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Abstract: N/P halogen-free ionic liquids (NPILs: code as NP-11114, NP-11116, NP-11118) lubricants with different
chain lengths were synthesized. The viscosity-temperature properties, thermal stability and lubricating properties of

these ionic liquids were evaluated by using poly-a-olefin (PAO 10) and 1-octyl-3-methylimidazole hexafluorophosphate
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(L-P 108) as a reference. The effects of cation chain length changes of NPILs on their physicochemical properties and
tribological properties were studied. The results show that the viscosity of NPILs is higher than PAO 10 and L-P 108,

and the thermal decomposition temperature is lower than that of PAO 10 and L-P 108. The viscosity and thermal

decomposition temperature of NPILs increase with the increasing chain length. As lubricants for steel/steel friction pairs,

NPILs have lower friction reduction performance than L-P108 at room temperature, but the wear resistance of NP-11118

is better than L-P108; at high temperatures, the friction reduction and wear resistance of NPILs are better than L-P 108.

NPILs have excellent antifriction and anti-wear properties both at normal temperature and high temperature, and

tribological properties increase with increasing alkyl chain length. Scanning electron microscopy (SEM), elemental

analysis and XPS results of the wear spot demonstrate that the excellent tribological properties of such ionic liquids are

attributed to the tribochemical reaction of metal substrates and N, P in the ionic liquid structure to form tribo-film with

excellent antifriction and antiwear properties.
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Fig. 1 Molecular structures of the synthesized NPILs (NP-11114,
NP-11116, NP-11118), PAO 10 and L-P 108 as reference
lubricants
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NPILs 1% 1% P 540 0

NP-11114: 'H NMR (400 MHz, CDCl;) o:
3.81~3.70 (m, 6 H), 3.35 (s, 9 H), 1.58~1.28 (m, 42 H),
0.90~0.87 (m, 15 H). °C NMR (100 MHz, CDCl;) ¢:
67.99, 67.94, 66.97, 53.29, 40.49, 40.41, 32.03, 30.20,
29.81, 29.76, 29.71, 29.47, 29.16, 23.43, 23.24, 22.79,
14.23, 11.08. *'P NMR (162 MHz, CDCl;) 6: 31.34 (s).
m/z (ESI, positive ion) calc. 256.300 1, found 256.2999
[C,7H;gN]", m/z (ESI, negative ion) calc. 321.2200 found

2.1

321.2193 [Cy4H;,0,4P].

NP-11116: 'H NMR (400 MHz, CDCl;) o:
3.77~3.68 (m, 6 H), 3.34 (s, 9 H), 1.56~1.23 (m, 46 H),
0.87~0.82 (m, 15 H). "C NMR (100 MHz, CDCl;) o:
67.99, 67.94, 66.97, 53.29, 40.49, 40.41, 32.03, 30.20,
29.81, 29.76, 29.71, 29.47, 29.16, 23.43, 23.24, 22.79,
14.23, 11.08. *'P NMR (162 MHz, CDCl;) §: 31.34 (s).
m/z (ESI, positive ion) calc. 284.3304, found 284.3312
[C1oH4,N]', m/z (ESI, negative ion) calc. 321.2200
found 321.2204 [C,¢H3,0,P].

NP-11118: 'H NMR (400 MHz, CDCl;) o:
3.75~3.66 (m, 6 H), 3.31 (s, 9 H), 1.51~1.19 (m, 50 H),
0.88~0.84 (m, 15 H). "C NMR (100 MHz, CDCl;) &:
67.99, 67.94, 66.97, 53.29, 40.49, 40.41, 32.03, 30.20,
29.81, 29.76, 29.71, 29.47, 29.16, 23.43, 23.24, 22.79,
14.23, 11.08. *'P NMR (162 MHz, CDCl;) &: 31.34 (s).
m/z (ESI, positive ion) calc. 312.3613, found 312.3625
[C, HyN]'» m/z (ESL negative ion) calc. 321.2200,
found 321.2191 [C,¢H3,0,P].
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Table 1 Kinematic viscosities, viscosity indexes, and thermal stabilities of the synthesized PAO10, L-P 108 and NPILs

Kinematic viscosity /(mm?/s)

Lubricants

Viscosity index

TG temperature (°C) per weight loss

40 C 100 °C 10% 20% 50%
PAO 10 65.316 9.8567 134 279.50 297.29 323.97
L-P 108 88.581 9.4921 80 340.13 362.23 392.23
NP-11114 243.86 30.498 166 238.63 251.93 271.53
NP-11116 775.11 58.292 137 243.43 255.43 276.03
NP-11118 967.94 64.202 129 246.73 258.63 278.43
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Fig. 3 Evolution of the (a) friction coefficient and (b) wear volume losses of the steel disks lubricated by NPILs as lubricant at RT,
PAO 10 and L-P 108 as reference lubricants (RT, load =300 N)
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