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Abstract @ In addition to responding to the environmental pollution caused by fossil fuels, the
enforcement of Renewable Fuel Standard(RFS) system has increased the utilization of renewable energy
such as refined fuels oil. The by—product fuel o0il(No. 2) and the refined fuel oil(reduced—pressure) are
strictly regulated by the domestic legislation and the chemical property changes of the refined fuel
oil(reduced—pressure) mixed with the by-product fuel oil(No. 2) were analyzed. As a result of
analyzing the physical properties of refined fuel oil(reduced pressure) obtained by mixing 1 : 1 of
by—product fuel oil(No. 2), it satisfied the quality standards stipulated by the domestic Enforcement
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Decree of the Wastes Control Act. However, the results of the additional tests related to the fuel
showed a high aromatic content. The high content of aromatic in a fuel is likely to cause the soot and

ehaust emission gas during the combustion of the used equipment.

Keywords * By—product tuel oil(No. 2), Refined fuel oil(Reduced pressure), Aromatic content,

Renewable Fuel Standard, Enforcement decree of the wastes control act
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Table 1. Description of the samples analyzed in this study

Samples

By—product fuel oil
(No. 2)

Refined fuel oil BY_PI'Odet fuel oil
(Reduced pressure) Refined fuel oil

A

O

B

O

C

D

0) -
O

A+C

A+D

B+C

B+D

o|0|0|0
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Table 2. Test method and equipment criteria for analyzing the petroleum product

Property Unit Analysis Method Teiécl)nmslt;ilr;l)e nt
Pour point (e KS M ISO 3016 lziiialfg)z
Flash point T KS M 2010 (gi;z)
Kinematic viscosity(40 C) mm?/s KS MS ISO 3104 (Cé\;iig?
Distillation(90 C) C KS M ISO 3405 Noves
Copper strip corrosion(50 C) 3h KS M ISO 2160 (Eizifﬁ)
Water & Sediment vol% KS M 2115 -
Carbon residue on 10 % wt% KS M ISO 10370 1?_81;11(\2[)3
Carbon Residue wt% KS M ISO 10370 ?fi;ﬁﬁf
Ash wt% KS MS ISO 6245
Sulfur content Wt% KS M ISO 8754 S%gz;iii?o
Density kg/m? KS M ISO 12185 (fni/iﬁsgggr)
Marker me/L _ UV/VI(SJ ASéJécCt)r)ometer
Calorific value keal/L KS M 2057 ( /fitrén&;g?r)
Metal contents Optima 2100DV
(Cd, Cr, Pb, As, Na, K) me/L ) (Perkin Elmer)
Lubricity (60 C) \XI/_S;)[,{im KS R ISO 12156-1 IE;FSIS){
Total Aromatic compounds wt% KS M 2456 (Yilfr?g?in)
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Table 3. Quality specification of by—product fuel oil in Korea

. Legal Standard
Items Unit

No. 1 No. 2
Pour point T below —20
Flash point C above 40
Kinematic viscosity 40 C, mm?/ 09 ~ 1.8 09 ~ 3.0
Distillation (90 %) C 180 ~ 290 160 ~ 270
Copper strip corrosion - below 1
Water & sediment Tov/v - below 0.5
Carbon residue on 10 % wt% below 0.15 below 15
Ash wt% below 0.02 below 0.05
Sulfur Content wt% below 0.1 below 0.2
Density (15 C) kg/m’ below 850 -
Color - Blue Black
Marker mg/L above 10

Table 4. Quality specification of refined fuel oil in Korea

Items Unit Legal Standard

Flash point C above 40
Water & sediment Dov/v below 0.5
Carbon residue wt% below 0.15
Ash wt% below 0.05
Sulfur Content wt% below 0.2

Cd mg/L below 1

Cr mg/L below 1
Metal Contents oh ng/L elow 1

As mg/L below 1
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Table 5. Results of physical/chemical analysis in by—product fuel o0il(No.2)
Items Unit Legal Standard | Company A Company B
Pour point c below -20 =57 =57
Flash point C above 40 53 48
Kinematic viscosity 40 C, mm?/s 0.9 ~ 3.0 1.3350 1.3800
Distillation (90 %) c 160 ~ 270 202 210
Copper strip corrosion - below 1 la la
Water & sediment Dov/v below 0.5 0.0 0.0
Carbon residue on 10 % wt% below 15 0.0089 0.4365
Ash wt% below 0.05 0.0020 0.0894
Sulfur Content wt% below 0.2 0.0215 0.0010
Color - Black Black Black
Marker mg/L above 10 12 13
Table 6. Results of physical/chemical analysis in refined fuel oil(Reduced pressure)
Items Unit Legal Standard Company C | Company D
Flash point T above 40 140 65
Water & sediment Dov/v below 0.5 0.0052 0.0025
Carbon residue wt% below 0.15 0.0092 0.0095
Ash wt% below 0.05 0.0341 0.0014
Sulfur Content wt% below 0.2 0.1296 0.0827
Metal Contents | Cd mg/L below 1 0.0670 0.0310
Cr mg/L below 1 0.1460 0.1580
Pb mg/L below 1 0.0960 0.2070
As mg/L below 1 0.0000 0.2030
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Table 7. Results of physical/chemical analysis in refined fuel oil(Reduced pressure) mixed with the
by—product fuel oil(No.2)

Items Unit Legal Standard | Sample A+C Sample A+D
Flash point c above 40 54 66
Water & sediment Yov/v below 0.5 below 0.025 below 0.025
Carbon residue wt% below 0.15 0.0143 0.0095
Ash wt% below 0.05 0.0459 0.0134
Sulfur Content wt% below 0.2 0.0912 0.1105
Metal Contents | Cd mg/L below 1 0.0330 0.0330
Cr mg/L below 1 0.0990 0.1190
Pb mg/L below 1 0.0560 0.1780
As mg/L below 1 0.0000 0.0000
Items Unit Legal Standard Sample B+C Sample B+D
Flash point c above 40 54 49
Water & sediment Yov/v below 0.5 below 0.025 below 0.025
Carbon residue wt% below 0.15 0.0100 0.0256
Ash wt% below 0.05 0.0014 0.0010
Sulfur Content wt% below 0.2 0.0403 0.0679
Cd mg/L below 1 0.0240 0.0003
Cr mg/L below 1 0.1080 0.0005
Metal Contents
Pb mg/L below 1 0.1340 0.0038
As mg/L below 1 0.0210 '0.0102
160 0.0300
140 1 _ 0.0250
o) 120 2;
< s 0.0200
£ 100 3
.; 80 1 g 0.0150
'_l-: 60 "%
U 0.0100
40 |
20 I I I I [ 0.0050
0 |
0.0000
C D A+C A+D B+C B+D [ D A+C A+D B+C B+D

Fig. 1. Results of flash point and carbon residue analysis for comparing the refined fuel oil
with the refined fuel oil(Reduced pressure)—mixed the by—product fuel 0il(No.2).
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2. Results of ash and sulfur content analysis for comparing the refined fuel oil(Reduced
pressure) with the refined fuel oil-mixed the by—product fuel o0il(No.2).
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Fig. 3. Results of heavy metal content analysis
for comparing the refined fuel
oil(Reduced pressure) with the refined
fuel oil-mixed the by-product fuel
0il(No2).
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Table 8. Results of additional physical/chemical analysis in refined fuel oil(Reduced pressure) mixed
with the by—product fuel 0il(No.2)

Items Unit Sample A+C Sample A+D
Pour point T -39 -39
Kinematic viscosity (40 C) mm?/s 4.1410 4.3230
Density (15 ) kg/m? 888.1 894.3
Net calorific value keal/L 9481 9718
Lubricity (HFRR WSD) (m 179 163
Total aromatic compounds vol% 35.95 34.11
Metal contents Na mg/L 0.0000 0.0000
K mg/L 0.0000 0.0000
Items Unit Sample B+C Sample B+D
Pour point C -39 -39
Kinematic viscosity (40 C) mm?/s 3.4250 3.4180
Density (15 C) kg/m? 884.0 891.4
Calorific value kcal/L 9459 9474
Lubricity (HFRR WSD) (m 221 205
Total aromatic compounds vol% 34.42 41.34
Metal contents Na mg/L 0.0000 0.0000
K mg/L 0.0000 0.0000
60 30
50 | 2
g 40 ”é 20
‘g -30 | ‘g 15
& 2
10 5
0 0l
A B C D A« A+D B+C B+D A B C D A+ A+D B+C BsD
Fig. 4. Results of pour point and viscosity analysis for comparing the refined fuel oil(Reduced

pressure) with the refined fuel oil-mixed the by—product fuel o0il(No2).
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Fig. 5. Results of density and net calorific value analysis for comparing the refined fuel
oil(Reduced pressure) with the refined fuel oil-mixed the by—product fuel oil(No2).
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Fig. 6. Results of lubricity and aromatic content analysis for comparing the refined fuel
oil(Reduced pressure) with the refined fuel oil-mixed the by—product fuel 0il(No2).
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