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Tribological properties of ionic liquids were evaluated by pendulum and ball on disk

tribotesters. Imidazolium cations with different alkyl chain length were used as a lubricant. It

was found that [riction coefficient decreased with increasing alkyl chain length. Among the

ionic liquids examined in the present work, dodecylmethylimidazorium bis(trifluoromethane-

sulfonyl)imide reduced friction and wear remarkably. Surface analyses of wear track by X-ray

Photocleetron Spectroscopy and Time of Flight Sccondary Ion Mass Spectroscopy revealed that

anions reacted with steel surface and that metal (luoride and sulfate were formed in the wear

track. From the results, it can be concluded that the reaction products and chemisorbed cations

affected the tribological behavior of the ionic liquids.
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Table 1 Structure and abbreviation of ionic liquids

Structure Abbreviation Compound name
C,H, EMI-TFSI 1-ethyi-3-methylimidazolium bis(triflunromethanesuffonyljimide
=+ CESGIN € H, BMI-TFSI 1-butyl-3-methylimidazolium bis(triflucromethanesuffonyl)imide
"M R, CH,, | HM-TFSI 1-hexyl-3-methylimidazolium bis(triflucromethanesuffonyljimide
C.H,; OMI-TFSI 1-octyl-3-methylimidazolium bis{trifluioromethanesulfonyllimide
C,H,, | D™mI-TFsI 1-decyl-3-methylimidazolium bis(trifluoromethanesufonyljimide
C,;H,s | DDMI-TFSI 1-dodecyl-3-methylimidazolium bis(Irifluoromethanesuifonyl imide
[\t BF;
BMI-BF4 1] -3- imi
e ""\’/&\Cﬁs butyl-3-methyl imidazolium tetrafluorcborate
0—
Bk A _ DEME-TFSI | N.N-Diethyl-N-melhyl-N-{2-methoxyethyllammonium
}I\ (CF,80,) N bis(trifluoromethanesuifonyl imide

Table 2 Structure and abbreviation of reference oils

Structure Abbrevialion Compound name
cIl"!l m“}
Hor Molecutar weight PAO Poly-z-olefin
L] =422
s,
Polyol ester
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Table 3 The physical properties of test lubricants

Lubricant Properties
Viscosty @40°C Visms:ay@mu't; 7\;suosilyindsx Demsity @15°C  Meliing point* 5?;$§:"3§_
(mm?fs) {mm?is) (gfemd) (c) {c)

EMI - TFSI 13.35 3.75 185 1.529 —163 393
BMI - TFSI 19.62 4.64 162 1.446 —50> 386
HMI - TFSI 27.41 5.59 148 1.381 —50> 386
OMI - TFSI 35.10 6.58 145 1.328 —50> 391
DMI - TFSI 48.41 8.07 138 1.293 35 386
DDMI - TFSI 61.80 9.54 136 1.253 219 386
BMI-BF4 42 54 772 152 1.281 — 50> 382
DEME-TFSI 20.40 481 168 1.416 — 50> 363
PAO 17.29 3.91 122 0.820 —50> 234
POE 19.62 4.38 136 0954 —45 269

“Melting point: DSC(Differential scanning calonmeter)
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Fig. 1 Schematic illustration of

ball on disk type tribotester

** 5% weight loss Temperature; TG{Thermogravimetric analysis)
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Table 4 Test conditions for ball on disk type tribotester

Operafion paramslers  Applied load, N 10~60
Herlz contact stress, GPa 1.36~2.47
Frequency, Hz 1
Amplitude, mm 5
Oil temperature, T 75
Test duration, min a0

Test ball & disk Ball material SUJ2(JIS)
Ball diameter, mm 6.35
Ball hardness. HRc 62
Disc matenal SUJ2(JiS)
Disc diameter, mm 27
Disc hardness, HRc 62

The composition of SIL2{IS):  C(0.85-1.10%), S{0.15-0 35%). Mn{<0 5%),
B{<D075%), S(0075%), Cr{1 30-1 B0%), Fefbalarce)
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Table 5 Conditions for TOF-SIMS measurements

D FV T AR A 2 EADTRREHEE 4

S TFE 2100 (TRIFT
Primary ion Ga*

Primary ion beam energy, keV 15
Secondary ion accelerating voltage, keV 3

Area of analysis for chemical mapping, pm? 180
Detected secondary ions positive and negative

The measured mass range, m/z 1—3000
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Fig. 2 Friction reducing property of ionic liquids
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Fig. 3 Optical images of worn surface
lubricated by the test lubricants
Ball on disc type reciprocating friction test

(75°C, load 60N, amplitude 1mm, frequency 1Hz. duration 30min)
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Fig. 4 XPS spectra of worn surface
lubricated by BMI - TFSI

Ball on disc type reciprocating friction test
(75°C, load 60N. amplitude 1mm, frequency 1Hz, duration 30min)
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Fig. 8 Schematic illustration of tribofilm
derived from ionic liquids

Samples | Optical images
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Fig. 5 TOF-SIMS images of worn surface lubricated by BMI-TFSI
Lubricating conditions (75°C, load 60N, amplitude 1mm, frequency 1Hz, duration 30min)
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Fig.13 TOF-SIMS images of worn surface lubricated with ionic liquids

Reciprocating friction test conditions (75°C,load 60N, amplitude 1mm, frequency 1Hz, duration 30min)



