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[Description]

[Title of Invention] FAUCET VALVE
[Technical Field]

[0001]

The present invention relates to a faucet valve.

[Background Art]
[0002]

In order to fabricate a faucet valve with high rig
andhighcorrosionresistanceatalowcost,useof
aluminahasbeenstudied. Afaucetvalvehasbeen
onevalvebodyiscoatedwithanamorphouscarbonl

to improve the slidability of the faucet valve (for

Japanese Patent Application Publication No. Hei 9-1

[0003]

Generally, in a case where amorphous carbon is app

toaslidemember,ashardanamorphouscarbonlaye
is used for the coating to make full use of a "hard

of the amorphous carbon. As aresult, in the fauce
whichonevalvebodyiscoatedwithanamorphousca
the other valve body, provided with no coating film
wears due to their sliding (for example, [0021] in
PatentApplicationPublicationNo.Hei9-292039,an
the Japanese PatentApplication PublicationNo. 200
Wear of a valve body formed from a sintered body an
withno coatingfilm, however, involvesaproblemt
amount of hard wear debris originating from the sin
is produced to deteriorate the sliding characterist
time.

[Summary of Invention]
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Anobjectofthepresentinventionistoprovidea
valve in which ceramic-made valve bodies slide on e
with water in between, the faucet valve achieving e
slide performance.

[0005]

The structure of the amorphous carbon layer is an

amorphous structure in which a diamond-like structu
graphite-likestructurearemixedtogether. Thera

the diamond-like structure and the graphite-like st
varies one another. The inventors have focused on
characteristic thatthe employment of afilm struct
thananaluminavalvebodyfortheamorphouscarbon
itpossibletomake wear debrisrelatively softeve
wheretheamorphouscarbonlayerisworn. Inother
inventorsselectedanamorphouscarbonlayerwhose

equal to or less than that of its counterpart mater
deliberately worn the amorphous carbon layer by sli
amorphous carbon layer. Furthermore, the inventors
managedtoselecttheamorphouscarbonlayerthate

withwater. Toputitspecifically,theinventors

ratio in the amorphous carbon layer, measured by Ra
spectroscopy, within a predetermined range, and the

it easy for the amorphous carbon layer to react wit
Consequently,theinventorshavefoundthat:sucha
carbonlayercanbeselectivelywornwhenonevalve

overthe othervalve body with avery smallamount

between; and the amorphous carbon layer makes it po
relativelyincreaseanamountoflubricantlayerfo
thefirstandsecondvalvebodies. Theinventorsh

gotafindingthatthe selectivewearandtheincre

faucet
ach other
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of lubricant layer makes it possible to effectively
progress in wear of the first and second valve bodi
Eventually,theinventorshavecompletedthepresen
based on these findings.

In other words, the presentinvention provides af
valve including: a first valve body including a fir
surface, and formed from an alumina-based sintered
asecondvalvebodyincludingasecondslidesurfac
fromanalumina-basedsinteredbody,thefirstand
surfaces at least partially being in contact with e
withwaterinbetween,wherein: afirstamorphousc
is provided to at least part of the second slide su
hardnessofthefirstamorphouscarbonlayerisequ
thanthatofthealumina-basedsinteredbodyformin
valve body; and in the first amorphous carbon layer
(ID/IG)ofaDpeaktoaGpeak,measuredbyRaman
is greater than 0.5 but less than 1.9.
[0006]

The present invention can provide the faucet valve
whichceramic-madevalvebodiesslide oneachother
in between, the faucet valve achieving excellent sl
performance.
[Brief Description of the Drawings]
[0007]

Fig. 1 is an exploded perspective view illustratin
faucetvalveaccordingtoanembodimentofthepres
with its constituent valve bodies separated from ea

Fig. 2isamagnified cross-sectional viewillustr
a structure of a second valve body.

Fig. 3 is a graph showing a relationship between r
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(ID/IG)and awearamountofanamorphous carbonla
of examples and comparative examples (except for th
hardnessofafirstamorphouscarbonlayerwasgrea
ofanalumina-basedsinteredbodyformingafirstv

Fig. 4 shows photomicrographs of first valve bodie
(balls) taken after a ball-on-disk friction wear te

Figs. 5A and 5B are photomicrographs of the first
bodies (balls) of Example 3 and Comparative Example
respectively,takenaftertheball-on-diskfriction
[Description of Embodiments]

[0008]

Afaucetvalveofthepresentinventionincludes:
valve bodyincludingafirstslide surface, andfor
alumina-basedsinteredbody;andasecondvalvebod
a second slide surface, and formed from an alumina-
sintered body. At least parts of the respective fi
secondslidesurfacesareincontactwitheachothe
in between. In addition, a first amorphous carbon
provided to at least part of the second slide surfa
hardnessofthefirstamorphouscarbonlayerisequ
thanthatofthealumina-basedsinteredbodyformin
valve body. The hardness of the amorphous carbon |
measured, for example, by nano-indentation. The ha
thefirstamorphous carbonlayerispreferably30G
and more preferably 25 GPa or less. On the other h
hardness of the first amorphous carbon layer is pre
greaterthan8GPa. Thishardnessofthefirstamo
layer makes it possible to form a lubricant layer e
tothusinhibitaprogressinwearofthefirstamo

layer.
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Furthermore,inthefirstamorphouscarbonlayer,
(ID/1IG)ofaDpeaktoaGpeak,measuredbyRaman
is greater than 0.5, butlessthan 1.9. The ratio
thefirstamorphouscarbonlayerispreferablygrea
but less than 1.5, and more preferably not less tha
notgreaterthanl.4. Theratio(ID/IG)inthefir
carbon layer set within this range makes it possibl
the lubricant layer easily, and to thus inhibit the
inwear ofthefirstamorphous carbonlayer. Moreo
first amorphous carbon layer, N/(N+S) measured by R
spectroscopyispreferablylessthan0.33,andmore
0.31 or less. The N/(N+S) is much more preferably
greater. The N/(N+S) in the firstamorphous carbon
withinthisrange makesitpossibletoformthelub
easily, and to thus inhibit the progress in wear of
amorphous carbon layer.
[0009]

In addition, the surface roughness (arithmetic ave
roughnessRa)ofthefirstamorphouscarbonlayeri
less than 0.3 um, more preferably less than 0.2
morepreferablylessthan0.1
first amorphous carbon layer set within this range
possible to decrease the wear amount of the first a
carbon layer.

Moreover, the first amorphous carbon layer may fur
containathirdelement(s)suchasSi,CI,N,Fand
amorphous carbon layer containing the third element
itpossibletodecreasethe coefficientoffriction
leveroperating forcemore, andto slide the second

over the first valve body smoothly.
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Thethicknessofthefirstamorphouscarbonlayer
orgreater,andmorepreferablyl
ofthefirstamorphouscarbonlayersetwithinthis
itpossibletoformthelubricantlayerwelleveni
the first amorphous carbon layer wears slightly.

Furthermore, for the purpose of enhancing the adhe
between the second valve body and the first amorpho
layer,anintermediate layermaybe provided betwee
amorphous carbon layer and the second valve body.
inthis case, acomposite layeroraninclination|
provided between the first amorphous carbon layer a
intermediate layer. In this respect, the composite
alayerthatcontainsamorphouscarbonandthesame
layermaterialasthatcontainedintheintermediat
thiscompositelayer,theamorphouscarbonandthe
layer material may be stacked alternately. Otherwi
amorphous carbon and the intermediate layer materia
mixedtogether. Theinclinationlayerisalayert
amorphous carbon and the same intermediate layer ma
thatcontainedintheintermediate layer,wherethe
theintermediatelayermaterialdecreasesfromthe
layer toward the first amorphous carbon layer, and/
the content of the amorphous carbon increases from
intermediate layer toward the first amorphous carbo
Thecompositelayerand/ortheinclinationlayerca
by elementmapping using an energy dispersive X-ray
forexample. Theintermediatelayermaterialconta
intermediate layerisnotlimitedtoaparticularo
as it can enhance the adhesion between the second v

and the first amorphous carbon layer. Examples of

is0.5 um
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intermediate layer material include Cr, W, Ti, Sia nd Al.

[0010]

Asecondamorphouscarbonlayermaybeprovidedto atleast
part of the first slide surface. In this case, the hardness
of the first amorphous carbon layer and the hardnes s of the
secondamorphouscarbonlayermaybeequaltoordi fferentfrom
each other.

Moreover, the second amorphous carbon layer may fu rther
containathirdelement(s)suchasSi,CI,N,Fand O. Thesecond
amorphous carbon layer containing the third element (s) makes
itpossibletodecreasethe coefficientoffriction ,toreduce
the lever operating force more, and to slide the se cond valve

body over the first valve body smoothly.

Besides, for the purpose of enhancing the adhesion

between the first valve body and the second amorpho us carbon
layer,anintermediatelayermaybeprovidedbetwee nthesecond
amorphouscarbonlayerandthefirstvalvebody. M oreover,in
this case, a composite layer or an inclination laye r may be
provided between the second amorphous carbon layer and the
intermediate layer. In this respect, the composite layer is
alayerthatcontainsamorphouscarbonandthesame intermediate
layermaterialasthatcontainedintheintermediat elayer. The
inclinationlayerisalayerthatcontainsamorphou scarbonand
the same intermediate layer material as that contai nedinthe
intermediatelayer,wherethecontentoftheinterm ediatelayer
material decreases from the intermediate layer towa rd the
second amorphous carbon layer. The intermediate la yer
materialcontainedintheintermediate layerisnot limitedto
aparticularone,aslongasitcanenhancetheadh esionbetween
the first valve body and the second amorphous carbo n layer.
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Examplesoftheintermediate layermaterialinclude
Siand Al.
[0011]

The alumina-based sintered body forming the first
second valve bodies contains alumina (Al
component. A commercially-available sintered body
sufficientstrengthandrelativelyfewporesmaybe
alumina-basedsinteredbody. Thealumina-basedsin
containing alumina (Al
with an alumina (Al
90% or greater, and more preferably 96% or greater.
[0012]

Thefaucetvalveaccordingtothepresentinventio
be hereinbelow described citing an example. The pr
invention, however, is not limited to this. Fig. 1
exploded perspective view illustrating the faucet v
according to an embodiment of the present invention
constituent valve bodies separated from each other.

The faucet valve 100 includes the first valve body
asecondvalvebody. Descriptionswillbehereinp
anexamplewhere:thesecondvalvebodyisamovabl
20; and the first valve body is a fixed valve body
Nevertheless, the first and second valve bodies may
movablevalvebody20andthefixedvalvebody30,

The movable valve body 20 includes asecond slide s
Thefixed valve body 30includesafirstslide surf

the faucet valve 100, at least parts of the respect
andsecondslidesurfaces31,21areincontactwit
with water in between.

Themovablevalvebody20(thesecondvalvebody)

Cr,W,Ti,

and

2O;) as its main

with
usedasthe

teredbody

20;) as its main component may be used

2O3) purity of 50% or greater, preferably

nwill
esent
is an
alve 100

with its

and
rovidedfor
evalvebody
30.
be the
respectively.
urface 21.
ace3l. In
ive first

heachother

is,for
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example,adisk-shapedvalvebodythatincludesaf
22 penetrating through the movable valve body 20 be
upper and lower surfaces, and is formed from an alu
sinteredbody. Inaddition,asillustratedinFig.
surface 21 (the secondslide surface)isformedon
ofthemovablevalve body 20 by depositinganamorp
layer24 (afirstamorphouscarbonlayer)onthesu
movablevalvebody20withanintermediatelayer23
Furthermore, the fixed valve body 30 is formed as
disk-shaped valve body that is larger than the mova
body20,andthatincludes,forexample,afluidpa
two fluid discharge ports 33a, 33b (for example, a
dischargeportandacoldwaterdischargeport)tha
through the fixed valve body 30 between the upper a
surfaces.
Moreover, the slide surfaces 21, 31 are in intimat
contactwitheachotherwithnolubricantinbetwee
movable valve body 20 is slid over the fixed valve
moving a lever (not illustrated), the fluid passage
included in the respective valve bodies 20, 30 are
closed. Thereby,themovablevalvebody20andthe
body 30 controls a flow rate of supplied fluid, and
opening degrees of the respective fluid discharge p
33b.
In this respect, since the amorphous carbon layer
excellentself-lubricatingpropertiesisdeposited
surface 21 ofthemovablevalvebody20,themovabl
20 can be smoothly slid over the fixed valve body 3
avoiding much wear of the fixed valve body 30 and r

lever operating force regardless of no lubricant be

luidpassage
tween the
mina-based
2.theslide
thesurface
houscarbon
rfaceofthe

inbetween.

ble valve
ssage32and

hot water
tpenetrates
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slide surfaces 21, 31.

[0013]

AratioofaDpeaktoaGpeakandN/(N+S)inthe amorphous
carbon layer can be obtained using the following me thod.

To beginwith, laser Raman spectroscopy is perform edto
obtain a Raman spectrum using alaser Raman microsc ope (RAMAN
Touch VIS-NIR (made by Nanophoton)). The measureme nt
magnification is at 20 times; and the measurement d lameteris
at ~1 micrometer. As a light source, a laser beam with a
532-nanometer wavelength and a 0.5-mW power is used . The
exposure time is at 1 second, and the number of tim es of
accumulationisat10. Thediffractiongratingis at600gr/mm.

The analysis is performed using analysis software like
OriginPro 2016 (produced by Lightstone Corporation) . The
background is removed from the waveform of the obta ined Raman
spectrum. Waveformseparationisperformedontwo peaksaround

the wavenumbers 1350 cm T and1530cm ! (respectively referred

toasa"Dband"anda"Gband")byacurvefitting methodusing
a Gaussian function. The areas of the D and G band S are
respectivelydenotedbylDandIG,andaratiobetw eentheareas
of the two respective bands is denoted by ratio (ID /IG). An
intensity ratio N/(N+S) is obtained where: S denote s the
intensity of a Raman scattered light component at a peak
position of the G band in the Raman spectrum; and N is the

intensity of a fluorescent component.
[0014]

Thehardnessoftheamorphouscarbonlayercanbe obtained
using the following method.

The hardness of the amorphous carbon layer is meas ured

usinganultra-smallindentationhardnesstester(E NT-2100made

10



10

15

20

25

30

by Elionix Inc. with a triangular-pyramid diamond i
Forthemeasurement, atestloadisat5mN, astep
at 20 msec, and a retention time is at 1000 msec.
hardness is measured 10 times, the film hardness is
as an average of 8 measurement values that are obta
excluding a maximum value and a minimum value from
measurement values.
[0015]

The surface roughness of the amorphous carbon laye

be obtained using the following method.

The surface roughness is measured using a surface

roughness tester (SURFCOM 1500, made by Tokyo Seimi
Ltd.) basedonJISB0601:2001, andis obtained as
average roughness (Ra).
(Examples)
[0016]
More detailed descriptions will be provided for th
presentinvention using the following examples. It
noted that the present invention is not limited to
examples.
[0017]
1. Sample Production
1-1. Base Material
Analumina-basedsinteredbodywitha96-percenta
purity was used as the base material of the second
The slide surface (the second slide surface) of the
body was ground to have a predetermined surface rou
[0018]
1-2. Making of Coating Layer (Amorphous Carbon Laye

(Examples1to7aswellas Comparative Examples 1
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9)

Anunbalancedmagnetronsputteringsystemwasused
base material was baked using a heater at a predete
temperature. Thesurfaceofthe base materialwas
Ar plasma. Thereafter, the intermediate layer and
amorphous carbon layer were deposited on the result
materialinthisorder. Chromiumandtungstenwere
materials of the intermediate layer. Solid carbon
hydrocarbon (methane and/or acetylene) gas were use
materials of the amorphous carbon layer. The sampl
second valve bodies) of Examples1to 7 aswellas
Examples 1, 4 to 7 and 9 were obtained by controlli
deposition pressure, the hydrocarbon gas mixture ra
biasvoltage to be applied tothe base material, an
Ineachsample,thefilmthicknessoftheamorphous
was within arange of 0.5 umto 2
sample as prepared for Example 5 was used as the se
body of Comparative Example 1.

(Example 8 and Comparative Example 2)

Aplasma-enhancedchemicalvapordeposition(CVD)
was used. Radio-frequency plasma and direct-curren
wereusedastheplasmasource. Thesurfaceofthe
wasetchedwithArplasma. Thereafter,theinterme
andtheamorphouscarbonlayerwere depositedonth
base material in this order. Silicon carbide wasu
material of the intermediate layer. Hydrocarbon (m
and/oracetylene)gaswasusedasthematerialoft
carbonlayer. ThesamplesofExample8andCompara

2 were obtained by controlling the deposition press

hydrocarbon gas mixture ratio, the bias voltage to

12
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to the base material, and the like. In each sample
thickness of the amorphous carbon layer was at 1
(Example 9)
Aplasma-enhancedchemicalvapordeposition(CVD)
wasused. Thermal-filamentplasmawasusedasthe
The surface of the base material was etched with Ar
Thereatfter, the intermediate layer and the amorphou
layer were deposited on the resultant base material
order. Silicon carbide was used as the material of
intermediate layer. Hydrocarbon (methane and/or ac
gaswasusedasthematerialoftheamorphouscarbo
sampleof Example 9wasobtained by controllingthe
pressure, the hydrocarbon gas mixture ratio, the bi
to be applied to the base material, and the like.
thickness of the amorphous carbon layer was at 1
(Example 10)
Aplasma-enhancedchemicalvapordeposition(CVD)
was used. Alinearionsource was usedto generate
surface of the base material was etched with Ar pla
Thereatfter, the intermediate layer and the amorphou
layer were deposited on the resultant base material
order. The intermediate layer was deposited by unb
magnetronsputtering. Chromiumwasusedasthemat
intermediate layer. Hydrocarbon (methane and/or ac
gaswasusedasthematerialoftheamorphouscarbo
sampleofExamplel0wasobtainedbycontrollingth
pressure, the hydrocarbon gas mixture ratio, the bi
to be applied to the base material, and the like.
thickness of the amorphous carbon layer was at 1

(Comparative Examples 3 and 8)

13
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An arc ion plating system was used. The base mate
was baked using a heater at a predetermined tempera
surface of the base material was etched with Ar pla
Thereatfter, the intermediate layer and the amorphou
layer were deposited on the resultant base material
order. Titaniumwas used as the material of thein
layer. Solidcarbonwasused asthe material ofth
carbon layer. The samples of Examples 3 and 8 were
by controllingthedepositionpressure, the biasvo
applied to the base material, and the like. In eac
the film thickness of the amorphous carbon layer wa
[0019]

2. Analysis and Evaluation Methods

Eachsamplepreparedasdiscussedabovewasanalyz
evaluated as follows.

2-1. Raman Spectroscopic Analysis on Amorphous Carb
(ratio (ID/1IG) and N/(N+S))
[Measurement]

Foreach sample, Laser Raman spectroscopic analysi
performed with the following conditions, and aRama
was obtained.

Apparatus: alaserRamanmicroscope,RAMANTouch
(made by Nanophoton)

Conditions: Measurement Magnification at 20 times

Measurement diameter at ~ 1

Light Source
Laser Wavelength at 532 nm
Laser Power at 0.5 mW

Exposure Time at 1 second

Number of times of Accumulation at 10

14
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Diffraction Grating at 600 gr/mm

[Analysis]

OriginPro 2016 (produced by Lightstone Corporation ywas
used as the analysis software.
(ratio (ID/1G))

For each sample, the background was removed from t he
waveform ofthe obtained Raman spectrum. Waveform separation
was performedonthetwopeaksaroundthewavenumbe rs1350cm
and1530cm  (respectively referred to as a"D band" and a"G
band")bythecurvefittingmethodusingthe Gaussi anfunction.
The areas ofthe D and G bands were respectively de noted by ID
andIG,andaratiobetweentheareasofthetwore spectivebands
is denoted by ratio (ID/1G).

(N/(N+S))

Anintensity ratio N/(N+S) is obtained where: S de notes
theintensity ofaRamanscatteredlightcomponent atthe peak
positionofthe Gbandinthe Ramanspectrum;andN denotesthe
intensity of the fluorescent component.

[0020]
2-2.Hardnessof AmorphousCarbonLayer:Nanolnden tationTest

For each sample, the hardness of the amorphous car bon
layer was measured using a Nano-indentation tester (ENT-2100
made by Elionix Inc. with a triangular-pyramid diam ond
indenter). The measurement conditions were the tes tload at
5mN, the step interval at 20 msec, and the retentio n time at
1000msec. Afterthe hardnesswasmeasured10time s, thefilm
hardness value was obtained as an average of 8 meas urement
values that were obtained by excluding a maximum va lue and a

minimum value from the 10 measurement values.
[0021]

15
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2-3.SurfaceRoughness(Ra)ofAmorphousCarbonLay er:Surface

Roughness Measurement

For each sample, the arithmetic average roughness (Ra)
was measured using a surface roughness tester (SURF COM 1500,
madebyTokyoSeimitsu,Co.,Ltd.). Themeasuremen tconditions

were set based on JIS B 0601: 2001.

As for the sample of Comparative Example 3, the su rface
roughness was measured at 0.2 um, and the surface was rough.

As for each of the other samples, the surface rough ness was
measured at 0.1 um, and the surface was smooth.

[0022]

2-4. Specific Wear: Ball-on-disk Friction Wear Test

(Wear Test)

Aball-on-diskfrictionweartestwasperformedwi ththe
followingconditions. Theabove-obtainedsampleso fExamples
1lto6andComparativeExampleslto3weretreated asthesecond
valvebody. Analumina-basedsinteredbodyorast ainlesssteel
(SUS)wasusedasthematerialofaball(thefirst valvebody).

Tester:africtionweartester, FPR-2100(made by Rhesca
Co., Ltd.)

Conditions:Load at 400 g
Speed at 10 mm/s
Oscillation Width at 5 mm
Number of Reciprocations at 5000
Oscillation Environment
Room Temperature
Underwater
(Calculation of Specific Wear Amound)
Foreachsample,thecross-sectionalareaofanab rasion

markontheamorphouscarbonlayer(thefirstamorp houscarbon

16
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layer) afterthe frictionweartestwas measured us ingalaser

microscope(OLS-4100,madebyOlympusCorporation). Usingthe
obtained cross-sectional area of the abrasion mark, the
specific wear amount was calculated based of the fo llowing
equation:

mm® (Wear Volume [mm?®]

. mm®
SpecificWear Amount [y m] = 7o (Shide Distance [ml)

[0023]
2-5. Observation of Lubricant Layer

Foreach sample, after the wear amount calculation ,the
ball (the first valve body) was cleaned with ethano |, and was
subsequentlydried. Afterthat,aweartrackmade ontheball
(the first valve body) in the friction wear testwa sobserved
usingadigitalmicroscope (DVM6,madebyLeicaMic rosystems).
Toputitspecifically,theabrasionmarkwasobser vedwiththe
following conditions: an exposure time at 33 ms; co lor gains
at R400, G256 and B350; a color saturation at 25; a luminance
brightness for CXl illumination at 60; no lambda pl ate used.
Samplesinwhich alubricantlayer derived from the amorphous
carbon layer was observed were evaluated as being g ood, which
is represented with o (white circle). Samples in which no
lubricant layer derived from the amorphous carbon | ayer was
observedwereevaluatedasbeingpoor,whichisrep resentedwith
x (cross). Figs. 5A and 5B show results of the obs ervations
ofthe lubricantlayers of Example 3 and Comparativ e Examples

3, respectively.
[0024]
2-6. Check of Composite Layer

Foreachsample,aspecimenforobservationwasob tained

17
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by: cuttingthe sample afterthe deposition;andpo

obtainedcrosssection. Thecrosssectionsofthe

layer and the amorphous carbon layer were observed

scanning electron microscope (S-4100, made by Hitac

Using an energy dispersive X-ray analyzer (EMAX-700

Horiba, Ltd.),anelementmapwas producedtoshow

distribution of carbon and intermediate layer eleme

field of view where each layer were observed. Thus

existenceoftheamorphouscarbonlayerandthecom

of the intermediate layer elements was confirmed in

sample.

[0025]

3. Results
Tablelshowstheresultsoftheabove-discusseda

and evaluation. In addition, the graph in Fig. 3 s

relationship between the ratio (ID/IG) and the spec

amount of the amorphous carbon layer in each of the

and the comparative examples (except for those wher

hardness of the firstamorphous carbon layer was gr
thatofthealumina-basedsinteredbodyformingthe
body). These results shows that: in the case where
valvebodywasformedfromthealumina-basedsinter
ratio (ID/1G) fellwithina predetermined range (gr

0.5 but less than 1.9), the lubricant layer was acc
formed sufficiently, and the specific wear amount w
(Examples 1to06). Inacase wheretheratio (ID/]
ofthe range, no lubricant layer was formed, and th
wearamountwas large (Comparative Examples 2,4 to
Meanwhile,inacasewherethefirstvalvebodywas

SUS, the amorphous carbon layer did not wear, and w
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of the SUS were produced (Comparative Example 1).
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[0026]

[Table 1]
First Valve Body Secopd Valve Body Evaluation
Base Material Hardness Base Material Cogting Layer Shaved Lubrican Specific

[GPa] Material Hardness Ratio N/(N+S) t Layer Wear
[GPa] (1D *10 " mriyN -m
G)

Example 1 Alumina-based 31 | Alumina-based DLC 20 11 0.31 | Second o 0.8
Sintered Body Sintered Body Valve Body

Example 2 Alumina-based 31 | Alumina-based DLC 29 13 0.26 | Second o 1.6
Sintered Body Sintered Body Valve Body

Example 3 Alumina-based 31 | Alumina-based DLC 16 1.4 0.27 | Second o 0.8
Sintered Body Sintered Body Valve Body

Example 4 Alumina-based 31 | Alumina-based DLC 25 13 0.23 | Second o 1.0
Sintered Body Sintered Body Valve Body

Example 5 Alumina-based 31 | Alumina-based DLC 14 13 0.28 | Second o 0.6
Sintered Body Sintered Body Valve Body

Example 6 Alumina-based 31 Alumina-based DLC 19 1.3 0.28 | Second o 1.5
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Sintered Body Sintered Body Valve Body

comparative SuUS - | Alumina-based DLC 14 1.3 0.28 | First 0.0

example 1 Sintered Body Valve Body

comparative Alumina-based 31 | Alumina-based DLC 16 1.9 0.33 | Second 2.2

example 2 Sintered Body Sintered Body Valve Body

comparative Alumina-based 31 | Alumina-based DLC 41 0.5 0.46 | First 2.8

example 3 Sintered Body Sintered Body Valve Body

Example 7 Alumina-based 31 | Alumina-based DLC 9 1.6 0.48 | Second 0.8
Sintered Body Sintered Body Valve Body

Example 8 Alumina-based 31 | Alumina-based DLC 13 11 0.32 | Second 0.6
Sintered Body Sintered Body Valve Body

Example 9 Alumina-based 31 | Alumina-based DLC 11 1.8 0.60 | Second 1.2
Sintered Body Sintered Body Valve Body

Example 10 Alumina-based 31 | Alumina-based DLC 25 1.0 0.24 | Second 1.8
Sintered Body Sintered Body Valve Body

comparative Alumina-based 31 | Alumina-based DLC 8 2.2 0.62 | Second 1.3

example 4 Sintered Body Sintered Body Valve Body

comparative  Alumina-based 31 Alumina-based L C 8 2.3 0.58 | Second 1.3
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example 5 Sintered Body Sintefed Body Valve Body
comparative Alumina-based 31 | Alumina-based DLC 7 2.9 0.59 | Second 2.0
example 6 Sintered Body Sintered Body Valve Body
comparative Alumina-based 31 | Alumina-based DLC 34 15 0.30 | First 25
example 7 Sintered Body Sintered Body Valve Body
comparative Alumina-based 31 | Alumina-based DLC 35 1.0 0.74 | First 14
example 8 Sintered Body Sintered Body Valve Body
comparative Alumina-based 31 | Alumina-based DLC 7 2.9 0.59 | Second 2.7
example 9 Sintered Body Sintered Body Valve Body
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[Claims]
[Claim 1]
A faucet valve comprising:
afirstvalve body including afirst slide surface
formed from an alumina-based sintered body; and
asecondvalvebodyincludingasecondslidesurfa
formedfromanalumina-basedsinteredbody,thefir
slide surfaces at least partially being in contact
other with water in between, wherein
atleastpartofthe secondslide surfaceisforme
a first amorphous carbon layer,
hardnessofthefirstamorphouscarbonlayeriseq
or less than that of the alumina-based sintered bod
the first valve body, and
inthe firstamorphous carbon layer, aratio (ID/I
aDpeaktoaGpeak,measuredbyRamanspectroscop
than 0.5 butless than 1.9, or greater than 1.0 but

1.5, or 1.1 or greater but 1.4 or less.

[Claim 2]
The faucet valve according to claim 1, wherein
N/(N+S)measuredby Ramanspectroscopyislesstha

or 0.31 or less.

[Claim 3]
The faucet valve according to claim 1 or 2, wherei

the N/(N+S) is 0.23 or greater.

[Claim 4]

23

,and
ce,and
standsecond
with each

dfrom

ualto

y forming
G) of

y,isgreater

less than

n0.33



10

15

20

25

30

The faucet valve according to claims 1 to 3, where in
the hardness of the first amorphous carbon layer i s 30

GPa or less or 25 GPa or less.

[Claim 5]
The faucet valve according to claims 1 to 4, where in
surfaceroughnessofthefirstamorphouscarbonla yeris

less than 0.3 um, or less than 0.2 um,or0.1 um orless.

[Claim 6]
The faucet valve according to claims 1 to 5, where in
the first amorphous carbon layer further contains at
leastoneelementselectedfromthegroupconsistin gofSi,Cl,

F, N and O as a third element.

[Claim 7]
The faucet valve according to claims 1 to 6, where in
a second amorphous carbon layer is provided to at least

part of the first slide surface.

[Claim 8]
The faucet valve according to claim 7, wherein
thehardnessofthefirstamorphouscarbonlayeri sequal

to the hardness of the second amorphous carbon laye r.

[Claim 9]

The faucet valve according to claim 7, wherein

the hardness of the first amorphous carbon layer i S
different from the hardness of the second amorphous carbon

layer.
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[Claim 10]
The faucet valve according to claims 7 to 9, where
the second amorphous carbon layer further contains
leastoneelementselectedfromthegroupconsistin

F, N and O as a third element.

[Claim 11]
The faucet valve according to claims 7 to 10, furt
comprising a first intermediate layer between the s

amorphous carbon layer and the first valve body.

[Claim 12]
The faucet valve according to claim 11, further
comprisingafirstcompositelayerorafirstincli
between the second amorphous carbon layer and the f
intermediate layer, wherein
thefirstcompositelayerisalayercontainingam
carbon and the same intermediate layer material as
contained in the first intermediate layer, and
the first inclination layer is a layer containing
amorphous carbon and the same intermediate layer ma
thatcontainedinthefirstintermediatelayer,whe
of the intermediate layer material decreases from t

intermediate layer toward the second amorphous carb

[Claim 13]
The faucet valve according to claims 1 to 12, furt
comprising a second intermediate layer between the

amorphous carbon layer and the second valve body.
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[Claim 14]

The faucet valve according to claim 13, further

comprising a second composite layer or a second inc
layer between the firstamorphous carbon layer and

intermediate layer, wherein

the second composite layer is a layer that contain

amorphous carbon and the same intermediate layer ma
that contained in the second intermediate layer, an

the second inclination layer is a layer that conta
amorphous carbon and the same intermediate layer ma
thatcontainedinthesecondintermediatelayer,wh
of the intermediate layer material decreases from t

intermediate layer toward the first amorphous carbo

[Claim 15]

The faucet valve according to claims 11 to 14, whe
thefirstintermediatelayerscontainatleastone
layermaterialselectedfromthegroupconsistingo

Si and Al

[Claim 16]
Thefaucetvalveaccordingtoclaims1to15,wher
hardness of the first amorphous carbon layer is gre

8 GPa.
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