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ABSTRACT Marine biofuels have attracted considerable attention as promising alternatives for reducing greenhouse gas emissions in
the maritime sector; however, their operational reliability has not yet been fully established. This study investigated the effects of a
cashew nut shell liquid (CNSL)-containing bio-fuel oil on a marine fuel supply system using a medium-speed diesel engine. A blend
of 70% very low sulfur fuel oil (VLSFO) and 30% bio-fuel oil was tested under simulated marine operating conditions. Severe fuel
filter clogging occurred repeatedly, and the blockage persisted even after the fuel was switched to diesel, indicating that deposits
remained within the fuel supply system. Sludge deposits collected from the fuel filters was analyzed using ATR-FTIR spectroscopy.
The spectra showed characteristic O-H and aromatic C=C absorption bands consistent with those reported for polymerized cardanol
(polycardanol). Combined with previous studies, the results suggest that the deposits originated from the oxidative polymerization of
cardanol, the major component of commercial CNSL. These findings demonstrate that even a relatively low CNSL concentration can
adversely affect the operability of marine fuel supply systems and provide fundamental information for fuel quality management and
stability assessment.

Key words Net-zero(8+22%3), Greenhouse gas(-2417}2), Bio-fuel oil(H}0] 2 %-§), Marine fuel(418}¢1 &), Cashew nut(747%),
Fuel filter(¢1 &2 &), Clogging(2} %), Polymerization(Z-3)

Subscript ATR : attenuated total reflectance

. . .. . DP : differential press
IMO : international maritime organization P

CNSL: cashew nut shell liquid

FT-IR: fourier transform infrared spectroscopy
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Table 1. Experimental sequence and test fuels

Test Fuel

LSFO (MF 380)

CNSL Blended fuel (LSFO 70% + Bio—fuel oil 30%)

Diesel
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Fig. 1. Schematic diagram of the experimental fuel supply
system

Table 2. Specification of separator and auto filter

Auto Filter
Type FM-152—-DE 16/8
Mesh size 10 um
Separator
Type P605
Feed Pump ALPO015
Bowl 561123 04
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Table 3. Specification of FT—IR

Maker Thermo Fisher scientific
Model Nicolet 1S5
M t - . . .
etz cithie el ATR-FTIR (a) Auto filter element (b) Manual filter element
Spectral range 4000-650 cm ™
Fig. 2. Sludge collected by fuel filter element
Number of scans 16
Resolution 4cem™
Final format Absorbance
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Fig. 4. FT—IR Spectra of Diesel, Bio heavy oil, Sludge
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