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Abstract: Emulsion are widely used in mechanical processing equipment. However, their friction and lubrication mechanisms at
different wettability interfaces still need to be clarified. The film formation properties of emulsions on different wettability surfaces
were studied using a micro-slider on a rotating disc oil-film measurement system in conformal contact. The wettability of the slider
working surface was changed by applying oleophobic layers of AF ([CF(CF;) CF,0], (CF,0),) and FAS (C,3H;3F;;05Si). The
emulsion film thicknesses of the AF, FAS and unmodified steel surfaces were measured by optical interferometry. The test results
showed that differences in interfacial wettability led to a significant change in the thickness of the emulsion film. At the same
entrainment speed, the oil film thickness at the AF interface was higher than that of the steel surface, whereas the film thickness of the
FAS surface was the lowest. The emulsion film thickness of the AF surface with different concentrations tends to be constant at a high
speed. Low-viscosity emulsions require a higher entrainment speed to achieve the same film thickness. A positive correlation exists
between the film thickness and viscosity on both the steel and FAS surfaces. To explore the reasons for the different film thicknesses
of the emulsions on different wettability surfaces, the emulsion was fluorescently treated with R6G at a concentration of 0.5 mmol / L.
The pool distribution of the emulsion stock solution was determined by fluorescence microscopy. The cross-sections of the reservoir

characteristics along the entrainment direction speed of the interfacial emulsions with different wettabilities were extracted. The
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emulsion formed a curved surface at the entrance of the contact zone. Different surface wettabilities resulted in different curvatures of
the liquid surface. The radius of curvature of the liquid surface formed by the emulsion on the surface after the application of the FAS
coating was the largest, followed by the steel surface, with the smallest on the AF surface. Based on the inverse relationship between
the radius of curvature and Laplace pressure, the Laplace pressure at the inlet of the emulsion reservoir before dilution is positively
correlated with the oil film thickness. The AF surface emulsions were subjected to high Laplace pressures, allowing easier access to
the contact area. Diluted emulsified droplets will break inside or before the contact area under the combined action of the interaction
forces between the droplets, shear force and sliding force. After the rupture, a competitive relationship emerges between the oil and
water phases. Theoretical analysis showed that the oil phase formed an oil film in the contact area by a plate-out mechanism, which
plays a major load-bearing role. The film-formation ability is affected by the adhesion work performed by the water phase to separate
the oil phase from the solid surface. The surface energies of the different wettability sliders were calculated by the Owens two-liquid
method. Based on the contact angles of the emulsions at the interface of the steel, AF and FAS, the three-phase solid-water-oil
adhesion work was calculated. When the dispersion component of the emulsion is between 47.4 mN/m and 60 mN /m, the
calculated value of the adhesion work is consistent with the variations in the film thickness. In the experiment, the fluorescence
method and three-phase solid-water-oil adhesion work were combined to analyze the effects of the interfacial wettability on emulsion
film formation. The film thickness of the emulsions with different concentrations significantly increased after the slider was modified
by the AF. The relationship between the emulsion pool characteristics of the AF interface and film thickness proves that the
oleophobic surface also has a good film formation ability.

Keywords: hydrodynamic lubrication; emulsion; optical interference method; surface modification; film thickness
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Fig. 1 Test apparatus in conformal contacts

56 BCFLA VRIS 520 8 S A N S WL 3 B 4
R, RSO CE. Rk R
T ER- G B A DX A R LI (1) ¢ Y R, 43 W7 Steel s
AF J¢ FAS = FiA Rl R Lt X ) . X560t
PR AT HE AR, AT 20T Seent 45 SR 2 m o

1.2 iR R R &

A AR KO s, JoR A G,
RS FAE 20% /547, RIMHKERE Ra } 4 nm; Hdk
P, RS A 4 mmX 4 mm. BRI F B
H I 4 MBI [ 2 4 10 4540 BB N 1~
150 mm /s; A 2 N; BB A B UL S A
S FEA, B A TR BN A S-PANSO A5 T VG
R TR, LB B AT R 1 FiR.
RGBT RE T 4 BE O 99% 1 B P 6G(R6G ,
CasH31N,O3Cl, 4> T8 479.01, Fil4u 1 3R%] ( Fig
BRRATD AEATICHREN X FUA BT 2 AR,
BRI EEH 0.5 mmol / LU, #5358 Y4451 78 /0 T
FULHE, #E S L2 RIL 10%9 B Bh 5 EAT
Fikto R PPUE AN 42 mm, A 0.5 ml
. R (20£05) C, WEN
HR35-40%.

R1 TRIREFLRFEE KI5 R KA
Table 1 Viscosity and Refractive index characterization

of emulsions with different concentrations

Emulsion D.ynarr'lic Refractive indext
czl;c;r}tg/:z ti ”VI/sfszltys) Before adding After adding
fluorescent probe  fluorescent probe
100 0.085 6 1.4615 14615
90 2.7450 1.454 0 1.454 0
80 24316 1.453 5 1.453 5
70 0.398 6 1.450 0 1.4500
60 0.136 1 1.3915 1.3915
50 0.0413 1.380 0 1.3800
40 0.026 2 1.369 0 1.3690
30 0.009 6 1.356 5 1.356 5
20 0.003 1 1.3540 1.3540
10 0.001 4 1.3370 1.3370
0O(water) 0.001 0 1.3330 1.3330
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Table 2 Contact angle measurement results of different concentrations of emulsion on Steel, AF and FAS surfaces
100% 60% 50% 40% 30% 20% 10% 0
Steel 79+04 10.3+0.5 103+04 10.6+04 11.24+0.7 11.3+£0.5 12.1£0.2 69.1+1.9
AF 16.8+1.0 17.8£0.9 17.8+1.3 18.5+1.5 18.1£1.0 18.4+0.8 199+1.1 90.1+£1.7
FAS 13.0£0.7 14.5+£0.7 145+1.1 15.0£0.8 15.8+0.7 16.3£1.1 16.7£1.5 85.7+0.7
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Fig. 3 Film thickness measurement of emulsions with different concentrations on three surfaces
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Fig. 4 Variation curve of film thickness with velocity of the same concentration of emulsion on different wettability surfaces
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(b) Observation of Steel, AF, FAS surfaces emulsion stock solution pool by fluorescence method
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Table 3 Surface energy values and contact angle measurement results of liquids
L . Dispersive component Polar Component Liquid Surface Energy Stee AF FASo
Liquid Polarity o/(mN + m™) o/ (mN + m™) ou/ (mN + m™) 1y e 1e)
Water polarity 21.8 72.8 69.1 90.1 85
n-hexadecane non-polar 27.6 27.6 7 14.5 11.5
. . . e 240
K632 3 PSR T R 0 S H A e N R .
y S 23 S s = s — 220+ — Stee
AP, SRAFE R TR B 4 PR, — —— AF
's 200 ——FAS
o (1+cos0)=2((c6?)"? + (oP0d)"?) (8) -
g
%4 Steel. AF. FAS XEERSHBME =
5
Table 4 Steel, AF and FAS surface energy and component values i
.2
Dispersive Polar Solid surface E
Surface component component energy 2
o/(mN+m")  o/(mN-m"') o5/ (mNe-m) S
Steel 27.400 5 55999 33.000 4 80 of/mN -
AF 267397 29148 29.654 5 L 2 . (2 &
FAS 27.048 7 43586 31.407 4 Dispersive component ¢4 / (mN +m™!)
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Fig. 9 Adhesion work of different wettability
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Fig. 10 Mechanism of Film Formation on surfaces with different wetting properties of emulsions of different concentrations
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