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Synthesis of sulfonate Gemini surfactants and their performance
in cleaning petroleum-contaminated soil

QU Haidong, LIN Tong, SHENG Xiaoru, ZENG Duan, ZHANG Longli, JANG Cuiyu*
(College of Chemistry and Chemical Engineering, China University of Petroleum, Qingdao 266580, Shandong, China)

Abstract: Four sulfonate Gemini surfactants (Gemini-C,, n represents the number of carbon atoms in the
hydrophobic chain) were designed and synthesized from long-chain alkylamine, 1,3-propanesultone as well as
epichlorohydrin, characterized by 'HNMR, FTIR, and matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry, and evaluated for their surface properties and performance in cleaning
petroleum-contaminated soil, with the cleaning mechanism peculated. The results showed that the surface
properties of Gemini-C, surfactants was largely determined by the chain length. Gemini-Cy, solution exhibited
alow surface tension (28.25 mN/m) and critical micelle concentration (0.00867 mmol/L), while Gemini-Cyy
solution displayed the lowest interfacial tension (0.055 mN/m) with crude oil. Gemini-C;q showed the best
cleaning performance, requiring only a quarter of the sodium dodecyl benzene sulfonate SDBS amount for the
same oil removal effect while achieving oil removal rate 21% higher using the same amount (8 g/L) of SDBS.
The cleaning mechanism involved three steps of wetting, rolling-emulsification and solubilization, with the
solubilization playing a dominant role when the contaminated soil was fully wetted.
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Table1l Basic properties of soil
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% FIGD goR b Bk

WA+ 1197 8.17 1.87 50.2 428 7.0

2 15 Y Y A BT
Table2 Basic properties of contaminant oil
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Fig. 1 *HNMR spectra of alkylaminopropanesulfonic acid
sodium with different hydrophobic chain lengths
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CH,—CH,—CH,—SO;Na), 2.61 (t, 2H, —CH,—
NH—), 2.00 (m , 2H, —NH—CH,—CH,—CH,—
SO;Na), 1.52 (m , 2H, — CH,— CH,—NH—),
1.39~1.23 [m, (2n—6)H, —(CH2),_s—], 0.90 (t, 3H,
—CH3). B M 45 R R b2 00 75 5 e Jt
A8 N R R AN AR 412

AR K BE K e S A FE NI IR Y FTIR 5 14]
DL 2,
CFE T —

"\ ry ,\ [ W I
lss st st pmnh |
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Fig. 2 FTIR spectra of sodium alkylaminopropane sulfonic
acid sodium with different hydrophobic chain lengths
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2.1.2 #hEg %A Gemini & & &b A 69 4 M kA
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Fig. 3 *HNMR spectra of Gemini-C, with different
hydrophobic chain lengths

i & 3 AT 1, 'THNMR (400 MHz, MeOD), 6: 4.14
(t, 1H, —CH—OH), 3.10 (t, 4H, —CH,—SO;Na) ,
2.99~2.87 [m, 12H, N—(CHy)s>—], 2.09 (m, 4H,
—CH»,—CH»—SO0;Na), 1.65 (m, 4H, —CH ,—CH,—
NH—), 1.37~1.29 [m, (4n—12)H, —(CH>),_s—], 0.90 (t,
6H, CHs—). iifi @i 0% 5 Bis = & .

ANIFE KB K Gemini-C, 1Y FTIR 3% &, 4nlE 4
Ji7m
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Fig. 4 FTIR spectra of Gemini-C, with different hydrophobic
chain lengths
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Fig. 5 y-c curves of Gemini-C, and SDBS
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ﬁﬁﬁ%ﬂﬁT%@ﬁgﬁﬁ[m; B4 »=14 B}, ycMmc M
K, ATREZEH Ny, RBEEmECH 14 0F, AL k4R
RS A il , (i 0 2 ) —CH,— 25 88 TS A,
IM—CHy— . —CHs BA & R T RE , T 2R G
PEREAR, 3 g i ok Fo 4 K128
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B AH ELAE B, 2SR T 2k 3 W BT A A
e TR | 0 A AP =R/ Q3 | B i
FER W R AT N 5 s KEE K A 5 —
FERTE N, i ACHE B, 3 1 3 4 ) B A ] A
KR P BUBEER, {8153 CMC R R0 (Y gk
KEEGRECH 14 BF CMC JmZAE K, Al e a2
HoK AR 22, AR AT IR S , B8 5 e K A & i
W

5t SDBS BRI ( yome=28.36 mN/m,
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1 B R TG (pome AR, CMC{EAK 2 NGRS ),
SRR, Gemini FTAIE 17 901 A i TR LA
H, SHIECEK S FEZ M A AR, i R mE
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PRGN RIS EII T PO SR KK A B HE R Ty, Al
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LT 5K 7SR RN I Ve A s Y IR RE A
fRbnz —o TEVEVE R, SR M B R AR 7E
K AL, AT LA R TG T, AR 5 0 A

45 R B, RIS BT R T v S
B, TR S SR B SR BER 0 € Gemini-C,
DL SDBS 575 Yt + 38 iy F it i =[] - i s 114
FLTSK 7, R 1 5 R I R LA R K B
K H sk psgm, 25 R LA 6.

ML 6 AT LA H, B 2 1 P ) K T
W BE RGeS TaT 5K ) 5 S ST RRAIG
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R <4 o/l B, BEZE SRR I, A
ik PSR ERAK, M 0.632 mN/m, 4k >
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RO h, ARG v B T 2% v 37 M 7R A vk K AT
14 52 o6 3R B 1 R TR B ARL A, it o R v R
THIZK S TR B P R T S PR RS £, AT ak HT RE
SRR Yk B K B, S R 7k )
I DU RGO a v B, 3R 37 M R A vk K AT
o R AT R, S SO B2 Y SRR DL KR
PESEAN, {5 S 5K AR T
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2 4 6 8
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o2l
=
BS
0.1
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_ ' Fig. 7 Wetting time of Gemini-C, and SDBS with different
% L6} mass concentrations on contaminated soil surface
5T IR TR IE T, BB BRI G, IR
E o3 HETEWIE 2%, Gemini-Cg Al Gemini-Cyo WIBMERERS
B0z 45, WTE 5 s PSR ARG R R R, DU
o1 FE 8 glL Rfil, BiKEERBEON 8 1K 14, WHiRHE
0= 4 6 8 ]\ 1.26 s F+725 % 673.00 s, {id itk I i R R . 7
RN R RS (/L) BORPBLG R T RE SR BOK BRI, R

K 6 Gemini-Cg (a). Gemini-Cio (b). Gemini-Cy, (C).

Gemini-Cy, (d) 711 SDBS () M~ 7 i gk /1
Equilibrium interfacialtension of Gemini-Cg (),
Gemini-Cyy (b), Gemini-Cy;, (), Gemini-Cy4 (d)
and SDBS (e)
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6a), FRAEMREUYE NS 14 i B sk Sk A 0.055 mN/m
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A B, | 3 T PSR A T A A T A LR RS
B v, AR K A AR, e e
Gemini-Cy,. Gemini-Cy, [t SDBS 1 FL T 1% A2 5
223 ARSI

TR R B UG e R P AR R, b
T AR R SR T PR K R R TS A, SRk
S KA, ReTE G R K SR T R A R SR KSR
XA R TR F IR IR E LB P 25 <, ik
FANRRCRPA AR T ARG Y eV [ A e
DL “SE VIR (] SR PEM R m S R R 25 5
e R e Y R A [ Y A Sk
FER B Gemini-C, Xt YA REANE 7 BTk .

I 7 TR N, BEE TR, iR
l)4Ek, W . DL Gemini-Cg i, o ik M
2g/L FHim & 8 g/l I, VEVRET ] M 5.00 sFEAILE 1.26 s,
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FES AL A KA S5 KSR I B B s, S8k
T E/K MR, B 5 BRI T

Fig. 6
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RLIOAR R IR R R T Gemini 2 115 PRI A9
Jo b e B D R A A K A S G R VR RO 1
R, 455 LA 8,

70F EZ=1 sDBS
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Fig. 8 Oil removal rate of Gemini-C, and SDBS with
different mass concentration
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pI R N IR by NI 71 B N N b N = 4
Gemini-Cg Al Gemini-Cyy Y BR 1 2L R 822, 1
Gemini-Cyo Fll Gemini-Cq, FER IR ER Ltk SDBS 4T,
JuHJE Gemini-Cyo, S K 2 g/l B, BRil
IR 39%, M H BT R 8 g/L I, BRI FEh 59%.
SRR, 8 g/L 1) SDBS IIGIHE (38%) I,
Gemini-Cio Jii 5t 1 B 4 SDBS 14 1/4 BV AT 55 FIAH [7] 19
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Table 3 Surface properties of Gemini-C, and SDBS and
their oil removal efficiency

A youd  CMCI 6 e BRINRI
T (mN/m)  (mmol/L)  (mN/m) s %
Gemini-C; 3447 151495 1038 126 29
Gemini-Ci, 3130 005486 0344 326 59
Gemini-C, 2825 000867 0251 10500 54
Gemini-C, 2930 002588 0094 673.00 29
SDBS 2836 076444 0363 091 38

Do R G TR 5 Dty Jy I IRAF[E]

242 FRAEAIR

LR 75 18 Gemini KR PR () HivEH
SIEVETERER R, AR Y Gemini SR TI 14E ) UE
PLEE RS (a), GE-FL/Ak (b), H#H (c)
3ER, HALERERILE 9.

b
e T,

¥

oa

S

U7 GeminiZR I E M4 T
$& HEIEHERIBR

o KBk EE
wmimtikan AR W %

BN "
* o lete. ®

~ BEHEE —~ KR =R

K9 JEVEA TS G IR A
Fig. 9 Schematic diagram of mechanism for cleaning petroleum-contaminated soil
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