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Abstract — Vegetable oils can contribute to the goal of energy independence and security owing to their naturally
renewable resources. One of the representative vegetable oils is biodiesel, which is being used in domestic and
European markets as a blended fuel with automotive diesel. Vegetable oils are promising candidates as base flu-
ids to replace petroleum lubricants because of their excellent lubricity and biodegradability. We prepared bio-
diesel with a purity of 99.9% via the esterification of waste cooking oil. Blended biodiesel and Petro-lube base
oil were mixed to produce five types of mixed lubricating oil. We analyzed the various characteristics of the
blended biodiesel with Petro-lube base oil for different blending ratios. The lubricity of the vegetable lubricant
improves as the content of biodiesel increases. In addition, since zinc dialkyldithiophosphates (ZnDTPs) are
widely used as multifunctional additives in petroleum-based lubricants, we optimized the blending ratio for
lubricity, oxidation stability, and shear stability by adding ZnDTP as a performance additive to improve the bio-
diesel properties, such as oxidation stability and hydrolysis. The optimized lubricants improve by approximately
25% in lubricity and by 20 times in oxidation stability and shear stability after the addition of ZnDTP.
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Fig. 1. Procedure of Mixed-lubricating oil with ZnDTP.
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Table 1. Formulation of Materials and Variables

Mixture ratio(%) Ad,dlt(l)on
No Working ratio(%o)
Sample :
ple  Petro lubr'lcant Biodiesel  ZnDTP
base oil
! 0
2 05
Base oil 100 0
3 1
4 2
> 0
6 05
BD 10 90 10
7 I
8 2
0 0
10 05
BD 20 80 20
11 |
12 5
13 0
14 05
BD 50 50 50
15 1
16 5
17 0
0.5
BD 100 0 100 1
20 f
.I Rotating Ball
Ball Pot
Torgue Arm 1 Thermocouple
Stationary Balls Heating Block

Fig. 2. Schemetic diagram of four-ball test.
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Fig. 3. Schemetic diagram of RPVOT.
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Fig. 4. Schemetic diagram of shear stability test.
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Fig. 5. Basic properties of Mixed-lubricant oil. (a) viscosity,
(b) pour point, (c) density, (d) TAN.
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Fig. 6. Image of the wear scars diameter. (a) Base oil, (b) BD10, (c) BD20, (d) BD50, and (e¢) BD100
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Fig. 7. FT-IR spectra of wear test. (a) BD100 before wear test, (b) BD100 after wear test, (c) BDS0 before wear test,

(d) BD50 after wear test.
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Fig. 8. Effect of lubricity improvement with ZnDTP.
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Table 3. PVL Value of Mixed-Lubricating oil with ZnDTP

Shear stability test ZnDTP contents ratio
before/after 0%  05% 1.0%  2.0%
before 4270 4343 4350 4.406
BD100 after 4736  4.744 4458 4.399
PVL  -109 -9.2 -25 0.2
before 8.738 8.939 8982 9.004
BD50 after 9.033 9.012 8998 9.064
PVL -3.4 -0.8 -0.2 -0.7
before  29.67 29.78 3098 31.22
Base oil  after 2529 2557 2945 30.52
PVL 14.8 14.1 4.9 22
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