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Synthesis and Properties of Disubstituted Hydrazide Lubricant Additives

ZUO Bo, MA Xiaoxu, ZHOU Zhenghu, WU Li"
School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: To find new environment-friendly lubricant additives, eleven N’ , N’ -disubstituted hydrazide
compounds were firstly prepared via format method, carboxylation, hydrazide reaction, and nucleophilic
substitution reaction. Their structures were characterized by Fourier-transform infrared spectrometry, proton
nuclear magnetic resonance spectrometry and mass spectroscopy. Their tribological properties as lubricant
additives with the addition of 1% into trimellitic acid esters were also tested under the load of 98 N by a
microtribometer. The results show that the N’ , N'-disubstituted hydrazide compounds has a significant
antifriction and antiwear effects , and the friction coefficients of Trimellitate ( TMT ) with addition of N’,
N’ -dibutylpentanohydrazide, N’ , N’ -bis (2-ethylhexyl) pentanoylhydrazide, 4-methyl-N’' , N’ -di-p-
methylbenzohydrazide and 4-methyl-N’ , N’ -diethylbenzoylhydrazide are lower than those of TMT without
addition, the friction coefficients of TMT with addition of N, N’-diethylpentanohydrazide exhibit the biggest
downward trend to the minimum value of 0.051 2. The wear volume losses of the steel balls in TMT with addition
of the eleven hydrazide compounds are all lower than those without addition. The wear volume loss of the steel
ball in TMT with addition of N', N'-bis (2-ethylhexyl) benzoyl hydrazide is the smallest, which reduces 87.13%
compared with that without addition. It is expected to be a green and efficient antifriction lubricant additive.

Keywords: hydrazide; synthesis; lubricating oil additive; friction; wear
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Fig. 1 Synthesis route of alkyl disubstitutedalkanoyl hydrazide
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Fig. 2 Synthesis route of disubstituted aromatic hydrazide
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Tab. 1  Characterization data of compoundsla—1f

ay Bty K 3R A i IR (KBr) R c AN R %

$8.27,7.81 (s, 1H),

2.58 (s, 3H), 2.26 (t, .
o A/ 1H), 1.93 (, 2H), 1.41 229.33 3 240(NH), 1 662 L
la \/\)l\N/N\/\/ o 7 N . ’ / TR 80
H (dd, 2H), 1.23 (dd, [M+H] (CO, amide) cm™ i

10H), 0.92 ~ 0.66 (m,
9H).

$8.24,7.72 (s, 1H),
2.74 ~ 2.55 (m, 4H),

\)OI\ ( 14575 3 217(NH), 1 667 3
b E/N\/ 2.7 (dd, 1H), 2.03 ~ / 68

[M+H]"  (CO, amide) cm™ TR A
1.90 (m, 1H), 0.98 ~

0.84 (m, 9H))

$8.26,7.71 (s, 1H),
2.76 ~ 2.52 (m, 3H),

0] 2.27 (t, 1H), 1.96 (t, .
\/\)j\ ]( ( ) ( 17333 3 215(NH), 1 665 I
le NN~ 1H), 1.51 ~ 1.31 (m, / . 57
H [M+H]"  (CO, amide) em™ AR
2H), 1.21 (dd, 7.4 Hz,
2H), 1.00 ~ 0.70 (m,
9H).
3 2.58 (d, 1H), 2.38
- (dd, 3H), 2.30 ~ 2.16 .
341.85 3 247(NH), 1 660 Digunltl
1d \/\)'\IIEI//C'\‘ (m, 2H), 1.48 ~ 0.96 (NED / - 51
[M+H]"  (CO, amide) cm™ TR A
(m, 22H), 0.95 ~ 0.62
(m, 15H)
38.26,7.79 (s, 1H),
2.57 (dd, 4H), 2.26 .
/r ( ) 201.64 3 226(NH), 1 662 G R
le \)O]\N ( (dd, 1H), 1.94 (dd,1H), Mt (€O, amide) om” / otk 64
+ , & 2) ¢ 1
NN 125 (dd, 8H), 0.92 (d1, ameerem

3H), 0.81 (dt, 6H).

58.41,7.97 (s, 1H),
0 2.54 (d, 4H), 2.12 ~ 313.58 3 245(NH), 1 667 I

1f P Y / 40
\/Hib\‘ 1.94 (m, 2H), 1.39 (d, [M+H] (CO, amide) em™ R4
18H), 0.98 (ddd,15H)
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Tab. 2  Characterization data of compounds 2a-2e

e/ 455X R R AU ik IR (KBr) WEEC AL PEER %
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— SV 2 . ” bl bl
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- S7 El . ‘7 ~
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¢ /(j)k “(P\/ (m, 4H) (4,3H) [M+H]  (CO, amide) cm™ AR

1.44 ~1.05 (m, 18H),
0.90 ~ 0.83 (m, 12H)

0.18 0.18
a —4—TMT b —4—TMT
i TMT+1a i TMT+2a
0.16 —e—TMT+1h 0.16 —w—TMT+2b
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B3 AREFEMF(a) la—1fF0 (b) 2a—2e 7€ TMT FF B EEHE R H i 2%

Fig. 3 Friction coefficient curves of different additives including (a) la—1f and (b) 2a—2e in TMT.
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Tab.3 Wear scar diameters and wear volume losses of compounds

I = T™MT la 1b lc 1d le 1f 2a 2b 2c 2d 2e
BEBE A4S /mm 0.650 0478 0.485 0482 0478 0425 0437 0458 0390 0.453 0.437 0.467

0.0040 BT A B MERE L) . BRI TR R 2244, 2012, 34
ng 00035 (2):34-37.
£ 0. P (NP S S e S L i 3
£ 00030 (4] fralek B4y JEILT L. 0K 5511 e v v
% 0002 5 pay red = N ALY Y
= BEWF 5T [J]. 20 TR K224k, 2008, 30 (2) :
£0.0020
£ 105-107.
< 0.0015
& 0.001 0 [5] BURTZ W J, OPPELT J. Lubdcating effectiveness of oil
g 0.

soluble additives and molybdenum sulfide dispersed in

mineraloil[J]. Lubrication Engineering, 1980,36(10) :

0.000 5
0

= < Q o T o= -] o (5
= 7 3 37 oroxre 8 499 579-585.
£ £ Egg2E £ g2 g g g g N 5
ZEZEEEEEZEEEE (6 PR , Uit S, KT 0B A e 0 6 e 5 1
B4 FREHFMFRKERERE AT L) ] R AR R 2741, 2012, 34(4) :47-52.
Fig. 4 Wear volume losses of steel balls with (7] DONG J X, CHEN G X, LUO X M, et al. A new
different additives concept  formation of permeating layers from

nonactiveanti wear additives|J]. Lubrication Engineering,
3 & i 1194,50(1): 17-22.
. . . . 8] # %, HUR o 4 0. 7 2 2 P B0 I AR T ) A 45
iR S LT LI T Sl il
N N N > PR 7~ Tt He . N = 5 5 :
BLAHUT 1A NN -SRI 20 4 ‘4350 B
47 3 K Sl I =} > A YL Y ’
}JF/I‘JJX 1 /I\MH#ﬁ’f»{ﬁn%ﬁj}’jjU’ﬂfjﬂTMT /lﬂ{%{EH (9] SLINEY H E. Solid lubricant matefials for high
TSR R 488 g AL N kG R 4 P 1 B o

tempenware—a review [11. Tribology International,

38 35 DA A e R A RS AR e — 25 A ORI, 1982.,15(5):303-315.

M7 BB A AT, R A Rt — 4R . BE [10] GAO X L, LIUD H , SONG Z , et al. Isosteric
TR AR A W 18 A e i 3 I 79 LA S 3 A B Ok design of friction-reduction and anti-wear lubricant
@{/EJ:H ,,ﬁ\ﬁlﬂ{ﬁtﬂ N' N’ —:T%ﬂj@ﬁ’;ﬂ# N N'-—. additives with less sulfur content[J]. Friction, 2018,
(2-Z HE T ) IEBEME 4- 1 SE-N" | N -5 T S 6(2):164-182.

Eﬁ@ﬂiﬂ#ﬂl A-F N ,Nr_:z‘%ﬁﬁg@%}]#ﬂgﬁ%@ [11] THEODORE E, NALESNIK, HOPEWELL J, et al.
FOHUE I 2T T TG TMT N N —— 2,35 1% Alkyl hydrazide additives for lubricants: US,

6667282B2 [P]. 2003-10-23.

T JUF ) JEE 4 22 B5CHR AR T 35 0.051 25 11 AN EEF Ak .
[12] BATUEVA T, ANIKINA L, GUSEV V, et al. Synthesis

F WIS TVIT S5 050 4 49 BR A RS i 2494 T 0

. . and analgesic activity of N', N'-dialkylhydradizes of
VAN TMT, ot N7 N - (2- 23k O 3% ) 26

aliphatic ~ carboxylic acids [J].  Pharmaceutical

JHFAS 5] i MR AR B 4 i e/ . LG TMT a2 1 Chemistry Journal, 2010, 44(4) : 192-194.

87.13 % A RN Bk R A W BE LB I A [13] SPIKES H. Low- and zero-sulphated ash, phosphorus

Jnsl . and sulphur anti-wear additives for engine oils [J].

Lubrication Science, 2008,20(2): 103-136.
2% 30k
[14] KUMAR S, KUMAR P, MAEWAHA R K, et al.

(1] By B, & AR S (04 i B HL7E S5 o s Synthesis, antimicrobial evaluation and QSAR studies
s PERE AT ST (7], G0 TR A 222240, 2008,30(2) of propionic acid derivatives [J]. Arabian Journal of
43-46. Chemistry, 2017, 10(6) :S881-5893.

(2] MES, A0, A B T 4B UHMWPE s [15] KHAN K M, RASHEED M, ULLAH Z, et al
T 25 R R gE (1], BRI TR K 2244, 2018, 40 Synthesis and in vitro leishmanicidal activity of some
(2):169-168. hydrazides and their analogues [J]. Bioorganic &

(3] MBI A, . BRI IR =32 W LN BEfs 1) & Medicinal Chemistry, 2003, 11(7):1381-1387.

AXm#t K



