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Abstract:Effect of surfactant on the evaporation of p—chloronitrobenzene and naphthalene in the turbulent process was studied in order
to understand the effect of surfactant on the evaporation of complex contaminants in dynamic water system. Sodium dodecyl sulfate
(SDS) cetyltrimethyl ammonium bromide (CTMAB) and polyethylene glycol sorbitan monolaurate (Tween 20) were used in the
experiment. The results showed that the evaporation of p-chloronitrobenzene and naphthalene from surfactant solution in set turbulence
intensity followed the first kinetic equation and all the correlation coefficients were above 0.99. The evaporative loss velocity of
component was increased in dynamic water while it decreased in surfactant solution comparing with static pure water. The combined
impact of these two factors was mainly presented promoting. When the turbulence intensity was above 39 r/min and 65 r/min
respectively and the concentrations of surfactants were set from 150mg/L to 2 000 mg/L the corresponding evaporative loss velocity of
naphthalene and p-chloronitrobenzene both increased clearly. The evaporative loss velocity of p—chloronitrobenzene and naphthalene in the
same turbulence intensity were decreased because of the straining ability of surfactant with the rule: CTMAB > Tween 20 > SDS. The
impact of both surfactant and turbulence on naphthalene (with higher H) was more distinct than p-chloronitrobenzene (with lower H).
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Table 2 Characteristics of the surfactants
H CMC/mgL™"
SDS C,,H,5080,Na 288 1455
CTMAB C,oH,, BrN 364.5 335
1 Tween 20 Cp,SeEy " 1226 60
L1 1)S¢:CeH;, O
) : 1.2
CTMAB Tween 20 ( ) ;SDS UV2401 PC ( ) JHS-
¢ ) 1 2. 1/60 () ARI140
1 ( ) WHMS « ).
Table 1  Characteristics of the organic compounds 1
H
/atm® (mol*m®) ~! /g N ’
CyoHg 128.19  5.6195x10°%  3.205 x10~} 0.05 m ;
CgH,CINO, 157.55 2.2881 x107°  0.021 (
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Fig. 1  Experimental apparatus of evaporation
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Tween 20
Tween 20
5 :
¢, = coexp( - K1) )
2.1 cy Co
K, t
(25 £ 1)< 75% ~ 85% 3.
3
Table 3 Kinetic equations of evaporative loss velocity of naphthalene and p-chloronitrobenzene
Tween 20
/mgsL="  /remin~' K./h™' R K /h™' R
0 ¢ =18.75exp( -0.0032¢+0.0410) 0.0032 0.991 ¢, =8.3exp( —0.0016¢-0.0063) 0.0016 0.996
13 ¢, =18.75exp( ~0.0082:-0.0158) 0.0082 0.999 ¢, =8.3exp( -0.0020¢-0.0123) 0.002  0.995
150 39 ¢ =18.75exp( -0.0152¢-0.0110) 0.0152 0.998 ¢, =8.3exp( -0.0023:-0.0116) 0.0023 0.998
65 ¢, =18.75exp( =0.0177¢-0.0974)  0.0177 0.994 ¢, =8.3exp( -0.003 0z -0.01) 0.0030 0.998
91 ¢, =18.75exp( -0.0243:-0.1376) 0.0243 0.994 ¢, =8.3exp( -0.0034:-0.0162) 0.0034 0.998
0 ¢, =18.75exp( -0.0027¢-0.0329)  0.0027 0.994 ¢, =8.3exp( —0.001 2¢) 0.0012 0.997
13 ¢, =18.75exp( -0.0064:-0.0386) 0.0064 0.999 ¢, =8.3exp( —0.001 7t) 0.0017 0.999
900 39 ¢;, =18.75exp( -0.0102:-0.0382) 0.0102 0.999 ¢, =8.3exp( =0.00212+0.0061) 0.0021 0.999
65 ¢, =18.75exp( -0.0140:-0.0550) 0.0140 0.999 ¢, =8.3exp( -0.0028:+0.0089) 0.0028 0.999
91 ¢;, =18.75exp( -0.0168:-0.0607)  0.0168 0.999 ¢ =8.3exp( —0.0032¢+0.0068) 0.0032 0.999
0 ¢, =18.75exp( =0.0022+0.0027)  0.0022 0.999 ¢, =8.3exp( —0.001 1z +0.007 1) 0.001 1 0.991
13 ¢, =18.75exp( -0.0053:-0.0158) 0.0053 0.998 ¢, =8.3exp( —0.001 6¢+0.0135) 0.0016 0.992
1500 39 ¢, =18.75exp( -0.0083:-0.0198) 0.0083 0.999 ¢, =8.3exp( -0.0019:+0.0008) 0.0019 0.997
65 ¢ =18.75exp( -0.0110¢-0.0605) 0.0110 0.998 ¢, =8.3exp( —0.0025:+0.0072) 0.0025 0.997
91 ¢, =18.75exp( -0.0129:-0.0916) 0.0129 0.995 ¢, =8.3exp( —0.0029:+0.0089) 0.0029 0.997
3 R 0.99 2
. Tween 20 H r r
H . Tween 20 A
900 mg/L 0 91 r/min
K, 5.22 K, 1.67 A 3
Tween 20 3
91 r/min Tween 20 :
150 mg/L 1500 mg/L K, 0.47 CTMAB > SDS > Tween 20. CMC,,s (1455
K, 0.15 mg/L) > CMCy,.., (60 mg/L)
2.2 1500 mg/L. 1000 mg/L. Tween 20
SDS
Tween 20
r=K_/K, 2) SDS; SDS SDS
r K., Tween 20.
K 2.3
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Fig.2 Values of r of naphthalene and p—chloronitrobenzene in different surfactant solutions with set turbulence intensity
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4 M
Table 4  Calculated values of M of naphthalene and p-chloronitrobenzene
/r*min !
/mgeLL! 13 39 65 91
300 2.154 1.241 3.345 1.328 4.747 1.732 5.756 1. 863
600 1.961 1.120 2.891 1.210 3.918 1.473 4.978 1.771
900 1.931 0.977 2.854 1.182 3.831 1. 449 4.964 1.733
Sbs 1200 1.625 0.959 2. 669 1.020 3. 690 1.300 4.522 1. 602
1500 1. 196 0. 841 2.018 0.917 3.095 1.193 3.868 1.394
2 000 0. 966 0.772 1. 494 0. 882 2.399 1.070 2.895 1.157
150 1.882 1.452 2.941 1.701 4.555 1.839 5. 190 2.135
300 1. 654 1. 069 2.638 1.454 4.191 1.730 4.888 1.923
600 1.564 1.019 2.542 1.299 3.636 1.579 4.530 1.774
CTMAB 900 1.025 0.787 1.670 1. 054 2. 660 1. 408 3.125 1.613
1200 0.907 0.761 1.424 0.957 1.822 1. 153 2.530 1.395
1500 0.813 0.719 1.156 0.816 1.623 1. 066 2.193 1.311
150 1.530 0.971 2.327 1.299 3.502 1.635 4.464 1.904
300 1.411 0. 947 2.224 1.252 3.050 1.576 3. 844 1. 829
600 1. 406 0.907 2. 094 1.092 3.023 1.492 3. 636 1. 690
Tween 20 900 1.259 0.879 2.013 1.063 2.844 1. 449 3.439 1. 626
1200 1.081 0.796 1.737 0.991 2. 449 1.377 3.028 1.588
1500 1. 036 0.776 1. 695 0.952 2.413 1.286 2.994 1. 505
:CTMAB > Tween 20 J .Ind Eng Chem Res 2007 46:1563-4571.
> SDS. 1500 I’Ilg/L 8 Zieverink M M P Kreutzer M T Kapteijn F et al. Gasiquid
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