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Table 1 Physico-chemical parameters of surfactants and PHE

EUE SR ?Eg / ngME -y M /<fﬁ% ) RRE
Triton X-100 (CH;);CCH,C(CH;),CgH, (OCH,CH, ), s OH 625 167.4 13.5 - 100—155!18!
Tween80 C,; Hys COOS, (OCH, CH, ) ,, OH 1310 73.36 15 — 60018
SDBS Cy»Hy5 CgH, 805 Na 348.48 963.2 10.6 — 87010
SDS Cy, Hys080;Na 288.38 2420 40 — 89120

I CiHy 178 — - 1.0

7 a f0FE3E/K-2E 1 E#7{8 ( Hydrophile-Lipophile Balance, HLB) , %#& 3% H SC#k[ 18, 20-23 ] ;Se ¢ LI EEHR—CH,, O—.
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25 CAI 150 remin ™" ZAF FHRG— 0] BB P B A 15 mL B0, I35 % 35 A 3500 r-min ™
B30 30 min, 5820 BER VAR 0YFE , AR 24T 20 MR 2500 8 BE K b3 MR T I IR TR Y mE X R A BT
W Ay — B0 T A IGE & BT 25 mL @A T A A 10 mL BUEEfS A B oK oE
2, EATEFINGT 0.22 wm TS EF RIS AL, ] HPLC 20 Afr K i v P R R BE
1.3 AR &

AT-LICHROM ODS2 C18 J A6 3%4E (250 mm x4.6 mm x5 pm) 3 37 2hAH K F S 7K (80:20) 5 3
1 mLemin " ;A7 40 °C 5 #ERER 10 WL A% K 254 nm.
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Fig.1 The optimal agitation duration for solubilizing phenanthrene by surfactants
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Fig.2 Influence of surfactant concentration on the solubility enhancement of phenanthrene
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CMC) 5 X, J& LU A SAAAE BTN PE IR, mg-L7' (24 X< CMC,X,, =0;24 X=CMC, X, =X -
X)) 3K SR T B SRR Z B AT R A, mLeg 'K, SR BUE I R 5K Z (B A3 2 8, mL-g ™'

K, =K x10°/8, (3)
K, =K, x10°/S, (4)
A, K, K, 53990 2 S R R R BEAE CMC i Ja 3 i Ze e vk [l H R L. 2R 3 K, .
K, B3k 2.
FE CMC PA_E, Al ek WSR2 1 395 1 590 0 JE A 384 1A B8 7 1 /N7 WISR 6 384 0im 8437 5 1 35
) B VA R B S OOV A B 3, ik X
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T, Sorin,me BTSRRI E A C N HERIZMB AL 5 Spue e re 22 T PR BE S CMC IFHERY

FELGS AR EE , WSR B ] LAE R i i 2k CMC DL AR oK .

HI Pl 2 S 2 mIHT, 4 g i R SRR SE AR R B A . A6 3R TS PRI FE AR T CMC B, R g
PEFIXF I (4 18 75 5 FE & Triton X- 100 > Tween80 > SDS > SDBS, #f i [ K. {E 4> 5 4 2. 76 x 107,
9.91 x10%,5.23 x 10* 4.46 x 10, [fii & i i P4 771 € J3E 78 T CMC IR, 28 1 558 e 790 %o S 110 348 378 0 5 1 ok
JE B — 35, ML Y K, 4050k 2,20 x 10% 1,81 x 10* 1. 01 x 10* 2. 83 x 10°. fy b af W, JE 7 K th 2 0
Vs L P 18 RS T A 3 i 3 M R M M e ) 3 B RT3 7 3 1 35 R ¥ BB Ol 4000 mg - L™ B,
7E Triton X-100  Tween80 .SDS . SDBS Hf (v s 5053 ) 4 :67.5 .59. 6 13. 1 8. 8 7E Z2 I 1 PEF Mk i Hy
8000 mg-L "B, S, * /S, 4Bk 164 (153 52 22. WAl B 2 1 1% 1 0] 9 44 0 ik i K TR PR S T
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Table 2 Linear regression data of solubility enhancement curve of phenanthrene by surfactants

/T CMC e KF CMC
AR I 5] K, K
a b R? a b R? WSR .

/(mL-g_l) /(mL-g™")
Triton X-100 0.436  2.76 x107%* 0.9850  2.76 x10° -10.85 2.20x10°2 0.994 2.20x10°2 2.20x10*
Tween80 0.276  9.91x10~*  0.980 9.91 x 10? -8.86 1.81x107% 0.997 1.81x1072 1.81 x10*
SDS 0.111  5.23x107*  0.982 5.23 x 10? -27.47 1.01x10°2  0.997 1.01x10°2 1.01 x10*
SDBS 0.093  4.46x107*  0.978 4.46 x10? -1.75 2.83x107* 0.982 2.83x107° 2.83x10°

T a,b 73 BIFIREAE: FNE BB IREL IR

2.3 ZRMETER HLB SHIE R LR

aniE 3 Fros AR B AR S 5] Triton X-100 1 Tween80 () HLB 5351174 13.5 F1 15, s/hFFHE T
FIATEER SDS 19 HLB {F 40, % H4/K YA HLAERA HRAIETERES). Doong 22 ik, HAEH T
FMTE PRI L, BIE 2R0E PEF 2230557 ke i e B/t T R BOR Ry HLB {8 {HX) SDBS
Kt , He HLB {FAE 4 BRI PR /N (EIEX SRR S I AE D Al s , 5 25 M ANAT .

e 2 Ay FE T P A HLB B/ K MRS |, 5 30R T 1A I 10 2 T % e 550K T Y00 e B o
e, TR RE ). S5 41, (i T SDS ) CMC L SDBS ) CMC KiY 2, it 5 Y Na ™ ¥ 142
R, Na ™ ¥R BECR, i 2 T 1457 SDS T BUBE R 1) 3R A2 K mg (SDS SRAEKICH 89, SDBS [ RAEH N 87)
FBE AR AE K, BT LA S 22 /K A ML AR P . LUK, SDBS B U 19 A B 5 % A , 30/ 1Ntk
SBEMG K, 7 EL AT RE B A AR A 60 5 SLREZSONE , iz JEROBRPEAR )N, G A T AR IR
i, B FOZBL A G R TR N AL A X, S 5 /. 384, SDBS Jig B ilad e v, S PR AR L4
FHE R R IR AT — 2 B TR , IV I AR SE , X ol 1 e 1 e B R Tk 1R B T2 ol ) T AT v, R B 0
PR A AR A T P AZ I SR, e TR AR DRI 38 128 B IR ATAIA J2= o (8K 705 AR SE 38 o, 5
I B PR B (O M 0, BV SR A BE ST AR REAIR . LA B PR 3R LR AR08, 51k SDS REAIR 2 1T 5 1 1
BEJT FIACRARLL SDBS {9R (FH 77 ey 22715 2 1T 1790 KA 2 T 5K 1 B9 RE Ty, JLvh SDS 19 areye M 33.5,
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Fig.3 The solubilization enhancement capacity of surfactants for PHE
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SOLUBILIZATION KINETICS OF PHENANTHRENE BY SURFACTANTS
AND RELATION BETWEEN WEIGHT SOLUBILIZATION RATIO
(WSR) AND HYDROPHILE-LIPOPHILE BALANCE
VALUE(HLB) OF SURFACTANTS

ZHONG Jinkui' ZHAO Baowei'” ZHU Kun' MA Fengfeng'
RAN Jingyuan' Obemah David Nartey'

(1. School of Environmental & Municipal Engineering, Lanzhou Jiaotong University; 2. Engineering Research Center for Cold

and Arid Regions Water Resource Comprehensive Utilization, Ministry of Education, Lanzhou, 730070, China)

ABSTRACT

Surfactants can increase the solubility of hydrophobic organic compounds ( HOC). They have been
applied to areas such as soil washing, flushing and treatment of non-aqueous phase liquids (NAPLs). In this
research, the ability of two nonionic surfactants ( Triton X-100 and Tween80) and two anionic surfactants
(SDS and SDBS) for phenanthrene solubilization was investigated by comparing their solubilization kinetics
using agitated experimental method. The relationship between the weight solubility ratio ( WSR) and
hydrophile-lipophile balance value (HLB) of surfactants was also examined. The optimal solubilizing duration
of agitation in Triton X-100, Tween80, SDBS and SDS for phenanthrene was 12, 12, 24 and 36 h,
respectively. Solubility enhancement for phenanthrene by the four surfactants was observed either above the
critical miceller concentration (CMC) or below it. Especially, the solubilization was increased significantly
above the CMC. The experimental data obtained also showed some differences among the four surfactants, and
indicated that the solubilization ability of the nonionic surfactants was much higher than the anionic
surfactants. The order of solubility enhancement was Triton X-100 > Tween80 > SDS > SDBS. This order is
related to HLB of the surfactants.

Keywords : surfactant, polycyclic aromatic hydrocarbons, solubilization, kinetics, hydrophile-lipophile

balance value.



