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Abstract — The friction-reducing properties of lubricants containing ionic liquids based on ammonium dithio-
carbamate are studied. The ionic liquids are produced through the following two steps: the synthesis of sodium
alkyl dithiocarbamates via the substitution reaction of dialkylamine and carbon disulfide and their subsequent
conversion into ammonium dithiocarbamate-based ionic liquids through an ion-exchange reaction with a qua-
ternary alkyl ammonium halide salt. The structures of the ionic liquids are characterized by NMR spectroscopy
and Fourier transform infrared spectroscopy. The isolated yields of the ionic liquids, which are viscous and pale
yellow, are approximately 92%. The Brookfield viscosities and pour points of the ionic liquids are determined.
Further, their wear resistances are measured through the four-ball wear test and the Schwingung Reibung Ver-
schleiss (oscillation, friction, wear) test. The wear scar diameter of the lubricants containing 1 wt of the qua-
ternary alkyl ammonium dithiocarbamate-based ionic liquids (0.475-0.631 mm) is significantly lower than that
of the base oil (0.825 mm), proving that the ammonium dithiocarbamate-based ionic liquids have good friction-
reducing characteristics. However, these friction-reducing characteristics fade significantly after long-term stor-
age, owing to the degradation of the ionic liquids.

Key words —ammonium dithiocarbamate (&} =1 T E] £7}8}H] ©] ), ionic liquid (¢]43 2} A), lubricating
properties (F&4 ), 4-ball wear and SRV tester (4-2 % SRV A]¥)
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AmIL-RR,) FAoll AME3 AJeFe ohs3 7Th
dithiocarbamate(DTC) anion®] /gl ARE-SH AJok
carbon disulfide (Aldrich, 99%), sodium hydroxide
(aldrich, 98%), bis-(2-ethylhexyl)amine(TCI, 98%), bis-
(iso-tridecyl)amine(KCI, 98%)2 A8-3}31th. Quaternary
ammonium cation®] FAJol AE-S AJekS tetrabutyla-
mmonium bromide(aldrich, 98%), tributylmethylam-
monium chloride(aldrich, 98%), tetraoctylammonium bro-
mide(Aldrich, 98%), trioctylmethylammonium chloride
(Aldrich, 98%)5 AR&-31S1t).
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Fig. 1. Synthetic scheme of R-DTC-AmIL-R,R;and R-
DTC-R,.

Table 1. Yields and appearance of R-DTC-AmIL-R,R, derivatives.

Ionic Liquids R R, R, Yield, % Appearance
iC8-DTC-AmIL-C1C4 CH, C.H, 94 Yellow liquid
iC8-DTC-AmIL-C4C4 . C.H, C.H, 92 Yellow liquid
iC8-DTC-AmIL-C1C8 Gl CH3 CsHpy 96 Yellow liquid
iC8-DTC-AmIL-C8C8 CH,, CH,, 95 Yellow liquid
iC13-DTC-AmIL-C1C4 CH, C.H, 95 Yellow liquid
iC13-DTC-AmIL-C4C4 . C.H, C.H, 94 Yellow liquid
iC13-DTC-AmIL-C1C8 Gk CH, CH,, 95 Yellow liquid
iC13-DTC-AmIL-CSCS CH, CHy, 9 Yellow liquid

iC8-DTC-C1 CH; - 92 Yellow liquid

iC8-DTC-C4 i-CsH,; C,Hy - 96 Yellow liquid
iC8-DTC-C8 C:Hy, - 95 Yellow liquid
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Fig. 2. '"H-NMR spectra of a) tetraoctylammonium
bromide and b) iC8-DTC-AmIL-C8CS.
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Fig. 3. FT-IR spectra of a) tetraoctylammonium bromide
and b) iC8-DTC-AmIL-C8CS8.
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Table 2. '"H-NMR and FT-IR spectra of R-DTC-AmIL-R,R, derivatives.

Ionic Liquids

'H-NMR (in CDCl;, ppm)

FT-IR (cm™)

iC8-DTC-AmIL-C1C4

0 4.4-3.8(m, 4H), 3.5(m, 6H), 3.4(s, 3H), 3509, 2960, 2930, 2873, 1638, 1462,

2.0(m, 2H), 1.8-0.9 (m, 49H). 1402, 1374, 1199, 1121, 968, 736

IC8-DTC-AmIL-CACE ¢ 9 (m, 56H).

5 44-3.8(m, 4H), 3.5(m, 8H), 2.0(m, 2H), 3437, 2960, 2931, 2874, 1654, 1463,

1400, 1380, 1198, 1120, 970, 735

iC8-DTC-AmIL-CIC8

5 44-38(m, 4H), 3.5(m, 6H), 3.4(s, 3H), 3417, 2959, 2931, 2858, 1655, 1465,

2.0(m, 2H), 1.8-0.9 (m, 73H). 1401, 1378, 1198, 1120, 970, 724

iC8-DTC-AmIL-C8C8 1.80.9 (m, 88H).

5 44-3.8(m, 4H), 3.5(m, 8H), 2.0(m, 2H), 3392, 2958, 2924, 2855, 1650, 1465,

1400, 1378, 1197, 1120, 971, 723

iC13-DTC-AmIL-C1C4

5 44-38(m, 4H), 3.5(m, 6H), 3.4(s, 3H), 2960, 2928, 2873, 1654, 1464, 1378.

2.0(m, 2H), 1.8-0.9 (m, 69H). 1206, 1135, 966, 738

iC13-DTC-AmIL-C4C4 1.8:0.9 (m, 76H).

5 44-3.8(m, 4H), 3.5(m, 8H), 2.0(m, 2H), 2960, 2928, 2873, 1739, 1462, 1378,

1205, 1132, 972, 737

iC13-DTC-AmIL-C1C8

5 44-38(m, 4H), 3.5(m, 6H), 3.4(s, 3H), 2959, 2927, 2857, 1738, 1463, 1378,

2.0(m, 2H), 1.8-0.9 (m, 93H). 1205, 1130, 972, 724

iCI3-DTC-AmIL-CSC8 000" ™ 08,

5 44-3.8(m, 4H), 3.5(m, 8H), 2.0(m, 2H), 2959, 2927, 2857, 1718, 1654, 1462,

1202, 1129, 974, 724
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Fig. 4. TGA thermograms of a) iC8-DTC-AmIL- R1R2
and b) iC13-DTC-AmIL-RR;(in N,).
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Fig. 5. 4-ball wear scar images base oil and R-DTC-
AmIL-R;R,Derivatives.
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Table 2. Basic and lubricants properties of R-DTC-AmIL-R,R; derivatives

Viscosity, € Pour Point,  TdS%, e o o
Ionic Liquids oC ’ oC > WSD, mm mm COF
40°C 100°C 75°C 75°C
iC8-DTC-AmIL-C1C4 1646.6 5.79 221.0 113.6 0.475 0.490 0.1267
iC8-DTC-AmIL-C4C4 1120.5 4.53 21.0 1213 0.530 0.480 0.1224
iC8-DTC-AmIL-C1C8 626.3 2.61 -30.0 143.6 0.596 0.469 0.1304
iC8-DTC-AmIL-C8C8 1999.5 3.13 -45.0 1913 0.578 0.460 0.1260
iC13-DTC-AmIL-C1C4 1691.6 7.14 -24.0 1232 0.478 0.514 0.1201
iC13-DTC-AmIL-C4C4 1700.6 8.44 -24.0 131.7 0.499 0.487 0.1234
iC13-DTC-AmIL-C1C8 334.1 3.24 -39.0 168.2 0.520 0.466 0.1266
iC13-DTC-AmIL-C8C8 2693.4 5.71 -33.0 200.1 0.631 0.460 0.1226
* Spindle No. SC4-34 SC4-18 * base oil 0.825 0.688 0.1252
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