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The risk of marine pollution caused by oil and organic solvent spill accidents has risen due to increased
transport activities in coastal areas. Therefore, the development of cost-efficient and effective oil sorbents has
become increasingly important. Notably, polyurethane foam (PUF) waste, a byproduct derived from the man-
ufacture of various commercial products such as car seats and couches, cannot be easily degraded in the envi-
ronment and therefore needs to be recycled. This study sought to evaluate the potential of PUF waste as an
oil sorbent, as well as to determine the optimal conditions for its implementation. Here, the oil (diesel, MGO,
crude oil, and bunker C) and organic solvent (xylenes and toluene) sorption rates of PUF waste (i.e., couch
and car seat manufacture waste) was comprehensively assessed. Our study determined that PUF waste satisfied
oil and water sorption standards (> 10 g/g for oil sorption, < 1 g/g for water sorption) for all kinds of oils and
organic solvents tested herein, except for bunker C. Moreover, the amount of oil sorbed into PUF was largely
governed by its density and sorption time. Compared to existing oil sorbents, PUF waste could be over 90%
more cost-efficient due to its reusability. In conclusion, PUF waste could be repurposed as an effective and
low-cost oil sorbent for oil or organic solvent spills (except for bunker C).

Key words: polyurethane foam, oil sorbent, oil pollution, marine pollution, recycling
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Table 1. Summary of the examined oils and organic solvents and their physical properties

API . Sulfur Kinematizc Viscosity Viscosity Reference
gravity Content (%) (mm</s, cSt) (g/mm's, cP)

Crude oil 50.1 0.09 - - Environment Canada (2006)'®
Bunker C - 4 380 40,340 (15°C)  Environment Canada (2006)'®
MGO™ 342 0.42 4 (40°C) - Environment Canada (2006)'®
Diesel - 0.1-0.16 - 2 (20°C) Environment Canada (2006)'®
Toluene - - - 0.59 (20°C) KOSHA (2018)'”
Xylenes - - - 0.34-0.812 KOSHA (2018)'”

*API: American Petroleum Institute,

MGO: Marine gas oil
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(b) Optimizing conditions

Condition 1

Oil thickness

0.1cm 0.5cm 1cm ]

Condition 3

Density of PUF waste Low (couch) High (car seat)]

Condition 5
RO R1

Condition 4 i : : ; J
. g 1min  5min 10 min 30 min
Sorption time
R, Rs R, RS]

Condition 2 Unit (cm X cm X cm)

Surface area

S10X10%X 2 S;5X 5X2 S;25X 25X 2

Fig. 1. Schematic of the sorption performance test and optimization of recycling conditions to use polyurethane foam (PUF)
waste as oil sorbents: (a) preliminary evaluation of existing oil sorbents and PUF waste and (b) optimizing conditions

to use PUF waste as an oil sorbent.
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Fig. 2. Effect of oil thickness on crude oil sorption. The oil thickness was adjusted according to the volume of crude oil and
water in a 500 mL beaker. A PUF block (2.5 cm x 2.5 cm x 2 cm) was immersed in each beaker.
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Fig. 3. Evaluation of commercial oil sorbent performance (met type 1, met type 2, and boom type): (a) water sorptions (sea
water and fresh water) and (b) oil sorptions (xylenes, toluene, MGO, crude oil, diesel, and bunker C).
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Fig 4. Evaluation of PUF waste sorption performance (couch and car seat): (a) water sorptions (sea water and fresh water)
and (b) oil sorptions (xylenes, toluene, MGO, crude oil, diesel, and bunker C).
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