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Abstract : Recently, due to the activation policy of biodiesel, the blending biodiesel to petroleum
product is increasing. Low—temperature fluidity and oxidation stability are the most significant
issues to the marketers and end users of biodiesel. Thus, the way to control the quality of biodiesel
blended fuels was investigated by duplicating the real storage situation of biodiesel blended fuels
and evaluating the effect of oxidation trend and quality degradation. From the results of oxidation
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degradation test of biodiesel blended fuels, no special quality degradation has been observed
through the evaporation for 18 weeks in a summer season under a storage circumstance without

exposure to the sun light. However, the severe quality degradation was observed in PE vessel in
only 2 weeks of storage. This oxidation degradation was also verified with FT-IR spectrum
change. However, the special symptom cannot be distinguished by the quality test because the

quality specifications were satisfied despite of the drastic oxidation degradation. Namely, the
problem in a vehicle could be occurred by oxidation materials(polymer, organic acid. etc.) under

oxidation even though it satisfied the quality specification.

Keywords : Diesel, Biodiesel, Oxidation stability, Cetane number, FT-IR
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@ Initiation
RH — R- + H:
RH + O, — R- + -OOH
ROOH — ROO- + -OH
2ROOH — RO- + ROO- + H,O

@ Propagation
R- + O, — ROO-
ROO- + RH — ROOH + R-

(@ Termination
R- + R = RR
ROO- + ROO- — ROOR(Inert material) + O»
ROO- + R- — ROOR

Fig. 1. Typical oxidation mechanism of
hydrocarbon materials.
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Table 1. Temperature Profile during Storage
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Element Jun Jul Aug Sep Oct
Mean 23.7 26.1 26.1 21.3 13.6
Temp.(C) Highest 32.9 34.9 35.0 32.4 22.9
Lowest 14.4 19.7 17.7 11.3 11.0
Rel. Humid.(Mean,%) 67 82 78 70 68
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(a)
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Fig. 2. (a) Fuel tank, (b) Iron container (18L), and (c) PE container (20L) are used as storage

container for testing container effect.

(a)

(c)

Fig. 3. Test method of (a) air contact(cap open), (b) temperature effect(storage in 60C oven)

and (c) metal(Cu) contact.
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Table 2. Test Items and Conditions

Oxidation factor Test method Storage container Period
Storage container Inside/outside storage  Fuel tank/Iron/ PE container
. Outside(rooftop)/ .
Exposure to sunlight Inside(warchouse) Iron/PE container Jun. ~ Oct.
Air contact Close/open cap PE container (18weeks)

Metal contact Cu metal specimen

Temperature

Room temp./60°C oven

PE container
Iron container
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FT-IRE o]§sto] ~HEY Hisks Taaalrt

Table 3o B713E 9@ AgHHe] diste] A

2lshaict.

Table 3. Test Method for Evaluation of
Oxidation Degradation

Property(unit) Test method

Cetane number ASTM D 6890
Density at 15C(kg/m3) ISO 12185
Viscosity at 40°C (m*/s) ISO 3104
Acid number(mg KOH/g)  ISO 6619
Color visual
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Table 4. Quality Test Results of BD100 and BD Mixed Diesel for Oxidation Test

BD100/BD mixed diesel

Test result

Property(unit) i Test method
o (EI\BIDlleOIAL) (]?I\lleﬁsgz)) BDI00 - BDZ  BDS

FAME (wt%) 96.5 1 71 97.8 1.9 5.2 EN 14103
Flash point (C) 120 1 551 176 46 48 ISO 2719
Viscosity at 40°C (mm?/s) 3.50-5.00  2.00-4.50 4.16 222 227 ISO 3104
Sulfur (mg/kg) 101 101 1.43 414 410 ISO 20846
CFPP (C) 51 =51 -1 - - EN 116
Density at 15C (g/cmS) 0.860-0.900 0.820-0.845 0.882 0.822 0.824 ISO 3675
Water content (ug/g) 500 | 200 | 301 - - ISO 12937
Acid value (mg KOH/g) 0.50 | - 007 - - EN 14104
Total glycerol (wt%) 0.24 - 0.029 - - EN 14105
Monoglyceride (wt%) 0.80} - 0.021 - - EN 14105
Diglyceride (wt%) 0.20} - 0.001} - - EN 14105
Triglyceride (wt%) 0.20} - 0.001 1} - - EN 14105
Free glycerol (wt%) 0.02} - 0.008 - - EN 14105
Oxidation stability (110°C, h) 61 - 13.7 - - EN 14112
Cetane number 51t 52t - 54 54 ASTM D 6890

Table 5. Oxidation Degradation by Storage in PE Container under Sunlight

Storage time(week)

Increase Increase rate
0 18
Cetane number 52.7 74.5 21.8 41.4%
Density (kg/m’) 821.4 824.7 3.3 0.4%
Viscosity (mm?/s) 2.212 2.338 0.13 5.7%
Acid number(mg KOH/g) 0.096 0.324 0.229 234%
Table 6. Oxidation Degradation by Metal Contact
Storage time(week)
Increase Increase rate
0 18
Cetane number 52.7 75.1 224 42.6%
Density (kg/m’) 821.4 825.9 45 0.55%
Viscosity (mm®/s) 2.212 2.372 0.16 7.23%
Acid number(mg KOH/g) 0.096 0.652 0.557 581%
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(a) Cetane number
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Fig. 4. Test results of (a) cetane number, (b) viscosity, (c) density and (d) acid number of BD2
according to the storage containers.
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(a) Cetane number
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(b) Viscosity
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(c) Density
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(d) Acid number
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Fig. 5. Test results of (a) cetane number, (b) viscosity, (c) density and (d) acid number of BD2
according to air contact(cap close/open condition).
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(a) Cetane number
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Fig. 6. Test results of (a) cetane number, (b) viscosity, (c) density and (d) acid numberof BD2
according to the metal(Cu) contact.
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(a) Cetane number
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Fig. 7. Test results of (a) cetane number, (b) viscosity, (c) density and (d) acid number of BD2
according to the temperature(Room temp./60°C).
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Fig. 9. Color change of oxidized samples ((a) Outside—PE container—BD2,
(b) Outside—PE container with Cu-BD2, (c) Outside—PE container—BD5).
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Fig. 10. Comparison of BD2 to BD5 in
oxidation degradation(after 18 weeks).
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Fig. 12. Magnification of C=0 band
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oxidized samples.
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