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ABSTRACT In this study, microalgal oil was extracted from Nannochloropsis oceanica cultured in an open raceway pond and
converted into biodiesel using a solid acid catalyst. Microalgal oil was extracted from two types of microalgae with and without
nitrogen starvation using the KOH-solvent extraction method and the fatty acid content and oil extraction yield from each microalgae
were compared. The fatty acid content of N. oceanica was 184.8 mg/g cell under basic conditions, and the oil content increased to
340.1 mg/g under nitrogen starvation conditions. Oil extraction yields were 90.8 and 95.4% in the first extraction, and increased to
97.5 and 98.8% after the second extraction. Microalgal oil extracted by KOH-solvent extraction was yellow in color and had reduced
viscosity due to chlorophyll removal. In biodiesel conversion using the catalyst SO,”/HZSM-5, solvent-extracted oil showed a FAME
content of 4.8%, while KOH-solvent-extracted oil showed a FAME content of 90.4%. Solid acid catalyst application has been made
easier by removal of chlorophyll from microalgal oil. The FAME content increased to 96.6% upon distillation, and the oxidation
stability increased to 11.07 h with addition of rapeseed biodiesel and 1,000 ppm butylated hydroxyanisole.
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Fig. 1. Microalgae cultivation facility of Yantai Hearol Biotec—
hnology Co., Ltd.
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Table 1. Fatty acid contents and compositions of A, oceanica

Fatty acid Basic condition N starvation
[ mo/g ] [%] [ mo/g ] [%]
C14:0 12.6£0.2 6.8 16.5+0.9 4.9
Cl4:1 0.610.0 0.3 1.34+0.0 0.4
C16:0 53.04+0.8 28,7 120,3+3.4 35.4
C16:1 35.2%0.5 19.1 98,1+2.3 28.9
Cc1r 0.4+0.0 0.2 0.5+0.1 0.1
C18:0 5.240.1 2.8 27.6+1.6 8.1
C18:2 3.7+0.0 2.0 6.41+0.3 19
C20:5(EPA) 37,4103 20.2 28,6+1.6 8.4
Etc, 36.84+0.9 19.9 40.8+0.1 12.0
Total 184.8+2.8 | 100.0 | 340,1+£10,3 | 100.0
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Table 2. Oil extraction yields by KOH—solvent extraction

Microalgae | 1% vield (%) | 2™ yield (%) | Total yield (%)
Basic condition| 90.8+1.8 6.8+0.4 97.5+1.4
N starvation 95.4+1.4 3.4+0.3 98.8+1.1

Table 3. Biodiesel conversion of microalgal oil

FAME(%’”te”‘ KOH | HpSOs | HZSM=5 | SO /HZSM—5
Solvent
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extraction
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Fig. 4. Reuse of solid acid catalyst for biodiesel conversion

FAME content (%)

2023, 12 Vol.19, No.4 31



SRR - IRA - YRIA - 2T - e - e

[ru

717} 96.6, 97.0, 97 1%7HA] S7Ft3lon, 12 S75
stof Hioletd =4 7l+xl 96.5% O|AF T 3}9;11:}
(Fig, 5 B2, 1, 2, 33 250 B2 volor)a 488
2471 88.7, 96.1, 98 l%ME]'
RBRPRS vole i) AL e e W
o] Qle}, R4 Ul ofF At 17)17HA] 9] EE8
Pk o] HE w2 ARRKRFYAS UEl AL, ofF
A} 27l o)) BaSIAAL FeFo] whE i W2 Al
QPgAge melth Y nlo| oo Alslr) Apate] o)% A
3 K Bof A WrAIE)7] wjEo|w, monoallyric methylene
Ht} bisallyric methylene F-320)|A4] AF8) £ &7} o w2
7] wjo|c},
200°CollA 73tk nNlERT Hiol o o] 4lelebAd
2 0,85A17Fe. 7 ol o)A B4 7]E%]Q] 64|17 oA
TEA)717] $lote] B4 Aol RS N, oceanica
olF Aol 571Q1 |7} AFAHEPA) &f ko] szof
AP B4 Helth TS vlAl2F Hiolet
F7F A AL Qs Lo A4kt
A agEo] T W2 ARRHAE UE
. AR AR A 7S st ] fistod

2

O:

hy

2 I rlr

(T
N o 1o flo
N
=i
2 OH
oX
2
X
=

9
2
?i'
Lo
> F

=

——

FTEEy ] 'o'\T;iEfli' m‘-&ci
r;i%l 2R3 Wy

0 w0l el

—" — G
— -

Fig. 5. Biodiesel distillation

Oxidation stability (hr)
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Table 4. Oxidation stability of microalgal biodiesel with pyrogallol
concentrations

Pyrogallol concentration Oxidation stability
(ppm) (hr)
0 0.85
500 2.89
1,000 4,18
1,500 5.05

Table 5. Oxidation stability of biodiesel with rapeseed BD
blending (500 ppm)

Microalgal BD : Rapeseed BD Oxidation stability
(w/w) (hr)
2:8 12,68
4:6 9.92
5:5 5.93
6:4 4,95
8:2 1.67
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Table 6. Oxidation stability of biodiesel with butylated hydro—
xyanisole concentrations

Microalgal BD : Rapeseed BD (6:4, w/w)

Butylated hydroxyanisole Oxidation stability
concentration (ppm) (hr)
500 4,95
1,000 11,07
1,500 13,36
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