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Wear Characteristics of Polyolester Base Oils
Having different Branch Shapes (I)
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ABSTRACT - The lubricating performance of 23 kinds of polyol ester base oils [POEs] having different branch
shapes was investigated by using a four ball tribometer under boundary lubrication condition. All the polyol ester
base oils used in this study were made up of polyhydric alcohols of two-four valence and normal or branched
fatty acids of different carbon number. The wear characteristics of polyol ester base oils are different from those
of mineral oil, strongly affected by the branch shapes of fatty acids in their molecles. In particular, the polyol
ester base oils having normal fatty acids such as n-octanoic acid, n-nonanoic acid etc. show much better wear
performance than POEs having branched fatty acids such as 2-ethylhexanoic acid, 3,5,5-trimethy! hexanoic acid,
etc.. As the carbon chain length of normal fatty acids, in case of POEs of normal fatty acids, is increased, their
wear rate is decreased and, in case of POEs of branched fatty acids, as the degree of branch of branched fatty
acids is decreased, their wear rate is decreased. All the wear results of polyol ester base oils could be reasonably
explained by comparing cohesive ability among fatty acid molecules in adsorption film by fatty acids obtained

as POEs were decomposed.

Keyword —polyol ester base oils, wear rate, fatty acids, four-ball tribometer, adsorption.
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Bellg| A E(PE) 52 952 AMgsiut a9y 9
B Aoz B71A9te] 79 2-ethylpentanoic
acid®} 2-methylhexanoic acid®] EFE(C7), 2-ethyl-
hexanoic acid(iC8), 3,5,5-trimethylhexanoic acid(iC9)
E AR, AFAIIS M= n-octanoic acid
(nC8), n-nonanoic acid (nC9), n-decanoic acid(nC10)
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Table 1. Molecular structures of polyhydric alcohols and fatty acids used as raw material for polyolester base oils

POLYHYDRIC ALCOHOL

STRUCTURE

2-Butylethylpropanediol (BEPG)
2,4-Diethylpentanediol (DEPD)
Neopentylglycol (NPG)
Trimethylolpropane (TMP)
Pentaerythritol (PE)

CH;-CH,-C~(CH,OH),CH,-CH,- CH,-CH;
CH;-CH,-CH-(CH,OH)-CH,-CH-(CH,OH)-CH,-CH;,
CH;-C-(CH;OH),CH;

CH;-CH,-C- (CH,OH);

C- (CH;OH),

FATTY ACID

STRUCTURE

Octanoic acid (nC8)
Nonanoic acid (nC9)
Decanoic acid (nC10)

Mixtures of 2-ethylpentanoic acid 17.8% and 2-methylhexanoic

acid 82.8% (iC7)
2-Ethylhexanoic acid (iC8)
3,5,5-Trimethylhexanoic acid (iC9)

HOOC-(CH,)s-CH;

HOOC-(CH:)-CH;

HOOC~(CH,);-CH,
HOOC-CH-(CH,CH;)CH,- CH,-CH;
HOOC-CH-(CH;)CH,- CH,- CH,-CH;
HOOC-CH-(CH,CH,)CH,-CH,-CH,-CH;,
HOOC-CH,-CH-(CH;)CH,-C(CH;);
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Table 2. List of polyolester base oils used as sample oils
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iC8, iC9°l oJaf $HAdd 27t ol 2Ejede] vimAEA
F= YR Fig. 1914 B vpe} o], 39%
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9] Fig. 29l B/l 60N, 150N, 500 N}
ol &gl s AZE Mix-a(60 N:150 N=1:1),
Mix-b(150 N:500 N=2:1), Mix-c(150 N:500 N=1:2) A]
B8 a2 1159] E2)8el2E o tidt rlxg

SAMPLE CODE VISCOSITY (cSt)
40°C 100°C
Neopentyl glycole di n-decanoate NPG-nC10 10.48 - 298
Neopentyl glycole di n-nonanoate NPG-nC9 8.49 2.58
Neopentyl glycole di n-octanoate NPG-nC8 6.88 221
Neopentyl glycole di 3,5,5-trimethyl hexanoate NPG-iC9 12.93 3.16
Neopentyl glycole di 2-ethylhexanoate NPG-iC8 7.38 2.05
2-Butylethylpropane diol di n-decanoate BEPG-nC10 15.74 3.76
2-Butylethylpropane diol di n-nonanoate BEPG-nC9 13.35 332
2-Butylethylpropane diol di n-octanoate BEPG-nC8 11.13 2.88
2-Butylethylpropane diol di 3,5,5-trimethy] hexanoate BEPG-iC9 23.39 4.12
2-Butylethylpropane diol di 2-ethylhexanoate BEPG-iC8 13.69 2.94
2 4-Diethylpentane diol di n-decanoate DEPD-nC10 13.72 3.59
2,4-Diethylpentane diol di n-nonanoate DEPD-nC9 11.5 3.14
2,4-Diethylpentane diol di n-octanoate DEPD-nC8 9.57 275
2,4-Diethylpentane diol di 3,5,5-trimethyl hexanoate DEPD-iC9 19.25 3.94
Trimethylol propane tri n-octanoate TMP-nC8 19.82 4.53
Trimethylol propane tri 3,5,5-trimethyl hexanoate TMP-iC9 51.52 6.92
Trimethylol propane tri 2-ethyl hexanoate TMP-iC8 24.27 4.145
Trimethylol propane tri 2-methylhexanoate TMP-iC7 14.55 3.196
Pentaerythritol tetra n-nananoate PE-nC9 30.24 6.08
Pentaerythritol tetra n-octanoate PE-nC8 24.37 5.19
Pentaerythritol tetra 3,5,5-trimethyl hexanoate PE-iC9 112.9 11.41
Pentaerythritol tetra 2-ethylhexanoate PE-iC8 47.6 6.55
Pentaerythritol tetra 2-methylhexanoate PE-IC7 26.00 4.65
Mineral oil (60 N) MO 7.953 2.246
Mineral oil (150 N) MO 31.04 5.353
Mineral oil (500 N) MO 88.35 10.78
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Fig. 1. Wear results of BEPG-iC9 as a typical example.

[x10'8] 1 T T 1171 T T T T 171
0.9 FSN  Mixa 4
3 0.8 - ™P-CS N
E 07| o .. i
Lo NPG- i
E 06 @ TMP-IC8 o elica PE._icg -
£ g5 |NPeice )
5 oaf .
& 0.3 PE-nC8,150N g
2 g [NPG:nCE TMPCE @
. ° 4
0.1 El NPG-nce SOIONI |

10’ 10?
Viscosity (50°C) (cSt)

Fig. 2. Comparison of the wear characteristics between
polyolester oil and mineral oil.
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polyolester oils of branched fatty acid and straight
fatty acid.
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Fig. 5. Wear results obtained by adding fatty acid used
as raw material to TMP-polyolester oils.
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Fig. 6. Wear results obtained by adding fatty acid used
as raw material to PE-polyolester oils.
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