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Abstract Density of lubricant near the solid surface is measured by neutron reflectometry and discussed in the series
of studies. In this paper, three kinds of DLC films having different surface energies (normal DLC,
hydrophilic DLC and hydrophobic DLC) were prepared as base materials, and water was selected as a
lubricant. The instrument we used was a neutron reflectometer ‘MINE’ in Japan Atomic Energy Agency
(JAEA). The DLC films were soaked in water in a specially-designed sample holder, and the neutron
reflectivity profiles from the interface between DLC films and water were directly obtained. Through an
analytical fitting approach with Parratt’s theory to the obtained profiles, authors conclude that: (1) the
thickness of hydrophilic layer (O, plasma treated layer) on the hydrophilic DLC is 15nm, (2) the thickness
of dense water layer infiltrating in hydrophilic DLC is 2nm, and (3) the thickness of low-density water
layer on the surface of hydrophobic DLC is 3nm, and its density is almost half of normal water.

Density of Lubricant at Solid-Liquid Interface Measured by Neutron Reflectometry (Part 1)

—In the Case of DLC Films Having Various Surface Energies and Water—
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Table | Coherent scattering length of typical elements”

Element | b[X10"% cm]
H -0.374
D 0.667
C 0.665
o 0.580
F 0.56
Si 0.42
Detector
Slit 1
1,500 mm

Beam I
source

X
ﬂLﬁy

Fig. 1 Schematic diagram and specifications of ‘MINE’

Neutron beam

Maximum sample size (y X z): 100X 100 mm?
Beam size (x Xz): 0.2-6.0 X 1.0-30 mm?
Wavelength: 8.8 A™! const. (Accuracy: 3%)

HpE R E MINE 12 L » T S5 bR
7a 7 7 A NO—Fl% Fig. 2 12T, UL,
FHNE /R ar T ay s Bl v VRS
i LT B B GO 7 A L TH
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xim, £, =y ) a R CRE
P9 5. KLY, WRmE SO SEEIZG
U7= T (Kiessig fringe) ZEAKL TV D D0
RCHEND. 728, il g ITBEL~Z ML TH Y,

q=4rsin0/A DEURIZIH % . MINE |3 B4 HoR
ORFFEHTHY, TRATEETH D720, gl

O DHDOEETHDH. 7238, THETHRNO /D TR
] EIXEELESE (Nb ) DR mHEET.
N IIRERR 1 O, b IX T WL R
(Table 1) Zf5L, NbEIZWMEZEOHE THL. 7
B, MARMEAEWOREEIX, Nb=> N;b; THZ
LB, Lo T, MNDh > TWAWEIC
BLTiE, bI3BEROMTHD0, NbITHEE
(JBE) OHROB¥E L TEZDZENTES.
Figure 2 (28T, ERILT 1 v 7 1 » 7 lliff
ThbD. 74T 42 7T Parratt OB 'Y
IZEDNWTEY, @MU 74 T4 7 %ITH 2
LIZEY, GO NbEEREEZHEET D L
MTED. 7ok, ARIEEIZBIT D Nb EOHEENE

FEIZ 05X 10°AZ U FTh Y, BIEOHEERE I
T1nm LT THh 5.

Interference
Nickel thin film —= 9.4X10
Silicon block ——— L 2.1X10°
Nb, A?
10
Critical reflection ¢
1
o *—% Kiessig fringe
E 0.1 |- Total reflection ¥ /ﬂ/
5 area % qf%&
[
% 001 V e S
) A
0.001 - o Exp. \/
— Theor. (70 nm-Ni on Si block)
0.0001 . L L L

0 0.01 0.02 0.03 0.04 0.05 0.06

Scattering vector g, A™!

Fig. 2 Typical reflectivity profile of standard specimen
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Table 2 |27~ & 9 72 3f¥HD DLC B4 HE L7-.
CH, /7 A D3 AT & » THERR L 7= %R 7 DLC
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B L 7=, 0, 7T A~ LI iofﬁmé%ﬁ
HL7=bD% 8K DLC 5], IR CoF 4
AHEATHZ LI L > TRAMEEZMS L-b D
Z [HKDLC IR MR L35, ks, K
EOFEIZ OV T, 3Tk 15, 16) 2 S E 7o u.,

Table 2 Specifications of samples

Hydrophilic | Hydrophobic
Normal DLC DLC DLC
Introduced
+
gas for CVD CH, CHs CHyt+CoFs
Post ) 0O, plasma
processing treatment
Contact
=+ =+ =+
angle 8213 deg. 7313 deg. 98+ 1 deg.
Thickness About 70 nm | About 70 nm | About 90 nm
Roughness <1nm <1nm <1nm
Ra
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P _ *Z o
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Scattering vector g, A™!
Fig. 3 Reflectivity profiles of three kinds of DLCs in air

Table 3 Nb values and thicknesses of three kinds of DLCs

Layer Nb. A2 Thickness,
structure nm
Normal DLC 0.9x10° 74
Hydrophilic :
Hydrophilic yla P max. 2.1 X 10 15
yer
DLC ‘
Normal DLC 0.9X 10" 59
Hydrophobic 6
X
DLC 4.1X10 96

Hydrophilic layer (15 nm)

2.1X10° (5 nm)

1.7X10°° (5 nm)
2 . |d( 13X 10 (5 nm)
0.9 10 (59 nm)

2.1X10°

Normal DLC

Si block

—  Nb, A7
Fig. 4 Physics model and Nb profile of hydrophilic DLC
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Fig. 5 Reflectivity profiles of hydrophilic DLC in air
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(a) Reflectivity profile and fitting curve
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|
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(b) Physics model
Fig. 7 Profile and model of normal DLC/D,0 interface
1 i
0.1 %a On the physical model
. \ with high density layer
= 00l
‘8' o Exp. \\%
E 0.001 - — Theor. -
On the physical model \
0.0001 I without high density layer
0.00001 L L
0 0.01 0.02 0.03 0.04 0.05
Scattering vector ¢, A”!
(a) Reflectivity profile and fitting curve
Infiltrating dense 6.4%10%
water layer (2 nm) 8.0X10°
Infiltrating } 45,32, .
2.5X10"
layer (13 nm) Normal DLC
I | 0.9%10°
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Fig. 8 Profile and model of hydrophilic DLC/D,0 interface
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Fig. 9 Reflectivity profiles of hydrophilic DLC in air
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Fig. 10 Profile and model of hydrophobic DLC/D,0 interface

Table 4 Nb values and thicknesses of DLCs/D,0 interface

Layer Nb. A2 Thickness,
structure nm
Normal Water 6.4x10°
DLC/D;O | Normal DLC 0.9Xx10° 74
Water 6.4%x10°
Infiltrating
o dense water 8.0x 10 2
Hydrophilic layer
DLC/D,0 —
niltrating - 4.5%10° 13
water layer
Normal DLC 0.9%x10° 59
Water 6.4x10°
Hydrophobic | -°% dfm”y 2.8%10° 3
DLC/D,0 e
Hydrophobic 6
X
DLC 4.1X10 96
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