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Abstract — Environmentally adapted synthetic base oils of polyalkylene glycols (PAGs) and polyol esters (POEs)
show a high polarity because of their functional groups containing oxygen atom. The lubricating performance
of these polar base oils was investigated by using a four-ball tribometer under boundary lubrication condition.
Four polyalkylene glycols and five polyol ester base oils were used as sample base oils of high polarity. A min-
eral oil (MO) and alkylnaphthalene (AN) were used as low polarity base oils. Tricrecylphosphate (TCP) was
added to all the base oils, in the range of 10 mmol/L-2000 mmol/L, as an antiwear additive. All the TCP-for-
mulated base oils showed optimum concentration characteristics for minimizing wear. The order of optimum
concentration of all the base oils was in a good accordance with the order of relative stability of TCP in base
oils. The interaction model on solvation between additive and different polar base oils can expect the stability
order of TCP. Thus, the model on solvation can explain well the order of optimum concentration of all the base
oils, by using the effect of polarity (dielectric constant, €) and molecular size (molecular weight, MW) of them
on stability of TCP in polar base oils. Finally, a good correlation of the optimum concentration for all the base
oils was obtained when it was arranged as a function of COC (MW a0l MWrep)™" * (Egase 02)’** by these two param-
eters.

Keyword — additive, stability, solvation, optimum concentration, polar base oil, dielectric constant, molecular
weight, cloud point, polarity.
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Fig. 1. Wear proceeding curves of PAG-55.
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Table 1. List of base oils and additives

58 - k] o

A=, mm’/s Di i ili .
TYPE A=A 40°C 100°C eAR cft:tcat:tc pafgrlrlllel:)tert}(’é) ?:rf:?gs ensity
A= E]f@}-r—x— MO 3145 5.35 450 2.034 - - -
WEE ws AN 33.80 5.20 410 2241 - - -
Polyalkylene Glycol PAG-55 49.28 10.85 1300 5.909 - - -
PAG-91 47.04 10.25 1100 4922 - - -
PPG-1000  33.1 7.81 1000 4798 - - -
PPG-2000 979 19.4 2000 4.859 - - -
Polyol Ester TMP-iC6 18.68 3.58 428 3.722 7.56 31 0.9705
TMP-iC8 24.82 430 512 3.456 727 30.5 0.947
TMP-iC9 51.52 6.97 554 3.263 691 28 0.937
PE-iC6 4540 6.00 528 3.042 7.19 30 0.982
PE-iC9 1129 11.41 696 2767 6.626 275 0.9514
A7HA TCP - - 368 7.285 7.97 - -

butanoate(TMP-iC6), Trimethylol propane tri 2-ethyl
hexanoate(TMP-iC8), Trimethylol propane tri 3,5,5-
trimethyl hexanoate(TMP-iC9)& AM&3F% 3, Pen-
taerythritol ester(PE)2A], 2% Pentaerythritol tetra
2-ethyl butanoate(PE-iC6), Pentaerythritol tetra 3,5,5-
trimethyl hexanoate(PE-iC9)S AMH&-8t3iTt. 2|5l H]
FA7HEA A SEA FRMost ¢
UEZHA(ANES AHEsth Wats A7iEAE
Tricrecyl phosphate(TCP)E AM&-3I T} 2 Atell At
£33 ANES 2 F/AY BALS t29 Table 19
AT

2-3. dielectric constant (g2 &3

polyalkylene glycol 2 polyol ester base oil¥
TCP9] dielectric constante
g3l g3t

impedance analyzerg ©|

2-4. solubility parameter(§)2] &£H

solubility parameters= TCP| 7§ Fdde] F&X
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9] A% BUAEe SXsl Ao FH ALY
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Axkol Bagt AEE Table 191 FE3HTH
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Table 2. Cloud Points of sample oils

CLOUD POINT, (°C)

Base Oils (7] - TCP=1:1E 3 )
MO Insoluble
AN -40
PAG-91 lower than -50
PAG-55 lower than -50
TMP-iC9 lower than -50
TMP-iC6 lower than -50
8e-9

Ge-9 ®- MO
13 —- AN
E —$— PAGY1
E 4e-9 —&— TMP-C6
g
=
§ 2e-9
=

0
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TCP Concentration, mmol/L

Fig. 2. Optimum concentrations of TCP in different
base oils.
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Fig. 3. The effect of moleculer size on solvation
between base oiles and additive.
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Fig. 4. Optimum concentrations of TCP in PAGs.
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