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Abstract: A series of quaternary ammonium and phosphonium amino acid ionic liquid (AAILs) lubricants were synthesized
through a neutralization reaction. Using synthetic oil poly-alpha-olefin (PAO 10) and 1-butyl-3-methylimidazolium bis
(trifluoromethylsulfonyl) imide (L-F104) as the reference samples, the viscosity-temperature characteristics, thermal behaviors
and tribological properties as lubricants for various friction pairs were investigated. The relationship between their molecular
structures and tribological performance was discussed. Results show that the viscosity-temperature characteristics and thermal
behaviors of the quaternary phosphonium AAILs are superior to those of quaternary ammonium AAILs. The viscosity-
temperature characteristics of the ILs can be obviously improved by the introducing of sulfur element, while it is decreases by
the introducing of aromatic ring. The tribological performances of the AAILs vary with different friction pairs. Excellent
friction-reducing and anti-wear properties are detected both at room and high temperature when the AAILs are used as
lubricants for steel/steel and steel/copper friction pairs. However, only quaternary ammonium ILs bearing aromatic rings has
better friction-reducing and anti-wear properties compared with PAO 10 and L-F104 when applied on steel/aluminum friction pairs.
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Table 1  Structure and code of the used lubricants
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LeuN, s 'H NMR (400 MHz, CDC,3) § (ppm)
3.8 (t, J=8.4Hz, 8H), 3.14 (m, 1H), 1.82—1.72 (m,
1H), 1.69-1.55 (m, 8H), 1.49-1.33 (m, 8H),
1.31-1.23 (m, 1H), 0.96 (t, J=7.4 Hz, 12H), 0.87 (d,
J=6.4 Hz, 6H). *C NMR (100 MHz, CDC}3) & (ppm)
181.16, 58.83, 55.33, 45.77, 25.27, 24.11, 23.88,
21.77,19.81, 13.74.

MetN,444: 'H NMR (400 MHz, CDC3) & (ppm)
3.31-3.18 (m, 1H), 3.15-2.96 (m, 8H), 2.63-2.33 (m,
2 H), 1.82 (s, 3H), 1.68—1.07 (m, 18H), 0.83 (m,
12H). *C NMR (100 MHz, CDC3) 8 (ppm) 178.79,
58.11, 55.83, 35.45, 31.05, 23.40, 19.14, 14.71,
13.11.

PheN44dd: 'H NMR (400 MHz, CDC3) 8 (ppm)
7.43—7.28 (m, 5H), 3.63-3.52 (m, 1H), 3.28-3.13 (m,
8H), 3.03-2.85 (m, 2H), 1.72—1.59 (m, 8H),
1.46-1.28 (m, 8H), 0.97 (t, /=7.2 Hz, 12H). ®C NMR
(100 MHz, CDC,3) & (ppm) 181.56, 137.97, 129.36,
128.55, 126.64, 58.04, 57.25, 40.34, 23.05, 19.07,
12.75.

LeuPg4,4: '"HNMR (400 MHz, CDC}3) & (ppm)
3.38-3.26 (m, 1H), 3.24-3.18 (m, 8H), 1.73-1.61 (m,
8H), 1.56—1.43 (m, 2H), 1.41-1.32 (m, 9H),
1.05-0.87 (m, 18 H), *C NMR (100 MHz, CDCj3) 8
(ppm) 183.64, 58.05, 54.46, 43.90, 24.33, 23.06,
21.31, 19.08, 12.79.

MetP4444: 'H NMR (400 MHz, CDC}3) 8 (ppm)
3.18.-2.83 (m, 1H), 2.59-2.31 (m, 2H), 2.28-2.01
(m, 8H), 1.86 (s, 3H), 1.53—1.01 (m, 18H), 0.68 (t,
J=7.2 Hz, 12H). "C NMR (100 MHz, CDCy3) 8 (ppm)
178.65, 55.92, 35.53, 31.05, 23.20, 18.20, 17.73,
14.65, 12.78.

PheP,,,,: 'H NMR (400 MHz, CDCj3) 8 (ppm)
7.25-7.05 (m, SH), 3.48-3.35 (m, 1H), 3.27 (m, 1H),
2.63 (m, 1H) 2.43-2.29 (m, 10H), 1.59-1.35 (m,
16H), 0.91 (t, J=8.0 Hz, 12H). “C NMR (100 MHz,
CDCy3) 8 (ppm) 179.26, 141.19, 129.54, 128.08,
125.57, 58.60, 42.86, 23.94, 19.05, 18.58, 13.53.
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Table 2 Kinematic viscosity, viscosity index, and thermal stability of the amino acid ionic liquids
Kinematic viscosity / (mm?-s™) TG temperature of per weight loss / C
Lubricants Viscosity index
40 C 100 C 10% 20% 50%

PAO 10 65.316 9.8567 134 279.50 297.29 323.97

L-F104 88.58 9.49 80 381.32 404.93 437.44
LeuNygu4 935.15 30.88 22 160.28 170.64 183.52
MetNyq44 1529.99 47.78 56 170.64 183.35 316.94
PheNyyu4 910.61 30.14 20 193.64 227.98 354.02
LeuPyyyy 438.49 26.67 82 265.72 292.32 328.27

MetP 444 553.16 34.47 96 223.08 254.66 325.81

PheP 444 832.16 35.59 66 246.69 281.96 324.59
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Table 3  Average surface roughness of the copper surface before

and after the corrosion tests (Ra/nm)

Lubricants Before test After test
PAO 10 310.93 401.96
L-F104 335.65 1101.07
LeuNyy44 335.65 394.41
MetNy444 313.21 361.02
PheNyy44 305.41 349.85
LeuPyyy 365.97 454.98
MetP 444 328.37 477.06
PhePyyq4 348.75 446.23
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Fig.1 Corrosion test photos of the copper immersed in amino acid ionic liquids, PAO 10, and L-F104
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Fig.2 Friction coefficient of the amino acid ionic liquid lubricants
applied on the steel/steel friction pairs and wear volume of the
lower discs at 25 C
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Fig.3 SEM images of the wear tracks of the lower discs lubricated
by amino acid ionic liquid, PAO 10 and L-F104 at 25 C
( steel/steel friction pairs)
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Fig.4 Friction coefficient of the amino acid ionic liquid lubricants
applied on steel/steel friction pairs and wear volume of the lower
discs at 100 °C
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Fig.5 SEM images of wear tracks of the laver discs lubricated by
amino acid ionic liquid, PAO 10 and L-F104 at 100 °C( steel/steel
friction pairs)
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Table 4 Surface element content of abrasive spot on the steel/steel
friction plate lubricated by amino acid ionic liquid lubricants (w/%)

Lubricants C N (0] P S Fe
Blank 227 105 1.87 0.06 007 9236
LeuNy44 1.99 1.09 1.83 92.71
MetNyq44 444 1.02 216 0.21  90.04
PheNyyq4 227 116 342 91.08
LeuPyyy4 193 097 3.89 022 90.76

MetP 444 220 1.05 192 017 1.04 91.50
PheP 444 319 126 336 057 89.58
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Fig.6 Friction coefficient varied with load of amino acid ionic

liquid applied on the steel/steel friction pairs (50—1 250 N)
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Fig.7 Friction coefficient of amino acid ionic liquid lubricants
applied on the steel/copper friction pairs and wear volume of the
lower discs at 25 C
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Fig.8 Friction coefficient of amino acid ionic liquid lubricants
applied on the steel/copper friction pairs and wear volume of the
lower discs at 100 °C
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Fig.9 Fiction coefficient of amino acid ionic liquid lubricants
applied on the steel/aluminum friction pairs and wear volume of the
lower discs at 25 C
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Fig.10 Friction coefficient of amino acid ionic liquid lubricants
applied on the steel/aluminum friction pairs and the wear volume of
the lower discs at 100 °C
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