
(10 Il P U R AT TR BN, S K R IR 2
f) Aspha-min® | ADVERA® F1 2 Ifif i 25 19 Evotherm® |
Rediset® i WMA {14755 A Ve /MR R [ 1R 7K 3%
AR WMA-Foam® W & 25 FEAK 1 90 7 1R 45 B 04 w1 1L R
SEME, A, A PR Sasobit® 42 55 T W IR S BN
AR R, I WMA (9 fIGIR 5T T 244 745 A ) R 3 1
TR,

IKFGSE IR W T 1R B BHE 32 KA HT IR BT IR 1y
Aey, FEGEEAGKE | URRIE AR R RAE, AR
TR 3 R Bl 3R 0T 10 TR AR K R P Y R e 4 AN A
[l &K & HFFEK 25 Aspha-min® Fl ADVERA® | AL
RS2 Asphaltan-B® Fl Sasobit® 23 {ff I 75 1R 4 K 4 /K
Rt T e, (R, R HE 2 Ceca-base RT® I
Rediset® 2/NMig 4 T+ WMA 7K Fa & ¥, Evotherm® (1 5%
M A B 2

£ o N N i 9 2 53U S B2 N T T 5
H WMA W HEREA R, 5 HMA AHE, WMA F4RFH
Rt AL & ARE AR S MRS R T S R R, AR
PRI KA E T 2 IR B4, (HE R,
BRI BE 1T B 1 FE A DG R FLIE R
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Fig. 4 Geopolymer-based warm mixing technology
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