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Abstract — As an alternative fuel, biodiesel has excellent lubricating property. Previously, our research group
reported that the properties of biodiesels depended on their composed molecular structure. In this study, we inves-
tigate lubricity and the mechanism of lubricity improvement of synthesized biodiesel molecules. We synthesize
four types of biodiesel components from fatty acid via fisher esterification and soybean biodiesel from soybean
oil via transesterification in high yield (92-96%). We analyze the lubricity of the five 5 types of biodiesel using
HFRR (high frequency reciprocating rig). We estimate that the mechanism of lubricity is relevant to the molec-
ular structure and structure conversion of biodiesel. The test results indicate that the longer the length of mol-
ecules and the higher the content of olefin, the better the lubricity of the biodiesel molecules. However, the wear
scar size of the first test samples’ do not show a regular pattern with the wear scar size of the second test sam-
ples’. Moreover, we investigated the structure conversion of the biodiesels by using GC-MS for the recovered
biodiesel samples from the HFRR test. However, we do not detect structure conversion. Thus, we conclude that
the lubricity of biodiesel depends on how effectively solid adsorption and boundary lubrication occurs based on
the size of the molecule and the content of olefin in the molecule. In addition, HFRR test condition in not suf-
ficient for Diels-Alder cyclization of biodiesel components.
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Table 1. Determination of fatty acid methyl ester component in biodiesel by GC-Mass

Biodiesel Soybean Palm Perilla Beef tallow  Fork lard
BD BD BD BD BD
Methyl dodecanoate (C12:0) - 1.3 - 0.3 -
Methyl myristate (C14:0) trace 2.7 - 5.8 4.1
Methyl pentadecanoate (C15:0) - - - 1.0 trace
Methyl palmitate (C16:0) 17.1 353 15.0 214 24.1
Methyl palmitoleate (C16:1) trace 0.3 - 5 5.1
Methyl heptadecanoate (C17:0) - - - 0.6 1.0
Methyl cis-10-heptadecenoate (C17:1) - - - 3 1.3
Methyl Stearate (C18:0) 13 12 1.1 17.2 16.2
Methyl oleate (C18:1) 16.9 38 12 37.6 429
Methyl linoleate (C18:2) 39 8 19 1.6 trace
Methyl linolenate (C18:3) 7.5 - 51 - -
Methyl cis-10- nonadecenoate (C19:1) - - - 0.6 0.4
Methyl arachidate (C20:0) - 1 - 0.4 0.6
Methyl cis-11-eicosenoate (C20:1) trace trace trace 0.9 2.3
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Fig. 1. Mechanism of biodiesel lubricity improvement.
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Fig. 2. HFRR instrument and microscope.
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Table 2. Synthesis of fatty acid methyl ester as biodiesel
components

Biodiesel Yield
Methyl stearate (C18:0) 93
Methyl oleate (C18:1) 96
Methyl! linoleate (C18:2) 95
Methyl linolenate (C18:3) 92
Soybean biodiesel 94
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Fig. 3. 'H-NMR spectrum of stearic acid and synthesized
methyl stearate in CDCL.
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Table 3. HFRR test result of biodiesel and components
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Biodiesel Test Wear Scar Wear Scar Wear Scar Wear Scar
X (um) Y (um) Avg (um) 1.4 (um)
I 209 188 198.5 208
Methyl stearate
2n 228 203 215.5 208
¥ 235 181 208.0 188
Methyl oleate -
2 243 205 224.0 208
¥ 215 175 195.0 178
Methyl linoleate "
2" 185 146 165.5 162
I 183 152 167.5 156
Methyl linolenate
2" 193 166 179.5 163
I 205 166 185.5 183
Soybean BD -
2 211 181 196.0 201
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Fig. 4. Lubricity effect by molecular length and olefin
content.
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Fig. 5. GC-MS analysis of recovered BD components
from HFRR.

3-3. GC-MSE 0|88t AIE Hio|2C|”E 7= 2Y

HFRRE ©]&-sl] G284 43 vlojetjd s 3
Fole] GC-MSE &8 TxHsE EAsIelth &4
A7} Fig. 59 GC-MS HoJEo4 HiE ule} 7o
Methyl stearate, oleate, linoleate, linolenate 2 U}
F25E F4E BDY A ¥ FRHse #EEA
AT

uweba] HFRR #A12710] 60°Col™, S4:A1 -9}
&AW FEAANA FAEE= Gl o3l olefin
migration] 2|3+ conjugated diene®] FAJTA] Fom,
o]Z 23] Diels-Alder W50l 2|3t cyclic compound
= FHEA 2= AS & 5 AU Fig 6] £F

diene¥} dienophileel] ZFz} ZA5=7](electron donating

99
2 b thyl linoleat
MeO P methyl linoleate
>"< olefin migration
[} e
MeO
o
/\/\/\/\/\/\/\/\)\ome
methyl oleate
o]
MeO o

OMe
dies-alder cyclization

OMe

dimer product

Fig. 6. Not progress olefin migration under HFRR test
condition.

group)?} AAFE7] ZF(electron withdrawing group)
o] 171 wiitol] F-teh Ak HEe] @ ¥l (overlap)
o] glo] wre 29 HFRR A Diels-Alder 1
o] FYEA| ke Flo AAT = YATH17].
4.8 B

Aol s <l AfiAldEel gk d
WA o] oA AL Q= 7HeH], vte]l et e <k
g S8l Hloletd A thdstel] tigk =
Fol| 3L Stk sARE A8 tdshe wleletid
3w WSt mE Adelg dsA 54E dAsH

1Moo ™

;

55 34 A ot A5%, Y ¥
N

Diels-Alder RF3-2 53l dimer, trimer2 WH3E= A
RR 2427 (60°C)7} 2
79t FEATe] HEAAN FPHE 2EEe
=2 255 Q=2 3= olefin migration} Diels-
Alderih-goll SE8HA Soirtal ddert. weps &

Vol. 32, No. 3, June, 2016



100

A7, ABAE AREAS noloTIAE el
v Fol YHE BAS 304 A=) F1sh
F4e e HEage S s avEe 73
ARBS T+ e 2ol ok, velend ¥4

AA o] A7)0 A gl JaiMt AARE &%

& Hdtke= AL gl
References

[1] Omer, A. M., “Energy, Environment and Sustainable
Development”, Renew. Sust. Energy Rev., Vol. 12,
pp- 2265-2300, 2008.

[2] Datta, A., Mandal, B. K., “A Comprehensive Review
of Biodiesel as an Alternative Fuel for Compre-
ssion Ignition Engine”, Renew. Sust. Energy Rev.,
Vol. 57, pp. 799-821, 2016.

[3] Lotero, E., Liu, Y., Lopez, D. E., Suwannakarn, K.,
Bruce, D. A., and Goodwin Jr, J. G, “Synthesis of
Biodiesel via Acid Catalysis”, Ind. Eng. Chem. Res.,
Vol. 44, pp. 5353-5363, 2005.

[4] Korea Institute Economics Institute, “The Status of
World Renewable Energy Market and Policy”, 2013.

[5] Lim, Y. K., Lee, C. H., “The Lubricity of Biodiesel as
Alternative Fuel”, J. Korean Soc. Tribol. Lubr. Eng.,
Vol. 26, No. 1, pp. 73-82, 2010.

[6] Milano, J., Ong, H. C., Masjuki, H. H., Chong, W. T,,
Lam, M. K., Loh, P. K., Vellayan, V., “Microalgae Bio-
fuels as an Alternative to Fossil Fuel for Power
Generation”, Renew. Sust. Energy Rev., Vol. 58, pp.
180-197, 2016.

[7] Nehdi, I. A., Sbihi, H. M., Mokbli, S., Rashid, U.,
AL-Resayes, S. 1., “Yucca Aloifolia Oil Methyl Esters”,
Industrial Crops and Products, Vol. 69, pp. 257-
262, 2015.

J. Korean Soc. Tribol. Lubr. Eng., 32(3) 2016

et - oAl - 1B - s

=

[8] No. S. Y., “Inedible Vegetable Oils and their Deriv-
atives for Alternative Diesel Fuels in CI Engines: A
Review”, Renew. Sust. Energy Rev., Vol. 15, pp.
131-149, 2011.

[9] Lim, Y. K., Park, S. R., Kim, J. R, Yim, E., J. C. S,,
“The Study of Correlation between Biodiesel Com-
ponents and Derived Cetane Number”, Transac-
tions of KSAE, Vol. 19, pp. 122-129, 2011.

[10] Lim, Y. K., Jeong, C. S., Han, K. W,, Do, J. W.,
“Synthesis of Biodiesel Components and Analysis
of their Fuel Characters”, J. Korean Soc. Tribol.
Lubr. Eng., Vol. 3, pp. 52-58, 2014.

[11] Lim, Y. K., Kim, D. G,, Yim, E. S., “The Study of
Lubricity for Various Biodiesel using HFRR”, J.
Korean Soc. Tribol. Lubr. Eng., Vol. 25, No. 2, pp.
86-92, 2009.

[12] Lim, Y. K., Park, S. R., Kim, J. R., and Yim, E. S.,
Jung, C. S., “The Effect of Lubricity Improvement
by Biodiesel Components”, Appl. Chem. Eng., Vol. 21,
pp. 684-688, 2010.

[13] Diels, O., Alder, K., “Synthesen in der Hydroaro-
Maticchen REIHI, 1”, Justus Liegigs Annalen der
Chemie, Vol. 460, pp. 98-122, 1928.

[13] Lin, R., Zhu, Y., Tavlarides, L. L., “Mechanism and
Kinetics of Thermal Decomposition of Biodiesel
Fuel”, Fuel, Vol. 106, pp. 593-604, 2013.

[14] Natarajan, E., “Stability Studies of Biodiesel”, Inter-
national Journal of Energy Science, Vol. 2, pp. 152-
155,2012.

[15] ISO 12156-1, “Diesel Fuel-Assessment of Lubricity
using the High-frequency Reciprocating Rig (HFRR)”.

[16] Kim, H. Y., Cho, C. G, “The Diels-Alder cycloaddi-
tion of 3,5-dibromo-2-pyrone and its Derivatives”,
Progress in Heterocyclic Chemistry, Vol. 1, pp. 1-35,
2007.



