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Synthesis and Lubrication Properties of Semi-Fluorinated Polyol
Esters

Jin-Wook Baek, Keunwo Chung, Young-Wun Kim
Applied Chemistry & Engineering Division, Korea Research Institute of Chemical
Technology

Abstract - New semi-fluorinated polyol esters were synthesized by condensation
reaction of polyols (NPG and TMP) and carboxylic acids such as 2-ethylhexanoic acid,
stearic acid and perfluorooctanoic acid. The structures of polyol esters were confirmed

by FT-IR and 'H-NMR etc.

And, the fluorinated polyol esters were insoluble in

several oils, however, the semi-fluorinated polyol esters were soluble in several oils
depended on the structure of polyol esters.
wear property and extreme-pressure (EP) properties were characterized by measuring
wear scar diameter through ASTM D2266 and by determining the load-carrying
through ASTM D2783 method, respectively.

oils
compared to those of not added oils.

The physical properties such as 4-ball

As the results, wear scar diameters of-

in which the semi-fluorinated polyol esters were added were not changed
While extreme-pressure properties remarkably

increased with fluorine contents of the esters depended on the structure of acid moiety

and polyol moiety.

Also, the extreme-pressure property of semi-fluorinated NPG

polyol ester in gasoline engine oil was better than that of commercial Teflon coating

additive.

Key word : semi-fluorinated polyol esters, TMP, NPG, 4-ball wear, extreme-pressure

property.
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Scheme 1 : Syheses of Polyol Esters

HOCH:C(CHs).CH-0OH + HOOC-R —»
Polyol (NPQG) Mono-Carboxylic Acid

R-COOCH:C(CH3),CH:00C-R
NPG Polyol Ester

where NPG-C8F : R = F(CF2)s-
NPG-C8H : R = H(CHg)s-
NPG-Zonyl: R =F(CF2),.CHCH;SCH,CH,-

C2H5C(CH20H); + HOOC-R —»
Polyol (TMP)
C2HsC(CH200C-R)3
TMP Polyol Ester
where TMP-ZonylR =F(CF2),CH:XCH,SCH.CHs-
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Fig. 2. FT-IR Spectrum of NPG polyol
ester.
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Fig. 3. '"H-NMR Spectrum of NPG polyol

ester.
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Table 1. Solubilities of Several Polyol
Esters

Polyol Solubilities'

Esters  piester PAO 40 Freol 15C 150 N.
NPG-C8F Ins Ins Ins Ins
NPG-C8H Sol Sol Sol Sol
TMP-CSF Ins Ins Ins Ins
TMP-C8H Sol Sol Sol Sol
NPG-Zonyl Sol - - Ins
TMP-Zonyl Ins - - Ins

1. Solubilities of polyol ester 3 wt % in base oil
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Table 2. Solubilities of Semi-Fluorinated
Polyol Esters

Polvol Reactants, mol % F Solubilities®
l 2EH Content” 150 Freol
Esters Polvol C8FA A wt % N 150
1 1.00° 125 125 - 298 ins sol
2 1.00 083 167 - 241 ins sol
3 100 063 187 - 20.7 ins sol
4 1.00 050 200 - 183 sol sol
5 1.00 042 208 - 115 sol sol
6 1.00 036 214 - 110 sol sol
7 .00 100 - 100 - ins ins
8 1.00 067 - 133 180 ins sol
9 100 050 - 150 136 sol sol
10 100 050 - 200 100 sol sol
11 100 042 - 208 790 sol sol
12 100 036 - 214 - sol sol
13 100° 175 175 - - ins sol
14 100 117 233 - - ins sol
15 100 08 262 - - ins sol
16 1.00 070 280 - - ins sol
17 100 058 292 - - ins sol

. Analyzed by ion chromatography
ins @ insoluble, sol @ soluble

3. NPG Used (No 1-12)

4. TMP Used (No 13-18)
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Table 3. 4-Ball Wear Properties of
Semi-Fluorinated NPG Polyol Esters in
Mineral Oil

_ 1
Polyol 4-Ball WSD', mm

Esters Content

(%) Blank 1 wt % 2 wt % 3 wt %
4 183 08055 05317 05763 0.5641
5 115 08055 098% 09760 0.9807
6 110 08055 1.1758 09052 0.9707
9 136 08055 07942 0.7942 0.54%0
10 100 08055 06440 06440 06271
11 790 08055 09572 09572 0.8858
12 - 0.8055 0.9381 09381 038177

1. 40 kg, 1200 rpm, @ 75 °C, 60 min
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Table 4. 4-Ball Wear Properties of

Semi-Fluorinated NPG Polyol Esters
Freol «15C Oil

~

in

4-Ball WSD', mm

Polyol Content

Esters o Blank 1 wt % 2 wt % 3 wt %
1 208 11180 09773 09543 09014
2 241 11180 0979% 08587 09515
3 207 11180 09903 09974 09984
4 183 11180 09826 10571 10240
5 115 11180 09514 08472 09456
6 110 11180 08200 08086 08221
9 136 11180 10575 07050 06758
10 100 11180 06212 05715 05210
7% L1180 L1343 L0783 11247

1. 40 kg, 1200 rpm, @ 75 °C, 60 min
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Table 5. 4-Ball Wear Properties of
Semi~Fluorinated TMP Polyol Esters in
Freol 15C Qil

4-Ball WSD', mm

Polyol
Content
Esters 4 Blank 1 wt % 2 wt % 3 wt %
(%)

13 - 0.8327 0.8701 0.9290 0.8788
14 - 08327 07864 08515 0.7897
15 - 0.8327 08337 0.7150 0.7601
16 - 0.8327 07445 07657 0.8590
17 - 0.8327 07027 0.7653 07374
18 - 08327 0.7239 0.7909 0.8245

1. 40 kg, 1200 mm, @ 75 °C, 60 min
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Table 6. EP Properties of Several
Semi-Fluorinated Polyol Esters in Freol
15C QOil

Polyol Co:tent EP', kg

Esters (5) Blank 1 wt 9% 2 wt % 3 wt %
1 29.8 80 110 170 170
2 24.1 80 90 90 90
3 20.7 80 70 70 90
4 183 80 90 100 90
5 115 80 90 110 110
6 11.0 80 80 90 100
3 18.0 80 180 180 180
9 136 80 140 170 170
10 10.0 80 90 90 80
13 - 80 140 150 160
14 - 80 110 160 150
15 - 80 80 110 150
16 - 80 80 100 90
17 - 80 90 100 90

1. Test condition : 1760 rpm, @27°C, 10 kg loading

per 10 s

3-5. 984 NPG Semi-Fluorinated %
7g o2z AN oY A/ &EH

BE R YRS 2RE FTA M 94
@ 238 JYEd NPG EYL oamz
(No 88 A®ZFQ ez Bel drdu
5 aYAS 5L Nass) dste AF

154

o $EHT dE YaNHE s1E&d dA
LYo Hrlsld S¢S vl w3 HTh
7ol RE ulegl o), y
NPG Zg & d2HZ9 %A
A7HA 240 kg, HIZE BYe dIRZ
ZHRA e ZU4AHL 1 wt % H7HA 110 kg
vetdle] & dFedA A4 NPG &
AL JJAEl=Ze ZgAol AH HEE g
dol FU4 B °"6}91E}. oj g &
P Aol drdd did &I
o] ZpolellA 714%\3} A ztar,
NPG E32& o AR P & &
W3] x| gk
AR Yol &35
H7t= o] of
g, 2 wt

E—’_

=
Ty

.

Z] 01-7]
34 EHE U3
% ol Y F4,

Aol7h fteh,

Table 7. Comparison of EP Properties of
NPG Polyol Ester and Teflon in Gasoline
Engine Qil

EP!, kg
Additives
. Blank 1 wt % 2 wt % 3 wt %
NP 1
GPolyol 0 o0 a0 200
Ester (No 8)
Teflon 110 110. 240 240

1. Test condition : 1760 rpm, @27°C, 10 kg loading

per 10 s
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