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ABSTRACT

A cold mix asphalt (CMA) treatment process was proposed as a tool to recycle soils contaminated with petroleum
hydrocarbons. Experimental studies were conducted to characterize performances of the CMA process in treating soils
contaminated with diesel or diesel compounds. From the screening experiments, it was found that performances of five
types of asphalt emulsions that contained a cationic or an anionic or a nonionic surfactant were not substantially different.
In consideration of higher affinity for soils and higher sorption coefficients obtained, an emulsion containing Lauryl
Dimethyl Benzyl Ammonium Chloride (LDBAC) was selected as a promising asphalt emulsion for treating diesel-
contaminated soils. When the asphalt emulsion LDBAC was applied to treat three compounds that originated from diesel,
the removal efficiencies obtained in the order of decreasing efficiencies were as follows: docosane > pentadecane >
undecane. Leaching experiments on the specimen formulated by the emulsion LDBAC found that the selected treatment
method could treat soils with diesel concentrations as high as 10,000 mg/kg. Leaching of the diesel from the specimen was
controlled by diffusion for the first four days and then leaching rate diminished substantially. The latter behavior was
characterized as depletion, which represents that the contaminant released amounts to more than 50% of the total amount
of the contaminant that can be leached. The amounts of three diesel compounds leached from the specimen in the order of
decreasing amount were undecane, pentadecane, and docosane. The curing of the soil contaminated with pentadecane was
relatively slow.

Key words : Cold Mix Asphalt, asphalt emulsion, diesel, undecane, pentadecane, docosane, surfactant, linear sorption,
leaching
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Table 1. Properties of Diesel

Property Value
Density (g/ml) 0.84
Vapor Pressure (mm Hg) 0.2
Aqueous Solubility (mg/l) 0.03
Diffusion coefficient in air (cm¥sec) 4.63%10?
e o
Log organic carbon-water partition coefficient 304

(Vkg)
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Table 2. Properties of Three Diesel Compounds
. Compounds Undecane | Pentadecane | Docosane
Properties
Phase Liquid Liquid Solid
No. of Carbon cl C15 Cc22
Molecular
Weight 156.31 212.42 310.61
Ko 714,000 17,400,000 | 110,000,000
Log Kow 6.054 7.441 8.242
Water
Solubility (mg/l) 0.044 0.00008 -
Dair (cm%/s) 0.047 0.039 -
Dwater (cm?/s) 5.31E-06 4.43E-06 -
Henry's law
Constant 1.9X10 0.0046 >E-04
(atm-m>/mol)
Vapour Pressure 03914 | 0011628 -
(mm Hg)
Table 3. Five Types of Asphalt Emulsion
CMC of
Type Surfactant Used HLB of Surfactant
Surfactant
(%)
Emulsion Stearyl Trimethy! 0.0489
STAC . |Ammonium Chloride] ~ ‘
——  Cationic Lol Dimethvl
Emulsion | Group th:z};/l umethy
LDBAC Ammonium Chloride
Emulsion | Anionic Sodium Polyoxyeth-
SPAAS | Group ylene 0.0448
Alkyl Aryl Sulfate
Emulsion Stearyl Amine Ethyl+
SAEO  |Nonionic ene Oxide 153 0.0476
Emulsion |Group  |Lauryl Amine Ethyl-
LAEO ene Oxide 156 0.0423

*HLB(Hydrophilic Lipophilic Balance)

=]

O = I2v
B e B

FeAo] vy =2(HF C10-C28, bp. 200-
370°C) 7ol Ywtdoz tAojelal At} tlde] zp
Agt AAd]] thaiAe Table 191 VFERNICH

HAd A RS 3% B F AL S 2 A
e A SRHES AYste oATE odHo 9
gk gAde] ARG AAdE A} St Table
= FHA s3] SA4dolth

OIATE o]UHL ofATES} {3|AlHEA+EHE
colloid mill Wollq &35l A28, Colloid mill W
9] 3Ark= H31 6,000 ipme] T TAGREE AF
3l olAFEES gl Al ARE FIAA okt

E o]ZAE AXIIEE 0. ok BE, £, AUEA

Journal of KoSSGE Vol. 9, No. 4, pp. 24~31, 2004

Ao} B 60:39:12 KGIT Pole, Lol wioleA)
ARSIAZ o} g-5le] AZ3} 71x| orBE|HAHL E
A3 Table 390 VEhd i} 2t}

22. .| MHs A

20 ml vials WHSRE 0]83l] opiBE o]
g EQil v 2 7EA] YAsREES] A
At viael] Tk F5(5,500-76,000 mg/kg)E
EQ 158 YT F 0.12ml9) oABE o]
7tatq AR nEks AAEE F 24xRFEF ST
oo oF 24mle] Eol2FE viald] Y
pme] £EZ 1842417t 2t tumblers: 0|83
AN IXFES AAEIE FEAS A

Al 5 ml9] Bo|&E F8le 502 wiksld
‘?4

kil

(o]

o
o

25 ANEIT. 329 a84S
Edw of~3E o]dd glo] thll T YAsiFETRS
T3 & (control 1)7 ORAFE o]EA glo] B
T OANRE 29 Byt X33 glz(control 2)°)
gt AEE AAEATE F2H W] QHEEHE T
hexane& ©]-&3l F=3 H ¥, GCFID (HP 6890y
0|83l BB WREFEZZE ortho-terphenylS-
o}-8-5}h.

2.3. BEAME

A TR B5(5,000-20,000 mgkg)e) ©A 2 o)Al
RIEE odE EY 1300l 7.5 mie] okABE o]HA
S 9 - EF - YSSE 500 ml B3)9] glass bottle 3f
ol F&AZ] 3 7Y Bt S AT T g
7ol 8E5S BES] A8te] dynamic leaching
tests THSAH Bo|2FE FEH0F TR oH
FZoo] Rue} u¥y)E FHA] HIE 10£0.2 cmZ
A o] ANSI16.1'09] HPZ7AE FARE Zelt). Fdo
O3 QEEAY 418 HASRE] 31 zero headspace
£ FA39 aluminum foilo] F-2E polypropylene
capRE §-3719H] HES AT 30min, 1hr,
12hr, 24hr, 2day, 4day, 7day, 1lday, 17day, 24day®]
£OF 100 ml I FEAS FHon, ZF F2
AFA Fo F20L HEal M2E HolerE FYUst
Fet FEAU YA = tAlsRtE shie AE W
Hog Z4sisit.

2.4, MEZHD BN

24.1. B AA AFE Y



Cold Mix Asphalt2 #2]$t T} 2@ EYe] 2 2 8254 27

_olaE ofaige) oigh T 3 skl A
BRI S0 AT Bl Zch AAY ez
o o AEee 2BERY SECSY TRyl 49

Wig 1o o] 4 ()g olgsled YBFHoE A

Ase wBSIY.

g=K C ey

ng

o714, g = o|BH FHEHT AAE LFdEde] =
(mg/kg)
K = AEEZA S (1/kg)

CMA #2j¥l Effidle] oA 9 bAdsigtee] 75

< §EREE o83l siMEiTt. 1AF Fickian 2414
AEERE 7S o asiAelAe] 822 oll9l
A 8 2ol BEE & AT, 4 2 27elhe A
H71E 8 La=do] EAeHA] 1 LFEE S A
ol FFshAl 3250 glom, 14 T4 s 8%
o] WA¥she ARFESE A0 kL et

% [4D0bsj tO.S (2)

M, nL2

714, M, = A7 oA 828 2L AEZ9] U(my)
M, = TFH7 20X 27 3 LEEAY F5F
(mg)
1 = AZkEs)
L = A& o9 HEFHH] H)(cm)
Daope = 2HE 7] Z2HAG (cm¥s)

7E—].E-7] :Q_'L 7‘ﬂT(Dobs)— /}4 (3)"’]' %LO] Tl"_g- ﬂ'ﬁ]T(D)
£ T3l A% AQAFE e @l "o
De
Dobs: 1+Kp (3)

2 BPIA K= TR FEAFE 4 ()EFE T3
A Kgel of~BE oA FAFS FalA 78 5 9

Kp: K D (4)

S3AT(kg)
K, = TZ]‘T_ AT
D = 15 kglCRZE o8 U3

3. Zz o &

3.1. OfAZE oMol o3t ClE&lEtEel XA

A A AP 52 VA FFY oBE o™
o Wl HHe| o]dHS sk A
o|At}. Fig. 12 TAE 0.12ml) 02 FYUE 74|
ojEdol o3t A AASS 2|0 E FEHE YE
W ot} vzt Al5e] A9-Eo 453 2 A=
AEL OAERE oHHe| EY v AA Ee 1A
Slol] EIHYL BoFEr) 5,500 mghkglE L9 EY
9] 7 oR~FE o]HH] xq7P°ﬂ o3l 271552 99%
oS A e E A%iﬂ CAEEE 32,000
mg/kgl 2 STMIAE IF-E 95% ode] AALE Ur
Hile 3& E 4 vk q As7} 32000mg/kg— *
3PHA ojHA Hrle] ot ﬂlﬂ 2 @A3] st
80,000 mg/kg A2 B AATE 53-68%2 FAash=
e E 5 doh A 01“”7@011 E}E AAEY zole
A 37 oy ek QYESY A¢ oldd
LAEO°] ©J3t Ag|&go| th& o]EH9] —rPJ:} ok
EO AL B 4 U} o) Table 39 VRt ule} 2
o] ojdd LAEOo AM-E AHEAdA|(Lauryl Amine
Ethylene Oxide)®] critical micelle concentration (CMC)
o] Ajdog o} o] B %] micelle A Aol
71918+ Ao 2w HeTh

& Emulsion LDOBAC
-X—Emuision  SPAAS

—-Control |
{water+diesel)

-~y Controf {1
(water/soil+ diesel) —O—Emulsion SAEQ

~{}-Emuision STAC —X-Emulsion LAEO

100 —X S
?@X

1y
2
< 75
> %\
Q X
Lo
5 T
£ 50
L
©
>
£
E 25
@

0

0 20000 40000 60000 80000

Initial Conc. of Diesel in Soil (mg/kg)

Fig. 1. Removal of Diesel in Soils by Five Types of Asphalt
Emulsion
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Fig. 3. Release of Diesel from the Soil Treated with a CMA Emulsion LDBAC.
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Table 5. Partition Coefficient (K;) Obtained for Three Diesel
Compounds

Compounds K,
Undecane 1.70
Pentadecane 2.10
Docosane 7.95
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Table 6. Observed Diffusivities of Diesel in Soils Treated by
Asphalt Emulsion LDBAC
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Fig. 5. Release of Undecane from the Soil Treated with a CMA
Emulsion LDBAC.
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