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ABSTRACT: The work aims to investigate the modification effects of different modifiers on nano-palygorskite surface and

explore their anti-friction and anti-wear performance and self-repairing mechanism in oil lubrication. Oleic acid and titanate
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were selected as the modifiers to modify the nano-palygorskite and the modification effect was evaluated by sedimentation
experiments and transmission electron microscope (TEM). The pre-selected modifier and the nano-palygorskite were put in a
ball millfor online modification to prepare lubricating oil additive. Then the nano-palygorskite additive was dispersed into base
oil 150N through ultrasonic treatment to obtain the final lubricating oil dispersion. After that, the tribological properties of
nano-palygorskite additive were tested by a ring-on-disk tribometer. The microstructure was observed and analyzed by
metallographic microscope, scanning electronic microscope (SEM) and energy dispersive spectrometry (EDS), and the
lubrication and self-repairing mechanisms were also explored. The nano-palygorskite modified by oleic acid could meet the
requirements of the lubricant industry and significantly improved the tribological performance of lubricating oil. Specially, when
3.0wt.% of nano-palygorskite additive was introduced, the average friction coefficient and wear mass loss of 45# steel friction
pair were reduced by 31.3% and 16.0% respectively, due to the formation of multiple elements-based composite ceramic
self-repairing films. Nano-palygorskite additive can be intelligently adsorbed to the frictional interface along with the flowing
oil and generates a nano-ball effect by avoiding the direct contact between friction pairs. Simultaneously, the friction-induced
furrows and scratches are also filled by the self-repairing films during the interface sliding process. The nano-ball effect and the
self-repairing film can work together to achieve the excellent friction-reducing and wear-resisting effect.

KEY WORDS: nano-palygorskite; surface modification; lubricating oil additives; anti-friction and anti-wear property;

self-repairing
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Tab.1 Chemical composition of palygorskite

wt%
SiOZ A1203 Fe203 T102 MgO MnO CaO Kzo NaQO Hz()Jr HZO' Others
56.10 12.50 1.68 0.04 8.72 0.02 0.85 0.12 0.12 14.80 4.76 0.29
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Tab.2 Chemical reagent used in the experiment
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Tab.3 Composition of different lubricating oil samples

Reagent Purpose Specification Manufacturer Code name Constituent
(%lei;:l a(c)id) Modifier AR Nanjing Reagent Co., Ltd NPA-0 150N
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Fig.1 Schematic diagram of ring-disk test

e —E el o SR A . RS P aR B 20 min, #%
HA 900 r/min; B 5 AR EUY S EL 15 min, B
BT EUR R, Z 550 A 10 mL ()&= A 21T
DUREIRES . AR 2 h BT R AR B IE S5, g
S IE] 2k 24 ho TEM R : SR 3% 5 L 7 W85 ( TEM,
HAH PRk a4tk 7=, JEM-2000FX ) WLEEA [H] il
HEFME G NP EE S TE S RN, I B A 180 kV o
1.3.2 EEIXIE R

JEE 45 ZR B R R A BEHE R 25 5 FRPE I G S 8K
A I HL B 5, B S h OFH%80, F AR50 1 a)
NN, Z )5 Geih A e 0 (8] i 7 35 e 48 &R 4, It
T4y 2 — W F R0 sl R B 4 1 A8 Ak 38 ad 42
AH SR ) A5 W E R B 0 X35, 4l P S B
(SEM, HAZHA AL, EPMA-1600 ) #— 50
PRI MOS0 A RE A BGE{ (EDS)
X oy HEA T RAE o

2 #R5HE

21 HUEER5HH

211 MBEREER

A AR B PERIME M NP SRR S 24 h 1] Y
DUREARRIAS AL N 2 B o BRIRES . TR AE Ry el 77
FITMFESS FIC A 1HMEER 28 A HIR 2 AT, 1#
THFERE— B ZI DTS R AR T 2#, HLB 2 B ) 4
B, MEZESER, FrHlE 20 h 25, 2#8mAEET
R, T VMR TR & 22 K, g2
B, PRI IIAE A DTR R B 25 43 518 5.5 mm A1 3.0 mm,
R 2 J3E 25000, 2% BH e B AR 1 2 P b e PRI
TR IS Y NP 7840 IR0 0 2 Bt A
2.1.2 TEM#&NER

BRI SO FME MG ) NP #E4T TEM A, 255
wE 3 frs. IR . EKFRER MY NP A R A i KR



Fas 121

FBRIAE RN ORI 2 A il T e DR B RE S 221 -

4150k 416 nm A1 508 nm, 2 BT R X4 K B A 2
T AR B U S R e, T BRI I P e PRI e 22, K

6

]
H

e

—
I+

Sedimentation/mm
w
-nm:ﬂu‘m‘m \'l“i"‘-‘uiéi 00

A
4

0 4 8 12 16 20 24
Time/h
B2 HESUTRR IR ST

Fig.2 Statistics of sample sedimentation volume
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Fig.3 TEM image of modified NP: a) modified by oleic acid; b) modified by titanate
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Fig.7 SEM images for wear surface of the disk: a) NPA-0 oil; b) NPA-2 oil; c) NPA-3 oil
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Fig.8 EDS patterns for wear surface of the disk: a) NPA-0 oil; b) NPA-2 oil; ¢) NPA-3 oil
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