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ABSTRACT

From 1 January 2020, the limit for Sulphur in fuel oil used on board ships operating outside designated emission control areas will be
reduced to 0.5 %. This regulation by international maritime organization (IMO) is able to significantly reduce the amount of Sulphur
oxides (SOx) discharging from ships and should have environmental advantages and health for all over the world. To meet the
regulation, in these days, wet scrubber system is being actively developed. However, this process leads to make washing wastewater.
In this study, we evaluated ion exchange resin system in accordance with scrubber wastewater discharge regulation by IMO.
Theoretical wastewater used as feed solution of lab scale water treatment systems. The results revealed that nitrate ion was removed
selectively in spite of high TDS wash wastewater solution depending on ion exchange resin property. Moreover, it was possible to
improve efficiency of the system by optimizing operating conditions.
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Table 1. Operating Conditions for Experiments

Operating condition (Unit) Value
Lab scale column (D x L mm) 20 x 225
Pilot scale column (D x L m) 0.58 x 1.5

NaN03, NaN03+NaZSO4,

Feed solution .
Y Washwater solution

Flow rate (LPM) 0.1,0.2

Bed volume (%) 30, 50

(a) Lab Scale Batch Test Equipment (b) Lab Scale Column Test Equipment

(c) Pilot Scale Column Test Equipment

Fig. 1. Experimental Equipments
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Table 2. Chemical Composition of the Synthetic Scrubber Waste 3. 25 &
Wash Water Solution

Material Concentration (mg/L) 3.1 ASAl o S|EAl AlSiZdn}
Na,50 7812.20 NaNO; 7ho 2 A28t golo 2 AP 715 R JPS
MeSO, 24.07 21395k A3} Tulsion o}LmE<A|o14 67.86 + 4.05 %, IXOM
CaCl, 66.59 ol eTER| oA 45.45 + 226 %] AAESE LfEp Ao
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Fig. 2. Nitrate Removal Performance with Various lon Exchange Resin in Batch Test (a) Tulsion (b) IXOM lon Exchange Resin
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Fig. 3. Nitrate Removal Performance with Various Feed Solutions in Batch Test (a) Tulsion (b) IXOM lon Exchange Resin
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Fig. 4. Nitrate Removal Performance with Various Feed Solutions in Batch Test (a) Tulsion (b) IXOM lon Exchange Resin
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Fig. 5. Nitrate Removal Performance with Various Feed Solutions
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Fig. 6. Nitrate Removal Performance with Various Operating Conditions in Column Test
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Fig. 7. Nitrate Removal Performance in Pilot Test
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