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Abstract: In present work, we synthesized three novel benzotriazole based ionic liquids firstly. The corrosion inhibiting
properties were researched by electrochemical measurements using benzotriazole as corrosion inhibitors in 0.5 M H,SO,
aqueous solution. The results concluded from electrochemical impedance spectroscopy and potentiodynamic polarization
curves indicated that three ionic liquids effectively inhibited the corrosion of bronze. Then three ionic liquids were
utilized as additives in PEG base oil to probe the friction reducing and antiwear properties. Results indicate that three
ionic liquids reduced the friction coefficient and wear volume of PEG base oil significantly, which further demonstrate

excellent tribological performances of three ionic liquids. The worn surfaces were analyzed by scanning electron
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microscope and X-ray photoelectron spectrometer to probe the lubrication mechanisms. It was found that boundary

lubricating film consisted of ionic liquids adsorption layer and tribochemical products was responsible for the excellent

tribological properties. In summary, novel benzotriazole based ionic liquids were versatile materials with two

outstanding abilities, i.e. corrosion inhibiting and lubricating properties, which were of considerable significance for

application of ILs in industry.

Key words: benzotriazole; ionic liquids; multifunctional additive; corrosion inhibition; friction-reduction and anti-wear

properties

T WRARAE Dy — P AR 0 R B R I 2 B
A0 52 4 H A BH TR R AR B A AR, — R A
AR SERRE S AR E VR S5 R T TR A 3 L
S R E BRI T AR T 7 KRR RR P B AR
AV F1AE D R v v e R A R A A IR K
HL 05 B4 B R SRS Bz R A 200148,
XA B ot A2 [ B B OB T A 2R e
DU K 2 RIS AR JF 518 1A 24 2 [ A SR
NGz .

Wt BIE TE RN BT FUN 53 R B L A i
SR PR RE DL 7, (H R I — 8 RO Itk BE, 50
FEAE KA IR, — e HL A TR 20 <5 e B
PR P A P B b R R iR R e TR
AL AR G JRIZBIHUN S FAH DB AF, [ 20
Jo < e P S ) B e B 458, ™ B M LA 8 B A
5E AT FEE DA AR, AT AR K M FR 1) 17 80 7 W AR A
SRR R ST N4

FIF =R ME(BTA) R —FPAEH A R KA &
SO, BENE Bt PR IR K DA RS T ARk
@ BB k. B SR W BTALE A 28 & R TH RE 6 T8 1k
TC 50, 32 TR BCEUE F) X 2 IR SR A IR S 4, BRI
Jig i AR Fon 4 S 1 42 k. BTAE e v s i
U I 0 8 R B T BB 1 R R T AR
BT WA R TS T, 3 e VLA ) R B 1
A G770 7 3 88 1 WA HEAT D RE AL & — R AR
AT TR

FEAR AR, FHISZEEALIBTAME A B 1, %
R ARAE NI 1, & K 7 3MBTARH & T Dh e b &
TR E S A ATV, B T3 TR

- N/Bll ,Bu
N\ BuBr \  RBr N\
— —
//N NaOH //N //N
N N N
\
R

PR SR TR TR A% 2% 1Y 2 e 791 S 50 A0 850 5 < 1O JEG e 41 )
PERE. 285 K 3 S WA 23 ol A DA e i ol R 8 7
BT RN A B LRI U TR RE. 45 R
TIPS 7R B AT BT I S iR IF HAR i
T TH S O 7R IS 0 ) S R U 2 2 A A, SR
EHDIE S5 D I BE 70 B8 1k . 122 A RE A ) 2R 0 M
B BB AR B R A R A, RERS (e it
B AR T AR T A

1 iREEERSY

1.1 BTAMHEFINREUEFRIFNERK

F A B B kA % T BTAT) ek 1 B 1l
i, B 7 2 R K BTA(20 g5 0.168 mol)
5100 ml 30% NaOH/K¥ERIR &, SRS I IEIR T %t
(25.5 g, 0.186 mol) MIAHEL R AHEAL 7 DU T IRAL B (1 @),
FE50 “C NHESIPERE R B 10 hy, SN S5 R G, 1R RN
W2, F 20 R S K AR HUAH 43 T, F 728 08K ok
BN, 285 %A WA T 28 Bk £ 5% BE /K 43 (70 °C),
B IR T H:(23.3 g 0.17 mol) II AN 2] Bk AL, 7E
70 C R [EIAR R B60 hUL_F, J B 45 3R 5, ¥ 51 3 =5,
NG B 1) /R 218, AR AR SR JEUORE, D
25N Lt ug, I HH 28 2B e, R AR
NEZ TR PT#24 h, 159385 7HUA[C,C4,BTA][Br].

HX[C,C4,BTA][Br](9.5 g, 0.03 mol)i# T 2 /K v,
FEIINZE FEZH4(5.76 g, 0.04 mol), 7E60 “C K [ %24 h,
R G, WHIE R, IMANE A, 2 Z K
Jii» WCHE S A NN T 7K Na,SO,BR /K3 hk |, iz
SR IETRZE, PRI B TIRAE T 4812 h, 153
P B AR [C4C4BTA][BZ]([BBTA][Bz)).

0
/Bu
) N
pr- 2Bz N O~ R=C_H,, [BBTA|[Bz]
p R=CH,;, [HBTA|[Bz]
+N\ R=C,;H,, [TBTA|[Bz]
R

Fig. 1 Synthetic route of BTA based ionic liquids
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[BBTA][Bz]: 'H NMR (400 MHz, CDCl;) & 8.50
(m, 2H), 7.90 (m, 2H), 7.25 (m, 5H), 5.18 (t, 4H), 2.15
(m, 4H), 1.45 (m, 4H), 0.99 (t, 6H).

[HBTA][Bz]: '"H NMR (400 MHz, CD;0D) & 8.30
(m, 2H), 7.99 (m, 2H), 7.90 (m, 1H), 7.33 (m, 4H), 5.01
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Fig. 2 Electrochemical impedance spectroscopy for bronze in 0.5 M H,SO, with and without 1.0 mM BTA based ionic liquids
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Fig. 3 Equivalent circuits models for tested solutions
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Table 1 Fitted EIS parameters for mild steel in tested solutions

Solution  RJ(Qem’) Yo /(107°S:s™em®)  p;  R/(Qem’) R(Qem’)  Yp/(10°S-s™em®)  p,  WA107Ssem?)  Ry/(Qem’) g%
0.5 M H,S0, 3.59 6.95 0.9 76.39 494.8 178 0.62 14.4 571.2 -
[BBTA][Bz] 3.60 2.38 0.88 845.6 11370 0.226 0.95 1.33 12215.6 95.32
[HBTA][Bz] 3.68 0.95 0.88 9.66 18 700 1.19 0.91 50.2 18 709.7 96.95
[TBTA][Bz] 3.73 1.7 0.94 1949 13 620 0.651 0.83 2.23 15111.0 96.22
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Fig.4 Potentiodynamic polarization curves for mild steel in
tested solutions
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Table 2 Fitted potentiodynamic polarization curve parameters for mild steel in tested solutions

Solution B./(mV/dec) —B/(mV/dec) fcor (RA/c’) E on/mV NTafel/ %o
0.5M H,S0, 34.6 105.8 5.42 —481 -
BBTA 114.0 285.0 1.56 —588 71.22
HBTA 102 229.9 1.13 —605 79.15
TBTA 88.8 206.4 1.23 —597 77.31
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Fig. 5 Evolution of friction coefficient with time and wear volumes for different oil samples
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Fig. 6 SEM micrographs and 3D morphologies of worn surfaces lubricated by different oil samples
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Table 3 Elements contents in the worn surfaces lubricated by different oil samples

Elements C N (6] Cu Zn Sn Pb
PEG 7.05 0 4.67 75.27 3.69 3.8 5.52

3.0% [BBTA][Bz] 5.38 0.5 0.73 92.18 0.36 0.42 0.43
3.0% [HBTA][Bz] 6.17 0.55 1.15 88.96 1.31 1.63 0.23
3.0% [TBTA][Bz] 5.56 0.2 0.74 92.78 0.33 0.24 0.15
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Fig. 7 XPS spectra of Cu 2p,C 1s, O 1s and N 1s on the worn surfaces lubricated by different oil samples
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