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Tribological Properties of Black Phosphorus-Graphene Oxide
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Abstract: Titanium alloys are widely used in aerospace, maritime, military and other fields, but their poor tribological
properties limit their application in precision parts. Therefore, the study of lubricants suitable for the high precision forming
process of titanium alloys is the key to achieve efficient machining of titanium alloys. In this study, graphene oxide (GO)
and black phosphorus ( BP) nanosheets composite oil-based lubrication additives were prepared by phase transfer method.
The morphology, composition and phase structure of the composite additives were characterized by scanning electron micro-
scope, Raman spectrometer and X-ray diffractometer. The tribological properties of BP-GO nanosheets as liquid paraffin-
based lubrication additives on titanium alloy surfaces were evaluated using a UMT-5 multifunctional friction and wear testing
machine. The experimental results showed that the composite lubricant with a 1:4 mass ratio of BP nanosheets to GO exhibi-
ted the best tribological performance. Comprehensive test analysis confirmed that the excellent tribological properties of BP-
GO composite lubrication additives were attributed to the synergistic effect of adsorption and tribological chemical reactions.
This finding provides guidance for developing new lubricants for the fabrication and processing of titanium alloys.
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Fig. 1
analysis of black phosphorus (c¢)

XRD spectra (a) and Raman spectra (b) of red phosphorus and black phosphorus after 70 h of ball milling, SEM image and EDS
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Fig.2 TEM image (a), high resolution TEM image (b) and SAED pattern (c¢) of black phosphorus nanosheets
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Fig.4 SEM image (a) and XRD spectrum (b) of GO
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Fig. 10 SEM image and element distribution of the GCrl5 ball wear surface lubricated with BP-GO as lubrication additive
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MBIy, OEE 7R SUETEIRAE N S & AR BRI B
PRI, A8 R P s I — 2 40 >k Rk %o o 3 42 A in T
R B A E PR BRI

MEE 88 R BSOS B R T AT 45 Ok &, BP-GO B &
THE T A DO R 11 JBE 4% AR BOR S B FA IS T 26 BP R 2l GO i
TEESINGR U T AU DR Oy T B A P EAE R . A
Raman /P45 5% B, WiEAE A I B A BRI IE
BT BEREMS, R TR, BP-GO A A 2
BE AR A, EBEE R, T LN
RIMBTYI 1, BP-GO %5 5 kA= 3, A B TREARE
F 13 Sk BP-GO & AT T S R 64 v e AL R
EE, TR AT . BP-GO 9K gk ABERE R, 1E
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Fig. 13 Schematic diagram of lubrication mechanism of BP-GO composite lubrication additive

PRl R R A T A S RO RAR BN D X X8 B IX
itk 2 WAL BP-GO 942K R m] USSR [T - EE 5
T, A R I 014 o T BB 45 A ) E
ISR A E 5 B < R 3 O, DA TR JBE S JEE 45 A =2 1]
FY B ol IR S R BT

4 & it

ARSCHFSE T HABE-SE A AT B8 0 (BP-GO) 1B M & A W
UINFI LA GCr15/TC4 Sy JEE 8% @) 6 YA Ay s v 7y JEE 42 2
e, FELIBIT .

(1) SRR E RIS T BP A GO 78 A
T HIOR . 2O TR S AL, PR 1 BOR AT R
sy ERR s 1

(2) X4 BP 1 GO LB 1:4 1RARF, BP-GO AYEE
PerE R, BEERREUR/IN R 0. 1871, Y Ekfar g i),
BP-GO /554 LUy A £ 8 | 4l BP LA K4l GO I s in 5+
BRI S (Y R A MR R 6B BP-GO T 18 I in 1)
AT R B v AR e 1

(3) BP-GO R &FAYIE M PEI T e BRI R 1w LI Ak
TR, RSE) T UM EE W AR TRl A e A
BRI Z R T R Ar B D) RN ShVE T, N f 4R
TR TR e ) BE R A R
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