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Abstract: The utilization of water-based lubricants in certain applied fields, as an alternative to oil-based lubricants that
are prone to causing environmental pollution, represents one of the effective strategies for achieving green tribology. To
tackle the issues of subpar lubrication properties and susceptibility to corrosion of friction interface for water-based
lubrication, two amino acids-based ionic liquids, Lys-LS and Arg-LS, were synthesized in this manuscript by a simple
proton exchange reaction using L-lysine or L-arginine and Lauroyl sarcosine, and were utilized as water-based lubricant
additives. The thermal decomposition 5% temperatures of Lys-LS and Arg-LS reached 219.8 °C and 217.5 C,
respectively, exhibiting exceptional thermal stability. The corrosion resistance properties of Lys-LS and Arg-LS aqueous
solutions against first-grade gray cast iron sheets were assessed in accordance with the methodologies outlined in the
national standard GB 6 144-2010. Both the corrosion area and the number of corrosion stains were significantly reduced
compared to deionized water when the two amino acids-based ionic liquids were incorporated at a mass fraction of =
0.5%. The tribological properties of Lys-LS and Arg-LS additives were investigated using an SRV-V fretting friction
and wear tester and automatic true-color confocal microscope. Compared with deionized water, the friction coefficient
and wear volume of the water-based lubricants were reduced by about 70% and 85%, respectively, when Lys-LS and
Arg-LS were supplemented at a concentration of 0.5%, providing a significant friction reduction and anti-wear
performance. The micro-morphological analysis results of the wear spot surface revealed that the wear surface was
smoother after lubricated by the aqueous solution containing ionic liquids additives, and at the same time, the adhesive
wear and corrosive wear were effectively suppressed. The lubrication mechanisms of two ionic liquids additives were
investigated in depth using the quartz crystal microbalance (QCM) and the X-ray photoelectron spectroscopy (XPS). The
QCM tests indicated that the two amino acid-based ionic liquids could be effectively adsorbed onto the rubbing interface
during the friction process to form a stable adsorption films. The XPS analysis results revealed that the tribochemical
reaction occurred between the two additives and the surface of the friction pair, and a tribological protective films
enriched with C, Fe, O and N elements were generated. The tribochemical reaction films and physical/chemical
adsorption films formed by the ionic liquids at the interface worked synergistically to effectively prevent direct contact
between the sliding pairs, endowing the water-based lubricant with excellent tribological properties. The two amino
acids-based ionic liquids additives were characterized by simple preparation, non-toxicity and greenness, and were

promising to be employed as critical additives for metalworking fluids and flame-retardant hydraulic fluids.
Key words: amino acid-based ionic liquids; water-based lubricants; tribological properties; lubrication mechanism; eco-
friendly additives
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Fig. 1 The molecular structures of Lys-LS and Arg-LS
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Fig. 2 (a) The molecular structure of Lys-LS and Arg-LS, spectra of (a) Lys-LS, (b) Arg-LS, (c) FT-IR spectra of
Lys-LS and Arg-LS, (d) TGA curves of Lys-LS and Arg-LS
2 (a) Lys-LSH)'"H NMRi% &, (b) Arg-LS[¥'H NMR#£ &, (c) Lys-LS 5 Arg-LSHIZL A% &,
(d) Lys-LS 5 Arg-LSIH#4 2% 5 i 2



4 1]

PN, 55 SRR R R SRR B 1R A DI HR A I B B~ M LG B 5

R

Fig. 3 Photographs of cast iron sheets after soaking in two
amino acid-based ionic liquids aqueous solutions with different
concentration for 24 h: (al) H,O; (a2) blank cast iron sheet;
(b1) 0.5%Lys-LS; (b2) 0.5% Arg-LS; (c1) 1.0%Lys-LS;
(c2) 1.0% Arg-LS
B3 RFIVRI024 WEIHE T (1) E B TK: 025
88k F; (b1) 0.5%Lys-LS; (b,) 0.5% Arg-LS;

(c1) 1.0%Lys-LS; (c2) 1.0% Arg-LS
Hefih. BRAN, B BT IR IR L A TN, W PR ) 5

AWK, 8 H R SEAR 5 0 b .
2.3 FAEMK

73 IR T AN [R) L ) B 5 VBUAA 7K i VAR 2.5 A0
40 CHAF T IBEHRL, SR ME4R. 5 X TK
A EE, I Lys-LSHIArg-LS /i, ¥ ¥ i) %6 34 B i
m, I BLEEE A IFR L T, B R TS £
25 CHE, KB 17K\ 1% Lys-LSH1% Arg-LSiHE ¥
18BN 3hE 4 W 290.887, 0.991410.974 mm’/s. 241 B T
FRZEA0 CIN, KV R B 35 ARG, 75 & R AR # 2%
87, 288 T K 32 5% 90.682 mm’/s, 1% Lys-LSH
1% Arg-LSI&zh 3 FE A5 43 51190.73010.722 mm?s.
HI T B TR D9 /NG 7 DRI /K R T A 2R R 206 P2
IR LRV, R RTT A A T B R vh B A
T 452 & R A SE AT L, AT ik — 20 52 v W
R A BE.
24 ERZMRETMN

FE3E B A IR BE R T 0RT DR R A
R T PR RE . BUR Tl itk BEADVE P e R HISRV-V
PR BES R, XA F T 70 #Lys-LS MlArg-LS
IR AT BE R 2R RE DI, 25 RIS R, 5 (a)
A0 AT 7 43 5 R A [R] 5 & 53 %01 Lys-LS Al Arg-LS

—o— Lys-LS 40 °C
| —=—Lys-LS 25 °C
—o— Arg-LS 40 °C
—s— Arg-LS 25 °C

=
1)

=
=
T

___y—3

I——s

’/Qf/’—’

e
%
T

—" ’_=__—;.—,-l

Kinematic viscosity/(mm?/s)

HH

e
E)
T

000 0.10 025 050 0.75 1.00
Mass fraction/%
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liquids aqueous solutions with different
mass fraction at 25 °C and 40 C.
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Fig. 5 (a) Friction coefficient curves for different concentrations of Lys-LS lubricants; (b) Friction coefficient curves for different
mass fraction of Arg-LS lubricants; (c) Average friction coefficient for lubricated by Lys-LS and Arg-LS aqueous solutions with
different mass fraction; (d) Wear volume of steel block after lubrication with Lys-LS and Arg-LS lubricants;

(e) Wear volume of steel block after lubrication with Lys-LS and Arg-LS lubricants
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Fig. 6 3D morphology of the wear scar after the friction test of deionized water, 0.5 % Lys-LS and 0.5 % Arg-LS aqueous solution
corresponds to the cross-sectional profile of the X and Y directions: (a) deionized water; (b) 0.5% Lys-LS; (c¢) 0.5% Arg-LS
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Fig. 7 SEM micrographs of the grinding surface of the worn spots lubricated by distilled water and Lys-LS aqueous solutions with
different mass fraction: (a) deionized water; (b) 0.5% Lys-LS; (¢) 0.5% Arg-LS
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Fig. 8 XPS spectra of grinding spot surface lubricated by Lys-LS and Arg-LS solutions (0.5%): (al~a4) Lys-LS; (b1~b4) Arg-LS
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Fig. 9 Adsorption frequency as a function of time for (a) Lys-LS and (b) Arg-LS aqueous solutions on QCM gold chips
(deionized water as the baseline)
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Fig. 10 Lubrication mechanism model
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