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Preparation of nitrogen- and
phosphorus-containing boric acid ester additive based on
molecular dynamics theory and its tribology properties

XIONG Sang, SUN Jian-lin, XU Yang, YAN Xu-dong

(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: A new extreme pressure and anti-wear additive of nitrogen- and phosphorus-containing boric acid ester (NBPE)
was designed and synthesized by molecular dynamics method and characterized by infrared spectroscopy and element
analysis. The thermal stability and hydrolytic stability of compounds were examined by thermogravimetric analyzer and
saturated steam method, respectively. The effect of the NBPE lubricants content on the tribological behavior was
investigated using four-ball friction and wear tester. The friction and wear properties of copper-steel friction pairs under
different lubrication oils were measured by vertical universal test machine. The surface morphologies of the grinding
crack were observed by scanning electron microscopy (SEM), and the composition of its surface attachments was
analyzed by energy dispersive spectrometry (EDS). The results show that NBPE has good thermal stability and hydrolytic
stability, and it also exhibits excellent extreme pressure, anti-wear properties as additives in lubricating oils. The lubricant
exhibits excellent extreme pressure and wear-resistance attribute to the tribochemical reaction of nitrogen-containing
boric acid ester with the sliding surface. When the content of NBPE is 0.15% (mass fraction), it has the best extreme
pressure and anti-wear performance, the maximum non-seizure load (pg) value is increased by 148% and the wear scar
diameter is decreased by 23.3%. In steel-copper friction process, the coefficient of friction and the wear rate of copper are
also reduced by 59.4% and 45.2%, respectively. And a good copper surface can be obtained.
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Table 1 Statistic average values of adsorption energies (E,q)

on metal surface for additives

Eq/(kI'mol ™)

Additive

Cu(110) Fe(110)
EAPT 241.77 79.10
BECN 305.25 44.96
NBPE 32229 109.39
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Table 2 Elemental measured results of synthesized compound (Data in parentheses are calculated values)

Mass fraction/%

Compound
C H (0] P N B
NBPE 68.74(68.63) 9.66(9.69) 10.25(10.17) 2.40(2.46) 2.70(2.81) 1.81(1.75)
BECN 55.92(55.81) 9.65(9.68) 24.86(24.80) - 5.38(5.42) 4.33(4.26)
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3 NBPE 5 BECN (£ 4Migi
Fig. 3 FTIR spectra of NBPE(a) and BECN(b)
% 3 NBPE 5 BECN 44N
Table 3 Infrared analyses of NBPE and BECN
Wavenumber/cm™!
Compound
VCH,CHj VB0 Ve-N ve-u(benzene) Vp—0 Vp—0 Vc—0
1066.41
NBPE 2925.34, 2854.43 1378.72 1065.25 2958.80 11722 1175.91 1740.40
BECN 2917.62, 2850.18 1384.23 1067.20 2958.75 - - 1740.26
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Table 4 Hydrolytic stability of NBPE

Additive Hydrolytic stability/h
NBPE 86
BECN 59
T161B 9
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Fig. 5 Variations of tribological performance with additive

concentration (loading force (392+5) N; rotational speed

(1200+5) r/min; measured temperature 25 ‘C; measured time

30 min)
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Fig. 6 SEM and EDS of wear scar with additive NBPE
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Fig. 7 Optical micrographs((a;), (b;)), 3D morphologies((a), (b,)) and cross-section outline maps((a;), (b3)) of wear scars on steel

balls with two lubricants: (a,), (a), (a;) Without additive; (b;), (b,), (b;) With additive NBPE
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Fig. 8 Variations of coefficient of friction of copper-steel
friction pair with wearing time (Contact pressure 0.2 MPa;
rotational speed (200£2) r/min; measured temperature 25 C;

measured time 30 min)



o 25 B4 6 Wl i, S T B0 E BRI A S AR RS IR S EL R 1727

2.0

1.8F

Wear rate/(107° mm>-N"".m™)

0 005 010 015 020
Mass fraction of additive/%

B9 USHIANR NBPE {4 A H B H 5 (K22 10
Fig. 9 Variation of wear rate of copper under different

lubricating conditions adding different NBPE
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Fig. 10 SEM images of copper after friction and wear with two lubricants and corresponding EDS analyses: (a) Without additive;
(b) With additive NBPE; (c) Without additive; (d) Corresponding EDS analyses of area shown in (c)
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