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Compound Surfactants(SDS/Tw—-80 ) Effects on the Solubilization and Washing of Long—chain Alkyl from the

Diesel Oil Contaminated Soil
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(1.College of Water Science, Beijing Normal University, Beijing 100875, China; 2.Chinese Research Academy of Environmental Science,
Beijing 100012, China)

Abstract: Oil contaminated soil can be treated by composite surfactant eluent effectively. Different surfactants, mixing ratio, soil texture and
contaminants have different removal mechanism and efficiency. In this research, a composite surfactant SDS/Tw—80 was used to wash the
contaminated soil to investigate its removal mechanism from the soil and the factors influencing the efficiency. The results showed that com—
posite surfactant was better than individual components in soil washing. A higher SDS/Tw—80 ratio significantly increased the apparent solu—
bility of contaminants, lowered the micelle—forming concentration, increased the capacityof micelle to hold contaminants, and increased the
chance for the long—chain alkanes to enter the micelle. Composite surfactant could improve micelles composition and showed markedly syn—
ergistic effect. For these reasons, it could reduce surfactant dosage to a great extent while remaining high elution efficiency. Using composite
surfactant is an effective solution to overcomeing the sorption of contaminant by soils while minimizing the impact on soil quality.
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FEAL PR 1 SR ES B A BRCR , AR RS
YERIB DB T SS & SR, AR B AR R R
FELI = W B, AR/ REAS b ) SE RN

ARUEL T HA RN+ b 56 BR 4k (SDS) A1
R A ISR K 1L B B B BR R (Tw—80) Xof 4 v Hh Y
B2 A ke 7Sk /B 4 R AR IER
SRR A3 TS LA B A2 IR 3 AR O, 3R T IR
RE T R TENE MR FE A [F) 52 B A9 T ISR AT )1
W, R HAE R, BT SDS/Tw-80 & 451k
Ji8 BRI AT A , I S AR BE (CMC) LT X oy B
—iFIN R RN A WIS Y s S T B i3k
B MO X R S 5 )

1 #REFZE

1.1 EWEE . T EHE5EA

Seg B — R TE M) SDS(E 1,a)F1 Tw-80
(B 1,b)ECE MR 0.6.1.2.4.6.8.10 CMC;SDS/
Tw-80 & A ZREEHEFELL Tw-80 ¥k 1.2.4.6,
8.10 CMC A&, Hf CMCy, =15 mg-L™, CMCsps=
2 100 mg-L™,SDS:Tw—80 [ /R ¥k BF .43 Sl B &y 10:

1.20:1.30:1,
(OC-H,),

Q
(l? / (0CH,),0
CH;(CHa)y CHzO—ﬁ—ONa 2Ha).

CH(OC
| (OCH.), (x+y+z+w=20)

CH,(0C.H,),0CH(CH,),CH=CH(CH,),CH;,
(a) (b)
B 1+ ERERH(SDS)FNIR & Z I Sk LI BLES B i BR B
(Tw-80) 5> F 4+
Figure 1 Molecular structure of Sodium dodecyl sulfate(SDS )and
Polyoxyethylene sorbitan monooleate(Tw—80)

ZARAIE T R B KRR (AR
W2 1), SERRTAN A WIS YR, HEL =N
R R 2B HFEE , i 150 pm (100 B )i o
B-20* %31 25 g ¥EfRT 300 mL AR, /B985,
PEPERTRINE] 500 g HAEH ;25 Clbb4 4 TR

® 1 ZFHMFFLREAMER

Table 1 Basic characteristics of clear soil sample

b, H BB RE 1 UG AR EE & 58 2 e 4heE X
&1k 20 d, s TR BRI IR IR AT . IR SCI RIS
WAFEH ERE AT =& &,

SCIRRTFH CBR TR IEC e I R R B S
1 Tw-80 By aigafi, WK Sigma /A H];SDS H,S0,.C
7K Na,S0, 5 k4344t 1t A ALt A Fl
1.2 EWAHE
1.2.1 FRENEMERINH AR 3 7

B— BERETEHER 50 mL. 0 0.5 mL-20%
ST 150 mL SR, 30 Rk, =N 20 T4
T 200 remin” #57% 12 h, & 12 h; NIRRT E
AW 2 mL. il 4 mL Z 8 ZE8 0.2 mL 1:1(V/V )H,S0,
(AR F Tz, ZIR T 300 r-min™ #:%
1 h,#%E 15 min 532, BIEHGS TOKBRERGAHE ; B 0.2
mL A HE W, F CBR BB 2 2 mL; DL SEi T IE
TR EE BT 4 FEmRK SE G RAE R B Wi
&Y, SAHEIERI
1.2.2 3 HARS R R GER

B 1 g il 4L 10 mL RAEVEMERIB R TS
P, =W 20 CHOBAMET ,200 r-min™ HLHRY;
48 h; HRIESWTREIIER.OE D, &R 10~12
°C,4 500 r min™, B> 30 min; B 2 mL _F3F#K .4 mL
IECHE .02 mL 1:1(V/V)HSO, (i FLAEH ), ZEIR T
300 r-min™ $%%; 1 h, & 15 min 532, B EHRS T
IKBRBRENAE ; AR GG RN E HAnY
1.3 2A=E
1.3.1 ZEGH

KA ERER 1.2.1 537 I T S IS R
A 1.2.2 5 20 4 VR H 04 B AR 15 4 B9 ZE L
F, IECEAER 1.2.2 F53EHE TR SemER B Bin
Y ZEBGAT o BT R A A BGR A — R M ZE BOR
B, LS AR 2.
1.3.2 ks

Agilent GC (6890,FID),HP-5 & 4f /& 4+ (0.32
mmx30 mx0.25 pm), S N, (32 mL-min™),H,(32
mL+min™) Air(320 mL*min™) He(1 mL+min™), 3}
B 415.(99.999% ) ; 63K 37 em+s™; A1 60 °C, 1 min,

R 2 EBER LR L BARMEERER (%)

Table 2 Extractions efficiency of targets in washing solutions

TKFE 1B AHLB CEC/ Ry THEH/ .
% pH &8/%  cmol kg % g-om’® and soil examples(%)
Rk 2.71 B4 Cio Cp Cu Ci Cis
38 5.75 1.76 19.48 ki 63.97 1.07 LEROEEVEE 95.86 93.31 95.84 94.72 92.91
Whkr 33.32 ok 87.95 83.91 86.36 79.37 74.67




F29BHTH

DI S 1285

15 °C+min™ FHEZE 260 °C.25 °C-min” FHEZE 280 °C,
33 5 min; FERE DR EE 230 °C, A Wdke:, i E
3 pL (Agilent 7683B H ghi#Etfas ) ; Rl #IEEE 300
Co KM TR 1 pg L7, SMrEETHE
1.3.3 GRFMATTE:

CMC..,.,,( 525 ZRTHNE P75 S B oRovi B )P T =X
HE:

1 + 1-a (1)
CMC..,  CMCopiic  CMCipe

Ko 1-a AR GEFPIER 7. BTFERE
T MR A BE IR HA5] s CMCnp + CMCionicn CMCiie 53301
BAFREEEN S FREEEN AR EE
P 0 PSR B o

MSR (FE/R IV b )P T A

MSR=(Sy'—Scuc)/(Cs~CMC) (2)
T MSR Sy B AR 2 v BRI AL 5 Sw' Sovc
435 — W E T (>CMC)F CMC B BRI &
Cs HRTEE R

K (JEERIK 43 BE R B0 T 55

K,.=55.4xMSR/[Scuc( 1+MSR )] (3)
FH : Sewe A CMC B HARH 3675 &

FRHE PR BT

(Xl)zln[( aICIZ/XlCI)] =1 (4)
( I—Xl)zln[l—al]Cu/( 1—X1 )Cz] -

Po) hl[(alCu/XlCl)]
b= (1-X,)? (5)

J—EQ':F' @ ﬁﬁé*—ﬁiﬁﬁﬂ@iﬁ Hﬁ@];clxczxclz 53‘75"]%:!
B — FRTANE R 5 52 B R WS MR BOR CMC X, A
He— 52 R A7 5 6 2R I 5 A BE /K L
1138 525 R THT 7 1A 50) R 8] AR LA R

800 -

1 1 1 1 1
0 2 4 6 8 10
Cas/CMC

2 HREWE

2.1 B—REFEEFEEER

TET 5% 4 Fmm i HAA R K AR
THGERRWE A SR (R K B MU FE SRS P Y
VIR M, 4351 30.24,24.91,23.95,23.37 mg-
L7, RIENEMFINFERE SR - B4R LA B iR
FERRIEOKIB R P R RE , AMERAE CMC DITF 3R
W R — e R RS, AniEl 2 FT7R o

B — SR EVER A2 M R R, A A
MU R3SV E A EEAR K22 R . Tw-80 F1 SDS X
S IE+ R R IE T\t 4 B BARY G B 0
VS L WAL T 43 3R+ 1 157.47.1 104.46.925.47
886.16 mg- L #1 595.38.496.38.496.33.423.67 mg-L",
DL IE MR VR BE S 10 CMC B X g B 1F + /\ A v
il BE ), Tw—80 55 SDS {17 7E 53 7 5 JH: 3 WL 75 fie
FEHEE T 37 f5A 18 £ H R E WA EITKTE
4 , A FEFEARS 10 CMC, Tw-80 A EE A 150 mg-L7,
1M SDS 7 21 000 mg-L™', WARHFZIALE, HTF
SDS MR MR K 5 1 B 1 A 45 45 e ), B
B R T PR, AT R RIS RS AR R
=R A IR . X et 2 S e SDS & it
Tw-80 f)—AEEZ B .
22 EAREFEEFEEER

FHTEHERA M 22 bR R A A LIS
A —ANEANE R T, e m R TE R A A
USRS, B S5 Y i s 2R 4, X
2 M K 2 B0 S T S 2R THI TR S B e
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Figure 2 Enhanced solubility of long—chain alkyl by single surfactants
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I, A REIEEF AR REME . E+
TREAE 4 F B AR 04 SR LA e B E R R AR AR
7 (SDS:Tw-80) Ft & Lo i 3 K2 A 4 5 , 4%
B%:1140.7.1 125.3.876.7.851.1 mg-L'(10:1);
1 938.8.2 141.4.1 909.4 .1 674.1 mg-L"(20:1) %0
4025.1.4 274.4.3 990.0.3 994.4 mg-L7(30:1), [FIAT,
B Vi W (P s VT L P 2 R T 1457 o Tw—80 &
B R LT 451 10:1 B 10 CMC, %8 20:1 /9 6 CMC
T FEZ] 30:1 Y 2 CMC, W& 3 fim,
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Figure 3 Enhanced solubility of target long—chain

alkyl by SDS:Tw—80

B R R A MR G ORI
E S BinEER SRR, — N EE RIS
LI BB 1S N R (Micelle ) & , Bt 2 D07E 2 BL R 1H
EHEAVREATEHR T, EaREEWERIE B
PR 1 54K (Monomer ) 82 TR, B AZ(1),
EHREN 3B R, EAREENR
I TR M B4 1R £ 245.74(10:1 ) ,424.03(20:1 ) .
571.05 mg-L™(30:1), 4 F Wi Ff 3 11 & P ) i LA oR
e 2 J8](CMCry,.9=15 mg- L™, CMCgs=2 100 mg-L1);
152 1 2 A0 I S o vk o (L i 55 T, L £y 4
AR, ULBAAE 2/ SDS VR M B4 ik A
ZHCAY Tw-80 A Y TR IR A B . Bk, S5
T8 Y35 B R NG A HEATEC L, 58— A FE AT LA
KRR Y e R BR VR B, RIS K B AR Ts 34
BRI A

MEVS A LTS YLt 0 18 5 4 P 32 R TV MR &
HA SR BT M BEAE AR, DUEER H 20:1
A FEEHER A SDS/Tw-80 7 10 CMC #1 1 CMC
Bt RIG I SR A, g6 AR (2) (3)HHE, 1B RIA L
IR S5 T 52 A FR NS MR Y B R 3G 9% L (MSR )
FREELCR IR K 53 BE R E (1gK. ) , 0FR 3 B o

%3 £41X7 SDS/Tw-80 MSR™ 5 1gK,.." Z-4L
Table 3 MSR" and 1gK.,,” changes of compound
surfactant SDS/Tw-80

E+kE IE+ ke ET7SkE E+/\BE
MSR 1gK,. MSR 1gK. MSR 1gK. MSR lgK..
101 330 1.00 273 099 197 093 158 085
2001 355 178 298 171 206 160 176 1.50
3000 360 198 333 181 226 179 190 1.70

T« B R SRR BB D RAE R K YR TR A BR I3 I8 B A
FE2S
Al — LB, IE+ 5 2IIE +/\LE ) MSR \1gK.,.
WAL/, GEBIBREE A K 2 B ARY B B 1K
PEsgR, RN BAR TS G A BE T tuAR Rt T
PRI, 18 1 AR IE )/ e AR ke ke 23 BU R A
R ERRG K PRI R SRS , 1 e A U AR,
M (B2 SRR L LI AT DAY R IR B AR 2% X
WAL 9 AL (B ) S HE RE 1 -MSR , AT 240 AH
X S8 Z HIXER A LY , Rt X S K A be R 7E DI AR
PRI AE A BRI ER R H I 5 - 1gK e, S5 BT
3 PG R B AT LIS R RIE
Bl 3 BT L] o S 450 A 0 i B A WL f
BEA TR, 5 N p B B A RKAER; 25

Bt
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HEECHHHR R 30:1 FOLEREEE, FERK R/
HEBOR R BRI . XM Z BLPT A K SDS
FEHAEH CMC LUF,SDS B 5 i1 3% KR 4344 B2
TRERENER Sk , FEK PR RT BB S B o DRI , S0
B Bisrl e 5E85 SDS HAZE S EK 2
MEHERERS, WAL SRR AER BT RS,
LR X T ATIOW A 7 BEACE IR A RIBIFSR o

{H3xX Z /03580 SDS. Tw-80 Y& Ak W&
RIS INER 5 ENZME 6 Hl N RE
Pl a5 AR (4).05), HMRIEAX(DERHE A
AR VE B , Ll i m B i X, {E (B SDS e &
B M A EAE]) M 10:1 9 0.106, £ 20:1 |9 0.192
EEF] 30:1 (9 0.263, BLAA 2 iR A9 2 B2 A
RIS JRA, TR 5 G B B SR s [RIBT, 48
M BB HR-0.302x1073,-0.128x1073,-0.238x 10,
BB SDS 5 Tw-80 Z [a] AU FIVE R R =M, 5C
U545 SR BUE AR £ 32 BH 3 B4 P e AR B L0 451 ) 42 o5 7
BABE RN, KEEGETE SDS/Tw-80 H 37
AR Bt R RT3 AR R R A I RAT R o
2.3 TiETMER BRI R

ZiR P IE+ B % 4 R R E BT E
& SDS.Tw-80 5 Hc b il N K43 5il76 A [RI 2 BE Ay 4
i, AR L B BRI AE 53 3R :39.11%
38.20%.41.04% .44.41% ,42.13% .40.92% .41.73% .,
47.44%F01 49.65%.52.30%.54.91%.53.83%., [RIit,Ff
BEVE MG S PR A P 5 o B B T, e 2 Ak
24 Tw-80 A¥k ) SDS ., Tw-80 & Fit L] 10:1
i 15 CMC, £ 20:1 ¥ 10 CMC TR 30:1 i 4 CMC,
W 4 B o X JLNEUE S G T M ) A 4 0 LA
R R/ [B I HE R B ST o JR R AT BB AE TR A 14
5 3238 4 g 2 (] A k™, SRR 7 AL 5 LAS,
SDS.SAS 455 UG AH tb 25 2 1 - R Y, i
EE AR EAREAREEER RER R . ZiK
T3 BARA WS e B R BRA R KR T % (40
Bl 5),

Tw—80 B it Sk B3 T HEh AR &,
AT S B HE58 T - HEXT S S5 BAR A 4, S 2 0
KT 33 Fe o) R O 2L B 8 o >R ) B B SR A FT B o X
WMA— D THERE T A4 4§ ABFiR, Fl—
5T 5 Tw—80 Vi B B Uk JB 380 38 5 7 A T AT 9
], SDS A& e W RES A 2 72 il Tw—80 & 5 9+
L R IO, [RIE a5 T A5 28 fh A [RI R B b 4R
1 1 SDS/Tw—80 YEii T4 BARYI A3, BE A

& b K OB OB % % R 1287
60 A
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L 40r
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ﬁ 30
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10F
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Figure 4 Long—chain alkyls wahing—off from contaminated soil
with compound surfactants SDS/Tw—80
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CMCr,5=15 mgL“)%ﬁfﬁ'ﬁ?ﬂJﬁEﬁﬂi'&W,iimﬁ%
B 7 P E A REENEN FE ST Tw-80 BIH R .
A, SDS &L by il iR m e isib 1 R A R TE M
R R, BEAR T HBAMSR T 5 I SR TS
PR AATE L.



1288 Wi RI% .54 REE MR (SDS / Tw-80 XK B bR i s IS5 e HI|IGUEBLMEF 201047 A
50 60r
50
4F
< YOF
§ 30+ g ol
= e
8 20 2 ok
10 10F
. . . | v 0 1 1 1 1 1
% > 7 5 2 10 0 0.2 0.4 0.6 0.8 1
O E+Tbt A EHEE O BTk > B/ Uk 60
B 5 Tw-80 LK IIR B BE R AE 50 F
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SCH CMC FRHE A LA 38 75 TN B v 2 24 6 56 F
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B LL CMC RLF ¥ B A Tw—80 #1 SDS Wi 3%
R BiRsER A6, 2R ER, CMC U R5I#
A RFRREVEIAE ST , T H 8RR 25 F Tw-80
WEEAE CMC DL bR s S 0L, B2, CMC DI
R FE 1 Tw—80 Y I A% 3R 70 Uk B R A SR vk B ek
i, T SDS MItA I+ 5 2 M, 4nE 6 Fiim o

FATEMR MR B EHER CMC B X B R ek
TR R T BB SR F TR T U 1 R0 A B 7 3 o ) IR B
YERTE R T AMIERARNRL, 58 5 hEsRE
Tw-80 BT ZRINMY 5 1 - e B AR e AR R ;77 SDS
AR L 22 BT DAAH BOUAR KRR BE b 5 H R R T AL
HMEEK T B TIN5 R 2
TR —B0, i F AR5 R B R A R ARIRL o X
UL R4 F B SDS ¥k BEAE CMC LT 1S I
THRERSHE Tw-80 i HIEW MBI Z , RATRES
SDS BB Je iy LM B T 2 AR R 5 L 22 ]
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Figure 6 Target alkyls washing with Tw—80 and SDS
from soil under CMC
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