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Abstract : A lab-scale fundamental study to develop the solvent extraction process of ship wash wastewater containing TBT was carried
wut,  For various solvents, including diesels for car and ship, bunker B, thinner, toluene, and ether, the extraction efficiencies of TBT
‘rom synthetic ship wash wastewater were compared. The effect of extraction conditions, such as solvent amount, time and intensity of
agitation, and pH, on the extraction efficiency of TBT was evaluated. Diesel for ship showed better extraction efficiency of TBT than
hose of other tested solvents, and the proper amount of the extraction solvent for 1L of the wastewater was 10mL. When the agitation
ntensity was increased from 50rpm to 250rpm, the TBT remained in the wastewater dfter the extraction was decreased from around
120ppb to 28ppb. The remaining TBT in the wastewater was sharply decreased from Ihr of the extraction time, but was slightly increased
1gain dfter bhrs of the extraction time. The efficiency of TBT extraction was good in the weak acid range of pH, but was not significant
3s much as the others.
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Table 1 Characteristics of solvents for TBT extraction

Flash | Kinematic| Sulfur én_ifial Melting
Divisions | S.G | point | viscosity |compounds| % 'mtg point
(T) (eSt) (%) D((?(‘:n) )
Thinner | 0.85 | 35.0
Diesel over _
for car 0.87 40 1.4~3.0 | under 0.1
Diesel over
for ship 0.876 50 under 5.3 | under 1.3
Bunker B|0.991| °€" |under 180 | under 4.0
Toluene [0.871] 5 . free 111 -95
Ether 073 | 45 . . 35 -117
Tributylzi 19 112 M.W.=325.48
-nchloride i Purity=90%
2.2 HEE=x 3wy

TBT #&492 Fig. 1914 Bt ket
TRFAY. G4

Zol Jar testerst
AdARH e 1ILE

(a)

(b)

Fig. 1 Solvent extraction of organotin from ship wash
wastewater: (a) Extraction of TBT from ship wash
wastewater in jar-tester, (b) Separation of solvent from the
treated water using distribution funnel after the extraction.
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Table 2 Experimental conditions for solvent extraction of TBT wastewater

. . Extracting time |Agitation intensity | Amount of extracting
E |
xtracting solvent (hr) (rpm) solvent(mL) pH
Extraction Thinner 50 05 4
condition Diesel for car 1 100 2 5
Diesel for ship 2 150 5 6
Bunker B 5 2 10
200 - 7
Toluen 10 250 15 o
Ether > 20
Mixi
xng rate 270 270 270 270
(rpm)
Solvent
amount(mL) 8 8 8 8
Mixing timethr) 05 1 1 1
DR M A FE2EEE HUslgd. 28 g
o ojgke odele] FAXEE 50, 100, 150, 200 %

224 §o1%Fel U@ pHel 9T

TBT %2 & &l t1% pHY 93& §45152) pHE 0.1M
HS0s #9432 0.1M NaHCO: 2 ©]-83te] pH 4, 5,6, 7 2 8%
24 & grbeledrh Adel ol§¥ §ulE FAAS 1L
vhg A% SmLRloM, FEA 9 WWMFEE 27 lhr
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A
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pH¥ pH meter(Orion 370)% &A3tged TBTE Fig. 2
b ozro] AA e & ICP atomic emission spectrometer(IRIS,
"“hermo Jarrell Ash, USA) ®& ICP mass spectrometer
(SLAN 6100, Perkin Elmer, USA)E o]&3}e] ¥ F4& &

23le] TBTE gAakstgch
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at water bath or hot plate(50C)
until about 2m!f sample volume

Cool down to
{1oom temperature

Leave
(5~10 min)

+3mi H.0,
at close system

Heating dissolution with 5ml of aqua regia

Repeat unti (80~100C, 3~4hr) |at close system

complete

dissolution until about 1ml sample volume

Evaporation at open system

’ Cool down to

¢ f00Mm temperature
Mass up

{measure the final |Mass up with 10mi of 1%HNO,
sample mass)

Fig. 2 Qutline of the sample pre-treatment procedure
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Fig. 3 TBT concentration remained in the extracted
synthetic wastewater at various kinds of solvent
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Table 3 Partition coefficients for various extraction solvent

Ttem (ﬂgC/W[) Kow log Kow
Thinner 556.7 6.2 0.79
Diesel for car 2304 164 1.21
Diesel for ship 56.5 69.8 1.84
Bunker B 130.6 296 1.47
Toluene 620.6 54 0.73
Ether 755.5 4.3 0.63
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Fig. 4 TBT concentration remained in the extracted

wastewater according to the extraction time
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Fig. 5 TBT concentration remained in the extracted

wastewater at various agitation intensity
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Table 4 Partition coefficients according to various pH

|
i pH (ﬂg%) Ko log Kow
’ 4 7.2 554.6 274

5 79 505.3 270
6 42 %14 298
K 54 739.7 287

8 78 5118 271
z@;:% . hancenttion of shte in the shent
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