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Abstract : Biodiesel has very similar physical properties (density, kinematic viscosity) and has

even higher cetane number compare with conventional diesel. There are no necessity to change or

modify the infra—structure & engine system. It is known that fatty acid methyl ester (FAME) is
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oxygen—contained components increasing the combustibility, biodegradability and reduced the
exhaust harmful gas. These things made the biodiesel more popular as an alternative diesel fuel.

But biodiesel’s sources are controversial issues about CO, reduction effect at this time because
those mainly come from edible plants such as soy, palm, rapeseed already spent lot of CO; to
cultivate. Whereas micro—algae is focused because they are inedible and has rapid growth rates &

high carbon-dioxide adsorption rate per area. In this study, we analyze the each FAME
components using GCXGC-TOFMS in stead of GC-FID and verify the previous total FAME
contents method’s applicability through the micro algal biodiesel derived from Dunaliella tertiolecta.

Keywords : Automotive Diesel, Biodiesel, Micro—algae, Diesel, Fatty Acid Methyl Ester, Dunaliella

Tertiolecta
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Table 1. Biodiesel Productivity Dependent on Various Feedstocks [7]

Raw product Oil Contents Harvest Cropland | Productivity
(A) (B) © 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 Qil 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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Fig. 1. Lipid contents reported for various
algal speciesm wt%[15]
% Confidence intervals are min. and
max. of reported values

2. d4 &

21, M H W=

2 AT A8H ANBE Dunaliella tertiolecta
FToA FE=H A wE o2EE HHS A
Z Hole oyt Hio]e A f FAME b &
Aol AFgEE AIEHH F 7P F2ol 3"
EN 1410314 st Sle= WirasE=dd
99.5%°14° =& 7= Aldrichik9]
Nonadecanoic acid methyl ester(FAME C19:0)
o] A8Hgon wolenun WREEEYe
sl4e A% 8= tigskeite] HPLCES =
& AHgSHT

ol

Table 2. GC-FID Conditions for FAME[10]

BRI LR E RS

22, A X H A WY

HWIZS% # Helend Fof FAME 4&
BEaxE HAEsSH] {dll Agilentiit 7890A E &
GC-FIDS} wlzjw]zie] cfigt HUEAT 42 2
EE A8 Lecoiil®] GCXGC-TOFMSE A&
sttt A FAME A& ZAMFE §J$t GC-FID
v EFoERZYEes BAGer Zo] 30M,
g 0.25m 2 F7 0.25m 279 DB-WAXZ
e olgalglen] o] Fenel WER L%

= Z¥ZF 250C= AAstn B9 2xl 60T
oA 240C7H7] 5 T2 o]g3lo] KA
S Edlo] dojxl IzufEI#Mo] m3 WA
WREEEE(C19:007e]  HAHE  o]§5}o]
FAME & 9 g&= 54 & Stk
_EA) -4y 5 Cet X"’s.' x 100
Ag W )

o714 N AE Ci4~Cy FAME 1=9] A H
751' % 9’] U] 5]']3:] AEI% LH—r_u_-v‘E =
Nonadecanoic acid methyl ester T32] A,
Coe Y WEEEE4Y sEg/m)E, Vie
9 WREEE4Y Ro(m), W A= FA
(mg)E ebHTE[10]
HuEAe 95 %
£ AHgstalet
o4

Sl
A 47t B3

F2) 2= GCXGC-TOFMS
o]Ato] cH O

5 o
ool 7|& 7taaR
HAo|

RO EE o]§1t % e o=l ‘21
E} = 0131 “—Erol Adold Ze=# il A

9]
L Aol HM¥El=T]

S5l 27h0] AL ol
COxGOIL Hasit, dAos 9] 24 5

Component Description
Column DB-WAX(30m x 0.25mm X 0.25um)
Inlet
Temp 250C
Split Ratio 100:1
Pressure 11.72psi
Oven
Program rate 60C(2min) — 10°C/min — 200C — 10°C/min — 240°C(7min)
Run time 34min
Detector
Temp 250C
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Table 3. GCXGC-TOFMS Condition

Dunaliella tertiolectas ©]-&

R g slolociael FAME 4% 54 97 5

Detector Injector

UJ UJ

% u

1stcolumn

nss (pA)

espol

R
[ S—
3
n
[ ]
L1}

Modulator

Response (pA)

Retention time (min)
Fig. 2. Schematic diagram of
GCXGC-TOFMS
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Component Description

Column
Ist column
2nd column

DB-WAX@B0m X 0.25mm X 0.25(m)
Rxi—17(0.89m X 100mm X 0.10um)

Inlet
Temp 240°C
Split Ratio 100:1
Total Flow 101ml/min(Constant flow)
Oven
Ist Oven
Program rate 60C(2min) — 10C/min — 200C — 5°C/min — 240°C(25min)
Run time 49min
2nd Oven
Program rate 75C(2min) — 10C/min — 215C — 5C/min — 255C(25min)
Run time 49min
Modulator
Temp offset 30°C higher than 1st oven temperature
MS(TOF)
Acquisition delay 410 Sec.
Mass range 35~600
Ion source temp 230C
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Fig. 3. Chromatogram of Dunaliella teriolecta (a)

Table 4. FAME Components of Biodiesel Depends on Sources

Retention time (min)

(b)
w/o ISTD, (b) w/ISTD

Micro Animal Plant
Algac Remark
Dunaliella Palm Used
rertiolecta Lard Tallow Coconut Kernel Soy cook Oil Palm
C8:0 6 3
C10:0 5 4
C12:0 44 52
C14:0 2 3 17 16 1
Cl4:1 1
C15:0
C16:0 19.6 23 25 9 7 10 16 48
Cl6:1 3 4 1
C17:0 1.8 0.5 0.5
C17:1 1.8
C18:0 0.5 11 11 3 1 5 4 5
C18:1n9¢ 7.5 44 43 7 11 22 33 37
C18:2n6¢ 9.7 11 8 2 2 51 37 9
C18:2n6t 5.0
C18:3n3 32.4 1 1 1 1 7 5 1
C20:1n9¢ 1
C20:4n6
C20:5n3
etc 20.1 2 2 3 1 3 3 0
Total 98.4 98.5 98.0 96.7 97.6 97.5 98.5
o] M3 E e Ad vuFs o o|He] gH A2 dojxl m3 HEE ARE #lE 9t
E Dunaliella tertiolecta$-#] Hto]et]do] Hrh H| & AASIAT. Table 49} Zo] Cig.09 oSF
e Agem A0l YSL U 4 ARe ol 20%0] 2L dewl olAsel
w, Zt #30] gt A8 e flste] gE 7t Cig3n3©] 32%5 ZFA|ste Aoz yeytth gyt
e FAME HEEA( 33%9 HEALR Hog w4 L7t A olFdste] gle Tk
FAME #Z2d)% vNE2FF Heolood & A &2 ol =2 AS A2F54dol Fst
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Table 5. The Results of Unknown Components

Dunaliella tertiolecta Match
Retention Time Components (%)
1 15.95 5,8—Octadecadienoic Acid ME 87.5
2 17.66 7-Hexadecenoic Acid ME 86.4
3 17.98 7,10-Hexadecanoic Acid ME 89.0
4 18.15 9,12,15-0Octadecatrienoic Acid ME 86.1
5 19.24 4,7,10,13-Hexadecatetraenoate Acid ME 86.0
6 20.03 Cyclopropaneoctanoic Acid ME 75.3
7 20.36 6,9-Octadecadienoic Acid ME 87.7
8 21.75 Methy!l Stearidonaic Acid ME 89.9
Unknown Peak 8ea

A, olFEH 47t IS & B AREAEe FAME sig off HEZ} et Zos yey
M= AFRleEE o] Hotalixle Zo=m e oh. T3t FAME o 248 91 AW
A A H&o] ol o]  ARESHAH (EN14103)= ol-8sh= ¢ 7I< Holeyd 4
Dunaliella tertiolecta= 87l12] W=7} ujz] HE Hojl= LHERLEZ] &erd Trans—9,12-
o7 H2rgon AYHMS Est n|x|mao) Octadecadienoic acid methyl ester(Cig:one) 7t A

Fig. 4. Spectrums of Dunaliella teriolecta using GCX GC-TOFMS

- 326 -



3.2, UEM Hnt

Dunaliella tertiolecta &4olA =2 ¢k
n) o3t PAste] FAME sdeiRE gklst
7] 9181 GCxGC-TOFMSE olg3tict. At
2HEZUEE HEgoZ Y]E Hlo|lofd 24
& Ztaa2utE o] 24 AuE HEE Al
7Y 8E 4AES VIeeR nA] HA9 fAE
FAoto] AR #AL AAskd 1 A
Table 59} o] 87] m= &% Hiolerjde] ¢
=59l FAMES] ofgst= Zos ueigoen 1
T 47 AE2 7€ FAEA dERH Hele
o] Alof| A = =5 preetl e
(Cyclopropaneoctanoic  Acid, Ci7.0)¢} ©15 2%
o] 47§ ZFH(Methyl Stearidonate, Cig:a) ™2
ol~E7|7t et S HAET 4 AU

4. 2 E

27k A7) e 28
stz Qg =7o] Qe 7|E 4 A]
Htoleojd Al ZbgHa Qe wARF
Dunailella tertiolecta®S ©]-&5t Hlo]et]
stHsle] V)& Aoz FAMESHEF 24
25 S45em I A vepd vlA]
S GCxGC TOF-MSE o]&35to] HUrA
th AR B4 Z3 7]E dpolegAe] 7t
1070e] FAMEETD} ¥l #9]e] ohafst A+(16
7f ol el WEoAHE FAEIUSS WA
g & it o] wEe] 7]E HpolerAo]
FAMEZ#S E4517]195] AHeEE WHESEE
A(C19:00 mA|RFRe Hiolerde] dRA
H(C18:2n61) 7te] A d4o] yepds AT
4 Al

T35 7)1E vpolebdo s HEHA &dH
oA 4 ool AT = o|FAT TF
2 7|& vpolebAe] gHoa oA gt
APSIIFAS oS o5t Al Aoz ofAtHr)
FAE Hroletde] e Fof ot
g, 82 FdFolgte el wet 144
o] gatd £ SQltke Aol & o thet b

o
_\::L

>
o

N
i
Lo

1l
M ¥2 w2 o ol ox &

PORCIRTE

¥
o
T
=)
=
BN

2 fe

LR Eras
57 Fol Wi 4= 24 2nE 24T dart
A& Aoz FAHAG

aAel 2

B OATE 20144 SR SfopmlA ol
§ vlolotd AA|EATATLY HUoz 2
sk shaptolecu Al AAIEATAH ] A9
2ol auglon, olo] FAEHUE (Hol
oz EAFAS U LGS e AW, No,
D10906213H320000111)

References

1. A. Kirrolia, N. R. Bishnoi, and R. Singh,
Microalgae as a boon for sustainable
energy production and its future research
& development aspects. Renew. Sustain.
Energy Rev. 201 642-656(2013).

2. A, E. Atabani, A. S. Silitonga, 1. A.
Badruddin, T. M. I Mahlia, H. H.
Masjuki, and S. Mekhilefd, A
comprehensive review on biodiesel as an
alternative  energy  resource and its
characteristics. Renew. Sustain. Energy Rev.
16: 2070~ 2093(2012).

3. Moon-Yong Lee, Jin—Hui Lee, Current
Situation and overview of bioediesel over
the global view. [ of Korean Oil Chemists’
Soc. 30: 528-539 (2013).

4. A. S. Silitonga, H. H. Masjuki, T. M. 1.
Mabhlia, H. C. Ong, W. T. Chong, and M.
H. Boosroh, Overview properties of
biodiesel diesel blends from edible and
non—edible  feedstock.  Renew.
Energy Rev. 22 346-360(2013).

5. J. Singh, and S. Gu, Commercialization

Sustain.

potential  of microalgae for  biofuels
production. Renew. Sustain. Energy Rev.
14: 2596-2610(2010).

6. M. K. Lam, and K. T. Lee, Microalgae
biofuels: A review of issues,

problems  and  the way  forward.

critical

- 327 -



Vol. 31, No. 2 (2014) Dunaliella tertiolectas ©]-&3F n|A|ZF G2 Hio]etjdo] FAME A& EA 3 9

Biotechnol. Adv. 30: 673-690(2012).

13. R. O. Dunn, Effects of minor constituents

. R. Halim, M. K. Danquah, and P. A.
Webley, Extraction of oil from microalgae
for  biodiesel production: A review.
Biotechnol. Adv. 30: 709-732(2012).

. S. Amin, Review on biofuel oil and gas
production  processes from  microalgae.
Energy  Convers. Manage. 500 1834~
1840(2009).

. S. K. Hoekmana, A. Brocha, C. Robbinsa,
E. Cenicerosa, and M. Natarajanb, Review
of biodiesel composition, properties, and
specifications. Renew. Sustain. Energy Rev.
16: 143-169(2012).

. BRITISH STANDARD BS EN14103:2003
Fat and oil derivatives —Fatty Acid Methyl
Esters (FAME)-Determination of ester and
linolenic acid methyl ester contents.(2003)

. Jae=Kon  Kim, Jo—-Yong Park, Fuel
properties of various biodiesel derived
vegetable oil. J. of Korean Oil Chemists'
Soc. 30: 45-48 (2013).

. J. Pullen, and K. Saeed, An overview of
biodiesel  oxidation  stability.  Renew.
Sustain. Energy Rev. 16: 5924-5950(2012).

- 328 -

on cold flow properties and performance
of biodiesel. Prog. Energ. Combust. Sci.
35: 481-489(2009).

. P. V. Bhale, N. V. Deshpande, and S. B.

Thombre, Improving the low temperature
properties of biodiesel fuel. Renew. Energy
34: 794-800 (2009).

. SKent, Amber Broch, Review of biodiesel

composition, properties, and specifications.
Renew. Sustain. Energy Rev. 16: 143-169
(2011).

Jae—Kon Kim, Jo—Yong Park, Biodiesel
Production  Technology  from  Sewage
Sludge. /. of Korean Oil Chemists’ Soc. 30:
688-700(2013).

. M. Oguma, N. Chollacoop, EAS-ERIA,

Biodiesel fuel trade handbook 2010,
27-62(2010).

. J. =L Park, H. -C. Woo, and J. -H. Lee,

Production of bio—energy from marine
algae: Status and perspectives. Korean
Chem. Eng. Res. 46: 833-844(2008).



