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Abstract — Lipids in microalgal biomass were recovered by using pyrolysis method. The pyrolysis experiments of two
Chlorella sp. KR-1 samples, which have triglyceride contents of 10.8% and 36.5%, respectively were carried out at
600 °C to investigate the effects of lipid contents in the cells on the reaction characteristics. The conversion and liquid
yield of the lipid-rich sample were higher than those of the lipid-lean sample since its carbon to hydrogen ratio was low.
There were low molecular weight organic acids, ketones, aldehydes and alcohols in the liquid products from both KR-1
samples, but the pyrolysis oil of the lipid-rich sample was abundant in free fatty acids, particularly palmitic acid, oleic
acid and stearic acid while the content of nitrogen containing organic compounds was low. The microalgal pyrolysis oil
had two layers composed of the light hydrophobic fraction and the heavy hydrophilic fraction. The light fraction might
be originated from triglycerides and the heavy fraction might be from carbohydrates and proteins. In the light fraction of
the liquid products, there were considerable linear alkanes such as pentadecane and heptadecane as well as free fatty
acids, implying that deoxygenation reaction including decarboxylation was occurred during the pyrolysis. The yield of
the liquid products from the pyrolysis of the KR-1 sample having triglyceride content of 36.5% was 56.9% and the light
fraction in the liquid products was 68.2%. Also more than 80% of the light fraction was free fatty acids and pure hydro-
carbons, thus showing that most triglycerides could be extracted in the form of suitable raw materials for biofuels.
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Fig. 1. Reactor scheme for pyrolysis of microalgae.
1. N, bombe 7. Bellows tube
2. Gas regulator 8. 1% condenser
3. Controller 9. Oil receiver
4. Electric furnace 10. 2" condenser
5. Furnace lid 11. Liquid N, trap
6. Thermocouple 12. Gas vent
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29.7%% Chlorella 250} H9JT) o]i= SR A 85fo] 875 11 (b) Chlorella 2
2aL CHHIZE Sas sl Aehs Bl ed s80] S71ehe ¢ Fig. 2. Liquid product yields with time ((a) Chlorella 1, (b) Chlo-
")}, rella 2).
3-2. OMIER GE6l @Y &AM Table 2. Yields of gas, liquid and residues from pyrolysis of Chlorella
RS AR A ES ol S0 RelEgit], A 7 . KR-1
_ _ - — < : 0 .
AR hexanes] §alllo] Aoln] B FARE A & Sample G (wi%) — oy O Resue
wigh Aol 4] B3k A oA SRelvh Aok A5 gelehe o % — Light Moy  Tow d
- - Chlorella 1 24.1 27.1 19.1 46.2 29.7
eS| Z7 Balo Z=z uld Aulile] ujEyE Ao orE} o
M. 34 A= TE e el e 2 S Chlorella2  20.8 388 18.1 56.9 223
u) Rl elste] AYHSIT A B A Rk ol
Table 1. Elemental analysis of the microalgae and the light fraction in the microalgal pyrolysis oil
Sample C (wt%) H (wt%) N (wt%) S (wt%) O (wWt%)
Mi I Chlorella 1 47.8 7.1 8.1 0.5 28.7
icroalgae
& Chlorella 2 534 8.3 24 04 29.4
Light fraction in the microalgal Chlorella 1 64.8 9.6 94 0.2 16.1
Pyrolysis Ol Chlorella 2 76.4 113 26 0.2 10.5
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Table 3. Major compounds in the light fraction of the microalgal pyrolysis oil identified by GC/MS

Chlorella 1 Chlorella 2

Compounds GC/MS peak area (%) Compounds GC/MS peak area (%)
Hexadecanamide 2.81 5.64 Palmitic acid 24.94 27.89
Neophytadiene 11.46 5.28 Oleic acid 14.9 12.89
Pentadecanenitrile 2.33 4.96 Stearic acid 7.22 6.49
Palmitic acid 8.68 4.72 Pentadecane 3.01 4.84
Indole 3.54 4.55 Heptadecene 241 332
Hexadecene 3.61 3.96 Pentadecanenitrile 0.90 2.65
Toluene - 3.28 Heptadecane 1.47 2.13
Naphthalenone 0.35 1.89 Hexadecanamide - 1.58
Octadecanamide - 1.74 Tetradecene 0.69 1.17
Pentadecane 2.33 1.71 Oleanitrile 1.10 1.14
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Fig. 3. Boiling point distributions of the pyrolysis oil (Chlorella 2)
and soybean oil.
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Table 4. Composition of the free fatty acids (carbon numbers of 16
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17) according to GC/MS peak area

Carbon number Peak area (%)
Free f y 16 21.65
ree fatty acids 18 1728
. 15 497
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17 4.11
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Fig. 4. GC/MS chromatogram of the light fraction in the pyrolysis oil (Chlorella 2).
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Table 5. Product distributions in the light fraction of the pyrolysis oil from Chlorella 2 (peak area of GC/MS)

Class Free fatty acid Pure hydrocarbon Oxygenated Nitrogenous O, N-heteroatom Others
Peak area of GC/MS (%) 42.8 37.5 6.5 7.7 23 1.2
4.4 B
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