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Abstract — Bunker C is used in heavy-lift ships, furnaces, and boilers for generating heat, and power. Bunker
C has only four regulations for quality standards and is rarely inspected in Korea. For these reasons, other oils
such as used lubricant oil are commonly blended with Bunker C. This illegal mixture of fuel can damage the
boilers, engines and affect the environment adversely. In this study, we investigate the fuel properties and perform
atomic analysis of illegal Bunker C blended with used lube oil. The test results show that higher quantities of
used lube oil in Bunker C have higher flash points, total acid numbers, copper corruption, solid contamination,
and metal components. Further, increasing quantities of used lube oil in Bunker C cause lower viscosity, sulfur,
and V content. However, adequate sample (approximately 1 L) is needed to evaluate presence of adulterants in
Bunker C, we attempted the SIMDIST analysis. In the SIMDIST chromatogram, the used engine oils are detected
for longer retention times than Bunker C owing to the high boiling point. We also quantitatively analyzed the
lube oil content using SIMDIST.
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Table 1. Specification of bunker fuel
Bunker A Bunker B Bunker C
Flash Point (°C) 160 165 170

Kinematic Viscosity
(50?7°C, mm’/s)

120 150 540

Pour point (°C) 5 110 -
Residue carbon | | )
content (wt%) 8 12
Water & Sediment | | R
(Vol%) 0.5 0.5 .0
Ash (Wt%) 1 0.05 10.10 -
Sulfur (wt%) 120 13.0 1 4.0
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Table 2. Instrumental parameters and measurement
conditions
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Table 3. SIMDIST analytic instrument and test
conditions

Parameter Condition Manufacture Thermo
R.F.Power 1.4 kW Model Trace GC Ultra
Plasma argon : 15 L/min Test Method ASTM D 2887
Gas flow rates Auxiliary argon : 0.8 L/min Column 10 m x 0.53 mm ID x 0.88 pm
Nebulizer argon : 46 psi
- - Initial; 40°C, 1 min hold
Solution uptake rate 0.9 mL/min Oven Temp. Increase; 15°C/min to 360°C,
Number of replicates 2 10 min hold
Sample uptake time 30 sec Detector FID (370°C)
Post-wash time 100 sec
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Table 4. Analysis of fuel quality for Bunker C
blended with used lube oil

Fle{sh Klpema}tlc Sulfur

point Viscosity (Wi%)

(°C)  (50°C, mm%s) °

Bunker C 82.5 115.7 1.55
BC+UE (2:1) 96.5 88.60 1.34
BC+UE (1:1) 102.5 70.08 1.26
BC+UE (1:2) 112.5 56.8 0.71
Used engine oil  182.5 39.05 0.17

BC; Bunker C, UE; used engine oil.
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Table 5. Analysis of TAN and copper corruption for
Bunker C blended with used lube oil

QJgek - oA - gk - 0w

Table 6. Analysis of fuel quality for Bunker C
blended used lube oil

TAN(mg/KOH) Copper corruption

Bunker C 0.0746 la
BC+UE (2:1) 0.4510 la
BC+UE (1:1) 1.5634 1b
BC+UE (1:2) 2.4089 1b

Used engine oil 2.7118 2¢c
Bunker C | BC+ UE | BC+ UE | BC+ UE Used
(2:1) (1:D) (1:2) engine oil
NN
1
Fig. 1. Copper strip after corruption test.
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Water & residue Solid contamination

(Wt%) (o)

Bunker C 10.05 0.004
BC+UE (2:1) 0.05 0.035
BC+UE (1:1) 0.1 0.059
BC+UE (1:2) 0.15 0.084
Used engine oil 0.22 0.116

BC; Bunker C, UE; used engine oil.
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Table 7. Metal content in Bunker C blended with used lube oil

Fe (ppm)  Cu (ppm) Al (ppm)  V (ppm) P (ppm)  Zn (ppm) B (ppm)
Bunker C 3.1 ND 03 44.9 4.6 0.1 1.5
BC+UE (2:1) 114 1.0 1.9 40.1 259.6 235.0 37.7
BC+UE (1:1) 16.2 15 2.6 17.3 465.2 384.0 60.0
BC+UE (1:2) 18.7 1.9 3.0 9.5 629.3 4776 74.5
Used engine oil 39.1 4.1 8.5 ND 1099.0 811.0 135.0
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Used engine oil

Fig. 2. SIMDIST pattern of Bunker C blended with
used lube oil.

Table 8. Area ratio of sectional temperature in

SIMIST
Temperature range Area ratio (%)
A 32
Bunker C
B 32.6
A 36.7
BC+UE (2:1)
B 46.1
A 21.7
BC+UE (1:1)
B 53.2
A 18.2
BC+UE (1:2)
B 69.4
. . A 9.5
Used engine oil
B 89.3

A temperature range: 210~330°C, B temperature range:
330~510°C.
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Fig. 3. Quantitative analysis of other oil content in
Bunker C.
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