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Abstract  Bio diesel has advantages to reduce GHG(Greenhouse Gas) compare with the fossil
fuel by using oil comes from plant/animal sources and even waste such as used cook oil. The
diversity of energy feeds brings the positive effects to secure the national energy mix. In this
circumstance, micro-algae is one of the prospective source, though some technical barriers. We
analyzed the bio diesel which was derived from Dunaliella tertiolecta LB999 through the BD100
quality specifications designated by the law. From that result, it is revealed that the oxidation
stability is one of the properties to be improved. In order to find the reason for low oxidation
stability, we analyzed the oxidation tendency of each FAME components through some meth-
ods(EN 14111, EN14112, EN16091). In this study, we could find the higher double bond FAME
portion, the more oxidative property(C18:1<C18:2<C18:3) in bio diesel and main unsaturated
FAME group is acted as the key component deciding the bio diesel’s oxidation stability. It is
proved experimentally that C18:3 FAME are oxidized easily under the modified accelerated oxida-
tion test. We also figure out low molecular weight hydrocarbon and FAME were founded as
a result of thermal degradation. Some alcohol and aldehydes were also made by FAME oxidation.
In conclusion, it is necessary to find the way to improve the micro-algal bio diesel’s oxidation
stability.
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Table 1. Biodiesel specifications(BD 100) of Republic of Korea[3]

Properties Criteria Methods
1 FAME(Wt%) 96.57 KS M 2413, EN 14103
2 Flash point(*C) 120 T KS M ISO 2719
3 Kinematic viscosity(40C ,mi/s) 1.9 ~ 5.0 KS M 2014
4 Carbon residue(wt%) 0.1} KS M ISO 10370
5  Sulfur(mg/kg) 10 KS M 2027
6  Ash(wt%) 0.01] KS M ISO 6245
7  Cooper corrosion(50C, 3h) 11 KS M 2018
8 CFPP(C) (S)0 L (W) KS M 2411
9  Density(15C ,kg/ni) 860 ~ 900 KS M 2002
10 Moisture(wt%) 0.05 KS M ISO 12937
11 Sediments(mg/kg) 24 ] EN 12662
12 Total Acid(mg KOH/g) 0.50 | KS M ISO 6618
Total glycerol(wt%) 0.24 | KS M 2412
Mono glyceride(wt%) 0.80 | KS M 2412
13 Diglyceride(wt%) 0.20 ] KS M 2412
Triglyceride(wt%) 0.20 ) KS M 2412
Free glyceride(wt%) 0.02] KS M 2412
14 Oxidation Stability(110C, h) 67T EN 14112
15  Methanol(wt%) 021 EN 14110
. (Na + K) 54 EN 14108, 14109
16 Alkali Metal
(Ca + Mg) 51 EN 14538
17 Phosphorus(mg/kg) 10 EN 14107
A4 volerjde 424 URE /Mo 7 Bk ¢ 28w gl nEel dRg, 4200 FA%
st 091 ghedol 1 O Aol s HEAY  1el3 ByolAote] v} tlmAolth vl =y
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Table 2. Biodiesel productivity dependent on various feedstocks[7]

Raw product Oil Contents (A) Harvest (B) Cropland (C) Productivity (D)
Corn (Zea mays) 44 172 66 152
Cannabis sativa (Cannabis sativa) 33 363 31 321
Soy bean (Glycine max) 18 636 18 562
Jatropha curcas 28 741 15 653
Camelina sativa 42 915 12 809
Rapeseed (Brassica napus) 41 974 12 862
Sunflower (Helianthus annuus) 40 1,010 11 946
Ricinus communis 48 1,307 9 1,156
Palm (Elaeis guineensis) 36 5,366 2 4,747
Microalgae(Low Oil Conc.) 30 58,700 0.2 51,927
Microalgae(Mid Oil Conc.) 50 97,800 0.1 86,515
Microalgae(High Oil Conc.) 70 136,900 0.1 121,104

¥ unit: (A)=%, (B)=L oil/ha/year, (C)=m*/year/kg biodiesel, (D)=kg biodiesel/ha/year
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Figure 1. Priciple of Rancimat & Example test data(Induction period = 4.54h)
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Figure 2. Example data of petroxy test
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Table 3. Comparsion oxidation stability of D. tertiolecta LB999 & C18:2, C18:3 FAME

Iodine Value

Oxidation stability(hr)

(g L/100g) Rancimat Petro-oxy
D.tertiolecta 1.B999 C18:3(24.6%) 189.15 0.17 0.08
Linolenic acid ME(C18:3) 196.10 0.48 0.07
Linoleic acid ME(C18:2) 134.80 1.01 0.10
Oleic acid ME(C18:1) 442 2.79 0.18
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Figure 3. Relations between oxidation stability(Rancimat & PetroOXY) and lodine number
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Table 4. The results of D. fertiolecta LB999 ’s accelerated oxidation. (a)Oh, (b)12h, (c)24h, (d)48h.
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Table 5. The results of Dunaliella tertiolecta 1LB999 ’s oxidants in solvent(48h)
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i ® A A"’E‘Eﬁ‘ - Jan‘ ““é‘_n 1:;-in :lr;;hll R I, ) W M,

R.T. (min) Component Formula
1 Hydrocarbon 3.34 Heptane C7H16
2 Hydrocarbon 3.389 Octane C8H18
3 Aldehyde 5.129 Pentanal C5H100
4 Aldehyde 6.411 Hexanal C6H120
5 FAME 7.863 Hexanoic acid ME C7H1402
6 Aldehyde 9.949 2-Heptanal C7H120
7 FAME 10.742 Octanoic acid ME C9H1802
8 Aldehyde 11.383 2-Octanal C8H140
9 Alcohol 11.453 1-octen-3-ol CsH,60
10 Aldehyde 11.814 2,4-Heptadienal C;H,00
11 Aldehyde 12.234 2,4-Heptadienal C,H,0,0
12 Aldehyde 15.964 2.4-Decadienal Ci0H160
13 FAME 17.964 Methyl Tetradecanoate C;5H300,
14 FAME 18.168 6-Nonenoic acid ME CioH1502
15 FAME 18.57 Tridecanoic acid ME C14H230,
16 Condensate 18.616 Nonanoic acid,9-oxo- ME CioH 503
17 18.698 6,9-Pentadecadien-1-ol Ci5Ho30
18 20.388 Hexadecanoic acid ME C17H340,
19 20.68 9-Hexadecanoic acid ME C7H3,0,
20 20.761 9-Hexadecanoic acid ME Ci7H3,0,
21 21.286 7,10-Hexadecadienoic acid ME C17H300,
22 Sample 22.149 9,12,15-Octadecatrienoic acid ME Ci9H3,0,
23 22.562 methyl 4,7,10,13-Hexatetraenoate C17H60,
24 23.32 9-Octadecenoic acid ME Ci9H360,
25 23.985 9,12-Octadecadienoic acid ME C19H3,0,
26 24941 9,12,15-Octadecatrienoic acid ME C9H3,0,
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