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ABSTRACT: The work aims to improve the tribological properties of glycerin as a lubricant. A novel halogen-free functionalized
imidazole ionic liquid (M-16-DOSS) was prepared as a lubricant additive for glycerin. The structure of M-16-DOSS was
characterized by nuclear magnetic resonance and high-resolution quadrupole time-of-flight mass spectrometry; the thermal
stability of the glycerin lubrication system was tested by a synchronous thermal analyzer; the friction and wear performance of
the glycerin lubcaition system were evaluated by the SRV-1V micro-friction and wear tester and the wear volume and wear spot
morphology were characterized by three-dimensional profilometer; and the surface elements and chemical morphology of wear
spots were analyzed by EDS and XPS. The synthesized functionalized imidazole salt ionic liquid had the correct structure and
qualified purity. M-16-DOSS had good compatibility with glycerin and could improve the thermal stability of glycerin. As a
lubricant additive of glycerin, M-16-DOSS could significantly improve the tribological properties of glycerin. When the amount
of M-16-DOSS was 1.5wt%, the friction coefficient decreased to 0.1 and the wear volume decreased by 80%. A tribochemical
reaction occurs during the friction process. A chemical reaction protective film is formed with iron and oxygen through the
synergistic effect of sulfur and nitrogen, which effectively buffers the direct contact and collision between friction pairs, and

improves the anti-friction andante-wear performance of glycerin. This new type of functionalized imidazole ionic liquid has

excellent properties and provides new ideas and options for the development of glycerin lubricant additives.

KEY WORDS: glycerin; ionic liquid; lubricant additive; friction performance; wear mechanism
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Fig.1 Molecular structure of M-16-DOSS (a) and glycerin lubrication system with different mass fractions of M-16-DOSS (b)
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Tab.1 NMR and M S data

Parameter

Results

'H NMR (400 MHz, CDCl5)

13C NMR (100 MHz, CDCl5)

J: 9.68 (s, 1H), 7.57 (s, 1H), 7.18 (s, 1H), 6.60 (s, 1H), 5.84 (s, 1H), 4.39 (t, J=4.0 Hz,
2H), 4.22 (t, J=3.2 Hz, 2H), 4.04 (s, 3H), 3.97 (m, 2H), 3.70 (dd, J=12.0, 8.0 Hz, 2H),
3.26~3.09 (m, 6H), 2.05 (s, 3H), 1.86 (t, J=8.0 Hz, 3H), 1.61~1.20 (m, 46H), 0.90~0.83
(m, 15H)

o: 171.42, 169.22, 159.37, 137.48, 122.66, 121.45, 67.27, 61.94, 58.35, 50.16, 47.41,
39.90, 38.65, 32.45, 31.92, 30.48, 30.25, 30.11, 30.05, 29.69, 29.66, 29.62, 29.53, 29.40,
29.36, 29.01, 28.88, 26.31, 23.64, 23.42, 22.96, 22.69, 20.13, 18.43, 14.12, 14.07, 14.04,
13.87, 10.94, 10.89, 10.85, 10.78

m/z (ESI, cation)
m/z (ESI, anion)

Calc.: 449.4214
Calc.: 421.2260

Found: 449.4210 [Ci,H»N,O]*
Found: 421.2274 [CyoH3;,07S]”
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Fig.2 TG curve of different concentrations of glycerin
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Tab.2 Thermogravimetric temperature of different
concentrations of glycerin C
Sample 10%loss 20%loss  50% loss
Glycerol 181.72 203.71 235.72
0.3wt%M-16-DOSS  170.62 195.63 229.76
1.0wt%M-16-DOSS  173.34 198.52 232.56
1.5wt%M-16-DOSS  181.96 204.81 238.67
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Fig.3 Friction coefficient of the samples applied on steel/steel friction pairs and wear volume of the lower steel block at 25 C
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Fig.4 3D morphologies of wear scar lubricated by different samples: (a) glycerol
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Fig.5 EDS analysis of wear scar lubricated by different samples: (a) glycerol
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Fig.6 XPS analysis of wear scar lubricated by glycerin with 1.5wt%M-16-DOSS as additive
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