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Biodiesel produced from the reaction of methanol and triglyceride which is the main component of animal fats and vegetable
oils is known for remarkable lubricity. In this study, the lubricity of 3 kinds of biodiesel came from vegetable oils such as
soybean oil, palm oil, and perilla oil and 2 kind of biodiesel which were produced from beef tallow and pork lard were
analyzed using HFRR (High frequency reciprocating rig). In HFRR test result, the lubricity of perilla and soybean’s biodiesel
was higher than other biodiesels. After analysis of biodiesel components by GC-MS and determination of the lubricity of
pure biodiesel components using HFRR, it was found that a higher olefin content and long alkyl chaining biodiesel had an
excellent lubricity property.
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Figure 1. Synthetic method of biodiesel from triglyceride.
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I Table 1. Determination of Fuel Properties for Biodiesels
testball | et pate oscillation mtion Biodiesel Density . Kizn, Viscosity ) Clouc} point Pouro point
2 > (g/mL, 15 C)(mm7/sec) at 40 C () (C)
H Soybean BD 0.8628 2.610 -5 -6
|~| ﬁ = I_! Palm BD 0.8624 3.459 10 10
Perilla BD 0.8893 3.405 -7 -10
Beef tallow BD  0.8774 4.652 13 13
Figure 2. HFRR instrument and microscope. Pork lard BD  0.8754 4.449 10 10
Table 2. Determination of Lubricity for Biodiesels
Biodiesel Wear scar X (um) Wear scar Y (um) Wear scar Avg (um) Start temp/RH Start temp/RH Wear scar 1.4 (um)
Soybean BD 219 146 182.5 20.8/55.5 22.0/69.1 171
Palm BD 260 254 257 24.4/43.7 25.6/47.9 254
Perilla BD 187 166 176.5 25.6/52.7 26.8/48.5 157
Beef tallow BD 254 252 253 24.6/43.9 26.8/46.6 247
Pork lard BD 239 187 213 26.3/46.8 26.6/48.0 199
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Table 3. Determination of Fatty Acid Methyl Ester Component in Biodiesel by GC-Mass

Biodiesel Soybean BD Palm BD Perilla BD Beef tallow BD Pork lard 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 21.4 24.1
Methyl palmitoleate (C16:1) trace 0.3 - 5 5.1
Methyl heptadecanoate (C17:0) - - - 0.6 1.0
Methy! 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
Methy! linoleate (C18:2) 39 8 19 1.6 trace

Methyl linolenate (C18:3) 75 - 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

Table 4. Analysis of Lubricity for the Different Chain of Pure Fatty Acid Methyl Esters
Biodiesel Wear scar X (um) Wear scar Y (um) Wear scar Avg (um)  Start temp/RH Start temp/RH ~ Wear scar 1.4 (um)

Methyl myristate (C14:0) 254 217 2355 25.5/46.1 25.9/50.7 224
Methyl palmitate (C16:0) 249 234 2415 26.0/53.6 27.7/47.9 218
Methyl stearate (C18:0) 232 224 228 26.0/48.3 26.9/47.6 213
Methyl arachidate (C20:0) 220 207 2135 25.6/49.6 26.6/48.0 205
Methyl behenate (C22:0) 228 210 219 25.9/50.7 26.7/48.1 202
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Table S. Effect of Lubricity by Olefin Contents in FAMEs

Biodiesel Wear scar X (um) Wear scar Y (um) Wear scar avg (um) Start temp/RH Start temp/RH ~ Wear scar 1.4 (um)
Methyl stearate (C18:0) 232 224 228 26.0/48.3 26.9/47.6 213
Methyl oleate (C18:1) 230 211 220.5 25.6/45.9 26.9/45.8 211
Methyl linoleate (C18:2) 188 177 182.5 25.2/43.9 26.0/49.4 175
Methyl linolenate (C18:3) 183 139 161.0 26.7/49.7 26.4/49.8 141
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Figure 4. Effect of lubricity improvement by olefin content in biodiesel.
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