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(22) ZLLA(EA) 2011910€05Y (72) W =}
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(56) A7l AHEH
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A Ard 05 28 @ Al o gEdy
(54) wwe] 94 Uviry 39, 4 € Wy
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E F(disclosure)= FZEol T3k Aolt}, wu} AAEA, A7
=3 714 (substrate)ol]l &&= Wvl=A (vear resistant) FE o ?}5‘} ZiO]DP.

EgmgA @ (trimethylsilane) 22 A gld #oloj2 o sl Ynfna =g,

Blarticle)d] Holx @ Ewlo] H85t Eeliuddon Aed dolold Tt wrhny 3P 2
A% BHow st drhny B 9

Ny

S AlF; 9 600C olste] =0l Ay 7[Ael mWHo UwrA ZE-S AHg; 3ZF8Al(trifunctional)?)
A& (organosilane) &4 dtoll A7) 71A& 7tdgd oz A7) 7149 Holx 3 THS A8 (treating)stE
& 5402 3 UrtRyg B =" Wy #sk Flelt),

#Z E-%1

2 Ho N

£
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AE 112
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vy, sAE Yol 16823,
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Egugda @ (trimethylsilane) &2 ¥ #olojS ¥3H3l= UntRA ZHo] 9ojA, Ar] :mEo] t}
o

= -
= ¥3st= 348F52H(chemical vapor deposition)®ol 9ld] FAEHE AL EFow = Urira =49:
o} 8+ 2F AW (chamber) Wlol 71& (substrate) & FHISHE WA,
71 Fskea A o] fuaAs dAoR B3t 9l
71 718 9ol 7] wslE dvig Ao RS FEee 9 2

gg el EA steld Y] 71de stdgemA Y] 71de] AHolm g ¥WE A (treating) =

A7 2

A1l oA,

A7) dolole Ea¥ tudd @ (dinethylsilane) ] TAARES E3sl= AL EFOR & UrlRA 3H
A7 3

A1kl glojA,

A7) doloje Bajd vrgdde AstE FANES Tdes AL EHoR & UrirA =Y

AT 4
A3gkel oA,

47] deolol ald dulg Al 758 (functionalized)® TS X8 AS 5AHOE ot Ut

d 5

&Y
ot

AT% 5
A1gel oA,

7] delel A, Ma R wiol FYH AFAL FE s

il
p
rr
o)
tlo
[
o
o
fru
_O‘L
rir
=
=)
ot
o,
R
ot

37 6
2HA]
A7 7

A1l ghefA,

ke
el
ol
rir
po)
tlo
i
oX
o
fu
ol
rir

A7) dHeo g2 BEald A4S AFshA(oxidation reagent)® AFslslE S O
S| €]
[e]



BT 8

A7& AolA,

AL 7] AFSLA| = 2 )= EEE =
37] AskAle 71 (air) S E286kE A SAH0R §he UnteA =Y.

BTE9

Agell ol

Al7] )= a3 :
471 &7 AR F71(zero air)Q] AS 5 OR & UntEA =Y

273 10
A7l oA,

A7) A= A

i
2]
Ql_g
_O‘L
rir
=,
o
i
oX
|o
ot
_O‘L
rir
=
o
=
td
oX,
ky
o,

A8 11

A7 AolA,

AT 12
A7 AolA,

371 AdsAE w719 =

tio
2]
ot
ol
rir
Py
tlo
At
oX,
lo
fr
ol
rir
=
=)
ol
oX
2
o,

37%F 13

AN1Eel lel A,

a1 Elo -5 3 -5 K
7] FE2 13X10° mm /Nm WA 0.5%10 mm;/NmQ] ul& A& (wear resistance)

A3 14

A1l $lolA,

F7] 282 0.58 WA 0.05¢] vEATE Zte AL 5H SR ge vl

373 15
A

3T 16

KN
=

zt
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A rtRg el =3 (article) o] Aol F

o,
Bl
2
2
2
oo
i)
2
30,
rlr
sl
tlo
|
oX,
o
fr
Q‘L
rir
=
=)
Sl
oX
il
m

AT 17

A6l SholA,

td

o,

7] WrlRAd B F AHA BRI Y4E54 HZF(reciprocation contact)dhs RS 502 = v}

al

.

M oy

3T 18

A7l Lol A,

A7) YulRA BAL HAE S S(piston head) X 3 2<E A& (piston cylinder)d AL EAo=z 3=
et 23,
AT7% 19

A6l SholA,

p

A2 (fluid passageway)E °©lF& FAHZFH({luid contacting surface)S

\= KeX

S E T
A, A7) JetrA mEe A7 FAEEZA(fluid contacting surface)d] Z{HE AL EHoE 3= Untr
]
o

373 20

AN16F oA,

o
)
=
d
=
fd
o
il
S
rlo
)
oK

7l*(drilling tools)?l AL EAHOR = WrlaA &7,

A3 21

A16&ol] A,

A7 v 39S guddddte] 44 BEE S8 sEtsze 98 d45E AS SR e UniEAg
=7.
A3 22

A213el 3ho1A,

7 el gvld A AR EuEAd Al oA AstE = RS SR s uivkRA 23,

A3 23
A 228 ol oA,

A7) FelE gue Aty 42 758 (functionalized)

)

AQEe BHoR B vy B3,



SE50] 10-1512579

BT 24

A16&] oA,

i
o

A7 YebRA 89S 100 nm WA 10,000 nm FAESE 2= AS EFJ o &= YntrRA

o

(

o
=3
td
24
o=
tlo
N
rir
Py
tlo
A
oX
o
ot
ol
rir
=
o
=3
ol
o

A7) Wb 28e 13%10° mn'/Nn 2] 0.5%10  mm /Nme]

373 26

A16&] AoA,

o

7] HoR s ke

_I1m

rkRgd 292 0.58 WA 0.059] whEAIG(coefficient of friction)E ZE A&
A

h=
=41,

oX,

A8 27
A6l oiA,

471 dnkRA 282 2] ol e AEHE AS 5w s vk 4.

A3 28
A6l oiA,

471 Wvtey 28 &

™

o] AAE B HEH= A

o
A
oN,
o
fr
ol
rir
=
=3
td
ox
il
Ry

A3 29

A6l SlolA,

A7) UulRAd Z"o]l A8xHe= A7) B39 i a5 (metal), M (ceramic), Fr2l(glass) 2 o]l&9 =
FOoF o]Foy woRHE MAud ARE FAHHE AL EHOE e dviEd =4,
A7 30

A6l SlolA,

A7) Yebea 58S 100 nm WA 10,000 o Bl T, 13%10° mm/Nm WA 0.5X10 ° mn'/Nn o] whm
0.

A7 = 0.58 WA 0.059] vpEAFE 7= A SHoE = WekRA =31

7% 31

244
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[0001] Lo Aotk wrh Ak, &7 s/ dHd

Y H3t
(substrate)ol] A& += Wul= A (wear resistant) F&ol #3F Ao

! 2 (dimethylsilane)9] &3& E3 714

il

o

[0002] B o29e 20109 109 5¥o EY®E uFESF No. 61/389,777¢F 2011¢d 7¥ 1Y 9¥ wFESF



[0003]
[0004]

[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

61/507,650°] thate] M A (priority)@ ©]2)(benefit)S F43tt}.

%, 7149 FH(surfaces) HFHA 3 455X (performance characteristic)S ¥ 33skA] &
w54 TS sk AS Ad(failure)dts AL 5437 (certain environment)ol A FHE
(surface degradation), 534 ZQ(certain performance requirement)S 5T 4 gAY e olE

e AFE o1 ¢ dn. dE B0, 54 AdA S5 (matallic), 8 2 A EWES niEd
9z 3}sF& 2 (chemical adsorption), Zwj&Ad(catalytic activity), 2(corrosive attack), A}
(oxidation), ¥-AFE %7 (byproduct accumulation) B3 AXmpz(stiction) B/HEE TFE vl zslx] e

e
¥HE 5 (surface activities)d &2 v} vl 314 ¢+ EHZ 5 (surface activities)S o7& 4= U},

vt aA] e BEETS e LA Hmolecules)®] 3}3HEZ(chemisorptions), The #Ake] 71 2 H]7}
E 252 (physisorption), Ut& ®AF9} ZFudtS-(catalytic reactivity), ©]&Z(foreign species)?] &

(attack), ¥WHe A&l (molecular breakdown), 718e] &2]%4 &2 (physical loss) E& o592 =34

AN 9t

v 54 Ae54E ATsrl 98, d8F FAaskE(silicon hydride) EWHY EX3} ghslyi Ak

(reagents)< =% Zuf(metal catalyst)e] &4 3ol A W= 4= o}k, A7) FAH(processes)< HZH A=

Qo A7) Fule gHe AA= FF o€ AV FHY EAle vEAEA g2 2Ugss AEY

(reintroduce)@ 4+ A& ZF (drawbacks)S AU v}, FAIFH( morphous) A2 Z7]9k(silicon-based) 2] 3}
8}7]7¢5 2 (chemical vapor deposition) AMHEELS 1"%5]*394 ¥ pH "iA(media)el €3 AE(dissolution)el
Wzket7] wiitol olelgh 3 oA ] A8 AT

A SR g2 RHBFORNEH 1719 WEsy] 3 xWd RS H8d F Ak @A 19 fd =
9 Fae dEd e S E (e, durd e R et dEdvholth. dRky o R 8yt Ae
Y& P&y A% wlE A48 A7 B¢k EAH(controlled) Wi7]9 2% 2o FTrIREE S ud A8
(solid material)E FFAIZY.  gr)dFEe wg  AAH"H EAES edsiyl fEl 7153
(functionalization) (¥ §FE) tha YA (primary treatment)E X3 4 Art

aey, S ES RS HelgtE dnkRow | AuFE, whA 9 FAE X #AES AP 53
71’353 AFEARZ AMEerlel niEAskA goiar aEEel gAY F7b Eek=vk(plasma) ® AR T A
(microwave field)¥} & Z2Z ou%|(depositional energies) &4 3lollA vt 3874

G4 (thermal) 33713352 7|as S8l o|xd A=A &

)

ok olygl, :¥o] HEH AL AFY(operational life)ol FIFS F+= FHnfRE Fated &= s
4 B IHLS TES uE AP E AFTEA Ee ZAEA e B Bgety] Wi 84 1Y
o] gtgt# W EyAor &AHE S B s FAdE " vtk A (aggressive) A 4
849 AE(working) el de At B 7k AFGAA AMREHE A7) (drilling tool)olth, A7) B4 w2
F3F(high loads), A&EAQ] HL 2EAA & &£xo npzs At & g2 de 7 1 AtoloA Y&
%2 (reciprocating) WlRol =Z¥E FAAA R, A7) Q¢ (factors)S FAARES FTWwrE Hursk 5
At

a8 o]f2, o529 AR (some) T ol59 AR(all) 2y LA Al~" (known system)¥} #HE oS

59 9%
HA(drawback) & S5 & JEF A vy ZHE MAste AL vt i),



[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

R
w oaee) vetde ANels EulE Ak rinethylsilane) 02 A2)E #lolo](layer) & EFEHE VuhwA

IY I BAo] A},

2 ogyo] o2 ulabA s AA o Egyaado s Ao foloE xdeE ¥uS 2= EZ(article)
7} #Ao] QUrt.

B ody o] & ulEzlg AAld= 3784 (trifunctional) 7] & (organosilane) & & @] (treating)
< B UinRAY Z9E A83tE iy #-do] gtk

AR AAdeA, A7l WeltRd ZEL 3817352 (chemical vapor deposition method)ell <3| 2
(deposited) ¥ t}.

57 A Aol A, o 3284 (trifunctional) 71 & (organosilane)&
2w &2 2 (trimethylsilane)o]t}.

AE HAAldol A, 7] dntrd ZEE 3384 f71AH AP dske] Atsh(oxidized) R/EE 7]FE
(functionalized)®t}.

fulrres

2 oty o] AAlde] AL ojdel ALgT & gle HYE, ¥4 2 AU XFE EAES 7] (substrate)
T HEAA F Utk Holth

= %“394 AAjee] & o2 S guddete] (bl 93] ZEHE 71E e EuEids == & 338
A frIdRes 7ES AT A, AYIHA g A3t 2/ vsstdE Z" e uvs BEEA
(inertness), 2] A4 (corrosion resistance), %54 (hydrophobicity), pH # &4 (pH resistance), "%

A3 (wear resistance) @ ZE(hardness) & 3tu o]/t lojA S AlFd = Adrk= Holrt.

T e AHe A7) AZlE AREste] Z'e] wbA A ulZ(anti-stiction) 3 WHEZ(anti-coking) Aol =4
2 e doltk

2 odge] AAjee] b2 A A" R AYgdE e Uvirgd =290 @dE & due Aotk
g o] AAde] w oE HWo] ofr]d FUiETh. e A (features) B EA9 AR ofg} A7
Aud 5L oty B 2 A Aoz RE Fedxte] osiA A (appreciated) ©o|dE Aolth
EHo Zider 49

= 18 2 ddo] wE 714 Qo 7R AT (carbosilane) ZE ] vlEA S AN S HoFET)

T 2¢ £ @y w2 7]E fd doldE zte JRAT Il nighe AAldE s oA AA FFY
32 (Auger Electron Spectroscopy plot)E HoFEt).

T3 B g wE 7148 9o 71%%3td (functionalized) 7HEAH FH ] ulga g AAdE HojFE)
T o4E B oam o] ulghzls Ao wE 3}8}7] 452 (chemical vapor deposition method)S Koj&tT},
T 5E 2 oo wE 3ter)adsay ol ubebz ek @ (treatment) HPH-S HolFT,

T 62 £ Uo] mE 38| A H A vlgkA gk -3l (decomposition) & HoET).

2 38752 ol A vkl g 7] 8 (functionalized) ©HAIE R AT},
£ gl S a oA nigkz e & 4Fsl(oxidation) A S HoJFET),

T 9= B dygo] AAdo] wE s AEE 9 7153 (functionalization) W WA E k3t F

o



[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

<

= 108 Z, ZlsstE s deEdd wus S, lest 2 o= AstE gvddd 9o FT-IR 28 =

=1 @ gl wE 71d 9ol & 4ks | glololE zbe mY ] wigAd AAdE A% o7 dA AW

(Auger Electron Spectroscopy) 1 ZE Ko FT),

E 128 2 oge) wigA@ AAde] me He s e nez,

olN

I

T 13 B dwe] wpakEe AAde] w2 Fr] 4bslE(air oxidized) AE9 A (treating) FTHE
HojErt,

B 2 ool me 714 fo ;o) ugAs QAo oA A% Bgy 2UEE welF

= 15 WA 195 A7) = 120] A A2lE A E(treated material)E 913 U3 B ADE B},
i%}o] XJ,Q_E LHU}_ /\é 3T

& EUS Zhe I2ES BAFa, A7) UntEAd 39S o2 39W $odA w34
o] ¥ $-&(application)S A93ic},

£ 212 Z"o] 8" Wrtyd FWE Edele do|ZE wolFa, FARE(fluid motion)dl =EHE v
FH B &8 AEdt

ATEHE A **537]%«1 94S A &= ZH, Z¥HE B4 2 3y Wyolt. 4F B9, Z¥, E4 4
ol AAldE AEE, da 9 FA7F T3EE BAES 288 £ . A AA A, AV WEe F71
Zol F4 Zvi(metal catalyst) f1o], 378 AF(residual) v &% Qlo](devoid) 28la o|&9 %3
02 AgE & k. A AAdel A, A WS gadt BEga] ) kst Ko A A "/ thE akekE gk A
g ra glol Axrt Srreth. £ iyl wE v d4¥ Z¥2 75 (functionality), BE4

WA %]

(inertness), A-&A(tailorability), i—’Fé(hydrophobwﬁy) B2 &4 (anti-corrosive) @/ b
vl #(anti-stiction) &ZH(behavior), X, =

O
N
2%
o
E
o
g
3
on
<

ol
&
32,
v

A7) myge dwrdon e whEaA] o

71453 o8] dalErt. a3 ARREE 600CE HA &= CVD o]9]e] §&(application)®] WHE &
Y 7} appreciated) 2 o]t}

T oE ARl wet, A7 282 Efugdgiel o3 AgEe 3lo] vk, 4 AAdelA] A7l 2"
< AsEa a3 o Efjugddte] o AgEHE Aol wigAsith. EHdATe] A (treatment) A
A & (untreated) At (oxidized) L/EE= 7153 (functionalized) ZEo| B3] B4, B2 A3A, &
4, pH A, v AP @ FE A o5 X IS AT FUHHOE EE UijMH R, AT
9 A vhE (anti-stiction) % WHHA(anti-coking) 58S 98] A&}

E A gugdddnng ve 74 52 T (availablility) S 7HOE
5117145 2S el 24 (undesirable)shrhaL 4R welA g}, AdubA oz

s

A , EivE Ao Al8S &
F(target) 7129 ofF(metallurgy)oll 440 F&FS v = A& L& 28 2525 g3l F448 &
A (properties)S Fdttta Wojd g3 EvEddere FHAATLS AFAY =Y TSR ZN AEL] A

S # (capability)ol 93& Fobar Loz gk,

T 15 b, A Aol mE 7]18(100)2 714(100), AP (101), =31(103) B o]E] el o
3 vhgAe ¥¥W a%E Fe(impart) AT £ QA FFEE dolof(102)0] o8 g EW 5o A
H #2W05)S EITE 7] 7H (101 AsH(AE 501, 7A@ (carboxysilane) & FAdst7] 3 7]
2bsh(air-oxidation) /%= 758 (dE 5o, 7IsdE R A (carboxysilane) & #4317 9% stol=
2T (hydrosilane)) th&2] 33171452 (dE S, JtH A& (carbosilane) S FAdst7] ¢t tiddde])
o oz Fdert.

A et £ Ze] A (imparting)S 714(100)9 EW(105)0 o]o1(102)2] F4k(diffusion) B/EE =
H1onez EW(105)9 A5e MAE 4 sk, 7] #elef(102)& oue Hde 71 de Hgo| 7}53let.
a2 Eo] 714(100)& F%(metallic) 712 (H (ferrous) Ex Bl H(non-ferrous)), & 714 T& Agy 7]

_10_



[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

SE50l 10-1512579

do) | F lnh,

vpkA gk AAjdeA], 37 dolof(102) & tivEd el dA(thermal) 3 ZHE FAdEr. oddse] 4
Ao Z(thermally) #3lol <&, 7] dolol(102)= AT (active site)7} & F A= ALE, &@x, 4
HAE T3 HAES 2@ @olo](102) e 7] #AES A HA FE(104)(first portion)d
WA H-3(106) (second portion)S Egdtch, dubxo=z v 3 HAl F2(102)7 A7) F HA F8(106)

A es FeE F glg(dE 50f, A7 A WA FE104)3 A7) 7 oHA F2(106) 7] #le]o](102)

r—lm

slo) F2u = BRI o) Aol W 47] BAEE 47) delol(102) AAe] MAHLh). Wik ohe}, 7]
“H WA sk 37 AT ke wol(terns)®] AHS-E #4 (sequentiality), ] Aol Z7)9] Aol mi

r-{m {Er

By Aole] ge Aol(distinctionE AldEE olmE ohir. Wz, v ‘R WA o 4]
o BATY TES 99 ALLRYG. dE o], A AN, 47 A WA
47 F A BE106)S BAE EFgAT. o AxddA 47 A WA FE10

43 F71 F A FE(106)> 7] wele(102)o] A FAA =2 A FHf (bound) ATt

<>¥0 lo,
P> A
S I

=
(e}
=
rir
i
Ach
ru
tlo

=

)
_O‘L

m\

T 2% wEAS AAddd wE A7) 71E100)e 47l delel(102) H/me 7] 2B (1019 E1kH(diffusio
n<S HoFes =dold, v AEE gde| Hed yvdaere 3843 (chemical resistance)?] &, E
A (inertness)] A % FAE X ¢F=(non-diffusion) ¥ % (adhesion)?] TS of7|dit). ©AE
R A7 A WA 52 (104)

I AeES Z33 A7) F oAA FE(106)S EE ] #@olol(102)+ = 2
Ratstti(corresponds). £3], & 28 A7) #0]0](102)9] A A} EFH(Auger Electron Spectroscopy)

“J(measurements)ol 93] A7) 7]2(100) F/XEE= 47 871(103)0] x3tE d7] #olof(102)9 448

A Ao, grEadere 1547 FoF @& 0 Z(thermally) ¥8] 2 432 71w A& (carbosilane) o ZA
It} A AAjdoa, A7) Eﬂ 191(102) & 9F 130 Y=vE (nanometers) & &4 = 0(Ak2) o] 5%

9(108)(diffusion region)d UH-5 ELF3I(dE 5o Hojx o
(102) 9] ‘ﬂé-ﬂ% °F 0.1 wo] A=W E WA oF 3.0 wlo]AZEME Ale]7} E 4
500 Y=wE Alo]7t & = k. A AAdA 7] Ak
W AX (surface roughness)ol 2l A (offset)E 5
4> 7 appreciated) & Zo|th. #juR, FAitgds

oox fo 18 X o
XD
o
eI

_izﬂ o J 09. 30 N, oy

3= dH3 SHAL olyxwk A7) FA(process)oll wWE &4F W # YZ (mechanism)

ofFoh. A7) #ele](102)] AR oF 1:0.95:0.12 H]&9] C:Si:0 ot} R o2, 7] 387)d=
Anlol H7iElo] e guedge] RS oF 2:1 v]&9 C:Si olth. CHx (x=0-3) F7](moieties)ES X
3ol Si-Co ¥A3 i (amorphous array)S XEF3I= 7] #lolof(102)E WERH what S1—C A AT
3 WolHnk. A A48 wjde dE Eo], A 712(100) Yol AF(tensile) HE = (compressive
forces)oll w 7.

g} 7 (cracking) T Zd o) (flaking) ) A e 712 AAS A 3&‘3} A A
oA, A7l #FE(101) T B3 (similar) ZHQ o8] #lo]o](multiple layers)® F72(thicker) #@lo]o]
g 54& flal 3

T 32 7)%53E golol(110) 5 zZte wgd s AAdES B, A7) 71%58d doloj(110) B ¥} el
Z~(hydrocarbons) ¢} A Au]& 4431 (silicon hydride) ZH7](moieties)d] ¥4 O Z(thermally) WHgo 2]
3l FAFAL(AE 5], HC=CH-R H/EE= HC=C-R) EE FE A7) #ojol(102)9] 3 WAl F&(104)] %A

TE dRE AZFd R-7|(group) S T R-7|E s} EE 2 oAt B3 B3lesE TdEs on
o Age F7] A% (organic reagent) S ZFE FPH & Utk R-7|E ©3FL, AFE G@IFL(dE B,
2708} (halogenated)), 7FE2XR d(carbonyls), 7FH54(carboxyls), olZ=ElZ(esters), e Z(ethers), ©°}
Y (amines), olvlo]l=(amides), % ¥EAH(sulfonic acids), #7154 ZE(organometallic complexes) H/HEi=
o ZA| = (epoxides) ZHEH FA=E 5 ot

T 4% 7149 FR(aA 202)3 A @] dFH oz (thermally) w3l (EA 204)E 335t A 7] @
0]01(102)E 1% wkA g 371352 (2000 Boeth, F0lE 712 (HA 202)2 oju g Agsk A2
o3 FdE 4 Ak, odE B, = 55 FxstW, 71F9 Ful(HA 202)E sH8r1EE AW (SHI A 208)
el 7129 A (isolating), 7122 G GEIEA 210), B84 7hzol 23 Al AAGHISA 212) 2
A o] A A (evacuating) (BHIEAl 214)E 3+ 4= ).

7149 Al (isolating) (BFITA 208)= AW e A H97](atmosphere) ol =3ldc}. 7lxo 38
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[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

/5E A U9 AFe §A+ A% (controlled) #H7IE AFE & vt EY

(FATA 210) 22 HEH ES A7t F2 29 EZE AAS] fdstel ¥ v 25 x4
g 5o, A7 A% 7] ;92 SIS E Ao el o] vt 558 9% 4
connections)¥t A 7G-S A Anjel x3kE S Qlvk. V] AR tee] ks S (steans) S E
AAB7] 18 FEE v FA 9 ET(outlet) & XFE F vk, IFL st e
gl 7 FHO dAsE Blo] nEAs ),

JZ(cleanliness)dll w&, 7] 7142 4 o}

oA oF 100TC2] 2=oA 4d(heat)ol 2 2, 7149 Ar] 2w 7]14(100)9
Agth, A AAldeA, 47] 717 2k 0 , &7] 7142 oF 450
oF Ztd k. JAFA FH §F, EFAY Jha d Zﬂﬂ(evacuated)(ﬁ}%%ﬁ] 214)& FaA A7
et oz A h(flushed) (BFIEAl 212).

m.

A
1o,
Mo
=2
2
=
ol
>,
=~
i
do
2
N
=
off
o
o
2
—
=
A
—~
o
=
=]
o
@
ko]
=
@
=
¢}
o
=

oA =

2 ox 1o m¥
M > 2 S

Y e o ot

N

N

off

(&

jat)

(200)2 grg A& (SA 204)9 D2 o2 (thermally)

demand) wWiZoll HA FAAA FEr). fHddee & 3z A,

71’352 v AetA] edvhal 1hEEo] gk g A, we Ay} AR (analogue)? A @I K

(monomethyl)2 & U} <184 (pyrophoric)eo]l UL 7] FolA F2EE 4 o, guEddd, vjE 714

(flammable)o] Ak <¢13}4 (pyrophoric)S ofUth. a#jm g fugdaee] AFgS obd ¢33 (safety risks)S

ZaAd ok, B ol tddadde] AMES IH e E&/d(inertness) R/EvE 38 AFPAH S o7t
5l

o
AEE R

2l
o

?l_
3 A e(silane) BT}t HIR7] wiitol] s}

ko

o>'

Aol HzxwA 31, vl 3

ERI 2 <
W U= gugadde) } oMDHﬂ 216) 2 ¥ 33T}, liL 61 6,444 326°ﬂ AFH o] %ol 7] W53
nE Y st ¥3 = A x >

ia Alole] ¥ EFeT. 7] 2%+ oF 200C A oF 600C Akel7F & &

¥, o A 1 ]Oﬂf‘i ol 7]1“’ oF 30+ WAl oF 24A1%F <t oF 1.0 psia WA ¢F 100 psia /\}01"1 2t
2 9 ok 300 WA oF 600CoA TiwdA e 7hxof mFHch w2 s AAjdeoA, A7) 714 (100)2> <F 15
AlZE Fok & 400TC WAl &F 500C Apole] 2XolA twdA e 7lxe] wFHlTh, 7] gudas 7pae] 9

< ©F 5 psia WA oF 40 psia Ao]l A o] wizsitt.

A7) gued @S I o 2 (thermally) EalEo] H, C, Si 2 o]¢ %3S T B2 ZZ(molecular
fragments)o] i1, 7] G4 7] 714(100) flol S2H(EHIGA 217)5 7] widel, tdeAdde] 73
o Azl AYE, v 2 £=A4AE ¥dete Aue 34 A ' 100) (FYEA 218)8 FATH gHgd
& Jtae o dE Ee BE o4E Fd4Adiluent) ZA A4, AF Z/EE ol2dy e BEIA shas)
A Wk vl H7lET. o] 2d < (bound) 3t E A 0}\44‘4 te g AH 0 Z(thermally) 3
Hol 714 xdd AAY 2 AZEAI7] AT FFEAH(carbosilyl) X7 (fragments)s AT Loldnh
9 A= Ao W =% zZ

A = =5

He AT ofyel, 71d 3W 9ol ga, deE % £aE e 7YY v
B2 (carbosilanes) S XEEH31 FHE = Ase g oA HdA 7% 4
profile)(&® 2, At 108)°ﬂ BERO] A7 71410009 7] EH(105) floll Satent. W}F/Pﬂ, el
714(100)°l H#(adhesion) EE (mode)E A|FFTh A7 e fugdst 2 I, F
A" Z7bo]l A A (purged) ATHEFAGA 220). " F=AE F2 #olojrt arEW, F& 20 ¥gth oA
=Xk, &Y, AR e o] X3 WERRE @49, o9 S(nultiple |

o A& 4 QUrt.

Holo](102) (& 1 F 20 AWEse] & d2)7F FAHAMRE, F7HAQ1D GAZE . A ArjdolA, 4
7] #e]ef(102)+= 7153 #e]ol(110)E A3 —?’]f“} = 7o) Aol = HE ol 7153 functionalized
next) HTH & HAolA, F7] ol (102)(dE 5o, FA4E 7tRAIHE A5 Aste @ o]o(802)(dE
501, FA4Y 7HEAATHE FAF7] A = 88 Fxete] AAE] AEE tiZ s (Al 205)E . d AA
def A, = 9d AHEo] e =, =3 A 7TE-the-2kgt #@le]of(functionalized-then-oxidized

,d
o
o
mi =
g,
2
=
)
™
>
N
JH
X
=
D
o}
ot
=

rlo
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[0043]

[0044]

[0045]

[0046]

[0047]

SE50l 10-1512579

layer)(804) (el & E°l, 7Ie3td F4F 7HEAdeE)E J4387] fste] 7wste #olo(110) (& 5o, 7]

Sae P49 T PHcarbosilane)) = ASHHEL, 2 AAGlol A, A5tk e dlelo] (A5 B8
A7) Slste] A7) sk dlolol(802)k Y8k Hrk. L el AgR, A7) s elo]” Hi @
o dwrsowm 7] Ag ASE deloj(802), B7] %5 E-the-ah olol(804) % 4] AFE-the-7)%5)

glolo] (EAIH A 5)e] s i 1 o)dS A

g AAde A, 7] BH(200)S & 3% %}

°](110)E 371 fiske] 7] 714(100 ] 3z

(100)9] 7] 7Isslg #Holof(102)+= U Hi*‘% =2 (GA 04)3;—‘%131 n% A

hydride) F7](moieties)ol WHg-S oA FaHTt. 7] 7| A (A 204) ol spRAZE FF )

A (reaction chamber)E W ZAAFHE 753 25 AHAAGYEA 232)F F d= wid, A7) A]2H
2 g =

L T
(system)S (3F91ekAl 2209] A A(purging) Zx= B9 AA @A (purge step) F I EFA s
A A (purged) & 4= k. 7] AA(purge)v= 7] FtRAZH 7t 9/E2E 7] 71F qWe FolA| gk mt
& OgHEAd#E A A(removes) Tt A3t g =] AAGEIAWEA 232) T, AV AHE AADTEH

A 234).

I, AW e Ulﬂ AAE 2k grelAM, A Al(binding agent)= 7] AWl H7hAT(SHeId)
236). A AAdelA, FxXH(driving force)oiﬁ 4, A7 AFAE g 2 AEE F5E A7 (silicon
hydride moieties)Z %-BH 7R A (carbosilyl) T} Agsttl, 7] A3A L o= dEd, 239 2 X
3tel B3X3 f7] 2AH(substituted unsaturated organic molecules)olt}. 7] APE FHE9 2 Z‘}ﬂt
d(elE 5ol oF 400C) ofefell Al H=C-R /= HC=C-R¢t 37| vbgdct, R-7]% ©3

3ty a3l a(dE 59, @ZA3H(halogenated)), ZFEHd(carbonyls), 7H524(carboxyls), ol2=HEZ
(esters), olEBlZ(ethers), o} (amines), olfo]=(amides), “&EAH(sulfonic acids), H715% &
(organometalic complexes) Z/IEE o] Z A= (epoxides)ell ¢lsf I AT},

A AAdel A, AgA] EAE(binding agent molecules)< 7] 71 A (EHIGAl 240)o) FSlch, 7] Z®WS R-
719} A era-AE8E FFA T (covalent bond)S XS 4 k. ] R-71E ®WY 5AC] 2 (adjust)
Hol(modified)E F Ao}, dE 9], 47 RV EWA9 454 (hydrophobicity)ol %3 wWald 4= o, A
7] e aFAdel BEe= A2, 7] R-VIE &3 g3 A(fluorinated hydrocarbon)d 4 Ut 37 &
3 Bl eas 2A ZD/EE R4l (oleophobic) EWOl #HAE 4= Qtd. Frl¥ow e ferdow ) A
7] R-71E EFv) e A EAS ATsE 57155 X$7](organometallic substituent)E ¥3g 4= Ut}
o] F&(bound)dtHE AL ofyA|Tt, AEFE £=43E (silicon hydrocarbon) Z7](moieties)s FE ¥
7149 Wy IHEa%d X3 %ﬁr'\/\ﬂ(unsaturated hydrocarbon group)¢} A Fhti3 WS-
(hydrosilylation)& &3l @& o= (thermally) ¥+ wfa Wojxlth. 47| R—7] 2 w4, A 2 F4
217 xstE FRAde %A R- 7](covalently bound R-group)& X3t ¥HE AW U9 EE »=5d 39
s ZHE.

A Arfeel A, WH(200)2 9ol A3 A AAHHE A7) 71-4(100) 7] #lelo](102)E Atst(ehAl 205)
st AE o x2Ferh. #olo(102)= 7] Aksh #Holol($1% Hx)E JAsH] flete] g 24w kst 23
ool A 7] @lo]e(102)l AFA%(oxygen species)S & 4 UE HIF3 3}8FF(chemical spec1es)a ==
stozx AkstEth, o E 5o, AV ggFe &, kA, F7], oMikslE A(nitrous oxide), , ks
(peroxide) 2 o)lg9] 2o FAEHE Ao nigAsit. dnwkygo g kst IH(101)9 ﬁ*(bulk)oﬂ S
S T TS (bulk reaction)olvh. 7] 4bshs AW W] &%, AW o] x=F A, 34 7h2(diluent
gases)«] TH /e 4, 4E U B Ah H2/Ee o8 gk 3 (process) 2110l oA -

F o2/xe
A7) Atsle] 2Ae agER, mHe npi Ay 9/ Akl 4ksle] o 4 =
4, A AAdelA, Y] oo (102)E Bl =EFHU(AdE B, 9 100 WA oF 200 psiagt? <F
450Col A F 2A17F Bk BEFA 7k YeollA]).

1/EE Zo]o] F7b Ei PaE

=

A7) Abste AR 2/EE tRAS 9 VisstE gtRAR-VI s E 3 AR Abstel o) xdd
?—i(ferrous) =4 %W, vl (non-ferrous) 5% BWH H/EE f XW vlR AFAPS FHATY. & AA
ool A, 85 zhxsto], 7] "eoloj(102)F 7] AeAtste #Holoj(802) =4 FHE AT FAY #HoloE

GRa) el s L agel $AY dololh. @ NN, E 0% FEael, 471 saa Aol
(1100 7158k 7158-the-25 dolol (80D 2N ABAdeel F43 EAS F4sb) skl Aste /5
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[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

)

H FrRAdge] 748 golojtt,
A AA A, 7] absh(A]l 205)= oFakst AAWN0) 9 7 FHET. 53], o= 7R IgE A4S
E(vessel) otoll @3 (pure) Nx09 &3 A (oS £ <F 450C) olollA HEHTh, & AAjoofA],

A7 AksH(aA 205)E W -Absk(over-oxidizes)olal 7] @W-aksl= oF 60 ° 9] FH=7ZM(contact angle)<
Zkal, N-H, Si-OH %/XEx 00719 4o S71E ofrlsta, Auldos Hoksh ~aux A3 9L 4k Ay /

uk=)
o,

A AAJ oA, AFsH(HA 205)E 2E(ozone) T Al FHECE, A7) AAdolA, 7] Abst(EAl 205) & PR
AGRE A, 33t A S 1h, 23U AFAESE #a, A= g 2 A Ay / 5 AgAEE ST

A AAdell A, 7] AbsH (A 205)= AsHAl (el Bol, oF 450T 9 XA EA B(Q&A) I 3 FE
471 Aol A, 7] AAsH(EA 205)F °oF 86.6 ° ¢ AE]E dolFH (vafer) ol HFZ, @ wkR(I7

B9 AbshAl ARE3 wlwste]), 2 Si-0-Si7] (& 109 995.2cm710ﬂ*1 Eo] $li=(non-water) 71538} ¥ =9}

HlaLal A, 1026.9cm oA Si-0-Si ¥ Z(peak)®] Al s Aol IEo)E WA AL o @),

T oE AAelA, A7) AE (A 205)= 1S 25 X ASA(AE Eo], oF 450T 9 2XelA) e} 3

A GAETh, A AA A, ks 205)E LW -4tst(over-oxidizes) ¥ C-H7]19] 4 =

A ZA & A AREshE A Hlaslke]), Si-C719] d& A& (dE B, ASAEA = A AEete A

vjaste]) B Si-0H/C-071¢] 4& F7HAE B0, ASARA & £ AH&ste AF vjaste]) ATt

T 02 AAde A, A7) ARSHEA 205)E F7I(SE2R)e}F 3 FHEH(AE o, oF 450T 9 2=oA).

7] Al el A, *Pﬁ}(“%?ﬂ 205)= W2 wpE(AE B, ¥7] H Eo] ASARA AMEE= A vlaste]),

e APYE 7RI Bo), §7) R Bol AsARA ALgEE AT wiuwste]) L Si-0-5i71& @t

g AAdelA, 7] #eolof(102)&= Mg A48¥ HAFA(AE , Hdl(advancing) °F 98.3 )& Zta 7153}
H Folo(110)2 o 2 % %7‘(01]~ E0°}, Fdl(advancing) %k 100 °)S zZte=t. A AAldeA, A7) #el
o] (102)= "g 2AY HE=Z(E o] H(advancing) oF 95.6°) % 71539 thg Abstd #@o]o](804)=
o @de HEZ(AE E0] HA(receding) ¢F 65.9°)& zt=tl. A AA GO A, A7) AREH(EA] 205)= Si-0-

SiZ1E gAsta Si-H7]e &2 #Aagt(dE 5o 7153d dolof(110)2 nluste]).

A AA oA, 7] Akl dlelol= AbslE A g2 #lelo](102) Rt o W& mlEAIS(fraction coefficient)
(g 5o < 0.80)F etk FAEHAl, d AAldelA, 7] Absh gleloj= Abste A gF2 #o]of(102) (o &

S0}, 4.73%10 mn /N/m) BT} T Wr& R S (wear rate)(]2 S0), oF 6.75%x10  mm /N/m)S ZH=

i

T 118 AbstE g B8 AREg v s AAlde] mat A7) 714 (100) (dE Eol, ZHQlE 2% (stainless
steel))oll AFstel #Holole] ks A, 53], = 112 274 HA &3 (Auger Electron Spectroscopy)
of oJ3t A7) 714 (100), 7] Z¥E(101) ¥ 7] E4(103)A 2kstd goloje] FAAES HojFEth, =y
2ol A7) Abgle 9Fghel Si-C R/Te AAEHE 8 (free) ©hF(carbon species) #wt ofygl, Si-0-Si 2
%H(linkages)S WHE7] 93 Aksl 2 AAVF AgH = Si-HA) ol o) AdEn. O AAdelA, A7) 43 g
olo]E= ¢k 1600 LAEE(angstroms)O®  E#I ¢ 250 SAEE(angstroms) A9 (diffusion
region)(108)& X%stal, ©h R AYE9 vE AE AT F Ut A7) AksE dolold ¥+ ¢k 0.1

3. 4 .37 Jﬁ}% goljojo] TS 714 (100) 9ol

wlo]Z 2 v WA oF 3.0 wlo]ARuE Alelrt & 4= gt}

71E el wiol| Z71ek Abae} & <F 1.0:1.22:0.91 (C:Si:0)o]t}.

A7) #olo](102)= w§ thFsk(different) AHstAle] EA4) dtollA AstE 4= vk, A AA|doA, A7) Aks}
A AR F7)(zero air)elth. 2 @A A8, A7 AR IV e dolv HAA d3ga

(hydrocarbons)”} 0.1 ppm ®]%el th7](atmospheric air)E YeERTh., 4 AA o)A, A7) ALskal= 7l A
¢k(gaseous reagent) O Z o] Fo]Xth. 7} Abej(phase)Ql 7} 34 A 2F(processing agents)(d]E Eo] T
gag 9/ms A4) g, 7l Akl Alge tdE A Az 7E2E F(scale-up), ¥ B2 3
(transferable) &7, 2 O% AAHA ¥4 AHE ofr|siy,

a8 g, AdBFEA AAE 2 el AAdeA, guEdde sy dsAS 9 oA FHe 2t
Bk olzh, tddAd@ Z2 A H(material)®= H.C=CH-R ¥+ HC=C-R 332 (formula)d E¥3} &3l449
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[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

SE50l 10-1512579

=]

g A (thermal) Z71352E T3l xW JlesE % Si-H AE ztev. adu JHEAA

(carboxysilane) A&7} A5 AR %2 vl AgAol AZZ(dramatic) FAES A3t Y3+ stnd

(carbosilane) A 8¢ AF3l= &k W2 Al (anti-corrosive) §A4% £ ulgA g &

A& s AATIT I =3 dEA .

oo, & wye] AstAl= o] A f-(instances)olA] WHEHARE ASARA dF ES AE3= F9 o
A3t 5 E(complexities)S YERAY. =3 F2 A (corrosion-resistance)2] Al (specification

) rBL e

=
, &% (inertness)

1 H =

s)S 2AE7] Yste], "3 v (chamber)e] 7] E FAE wl$ =5 5 A kA ¥ (safety hazards)
= 29 F Avh. AHE 2S5 A FYsr] flete], 4Ed WA (cooling)o] AFEETE. dE Eol, o
300C ooz AF(runs)¥= FHE A, A7 Al="(system)S A2 2 oF 100T ©]st=2 PZ-Er}. o
AL A d/x= Az AA(resources)s FHISHE ANE op7|ghrh. g, FH A So7le A3 £
o] (dispensing) = HARJ] E2 QIsA HgstaL Hl-&o] @Wol & & A & 4 AUt}

FAFSHAl, Alfo A F7]9 ALg2 oJudt 3 (situations)ol e B2 5333 5 E(complexities)s

el = 9ok A gAY m9E AR 4% (analytical)ol A ZvtE 23] 2] (chromatographic)
(appllcatlons)oﬂ’ﬂ & & (adsorption) & =T 4 A= -OH 7|5 (functionalities)d] EAE FgH3tt}.
FAE AR = E5 3 (inferior) WA A (anti-corrosive) A& (performance) &2 7 33}=(translating)
3}(low frequency)oﬂfﬂ 22 Ay d2(impedance) #H< 7T, T3, PFAE ARE He B HASD @
o A (hydrophilicity)S 7Hd 4 Q).

o oi olo PH
N

AR, ASA2A F719 AES IHO Am A9 dd(loss)S o7l = A odE B, d
defA, A7l #¥(101)& A4 (analytical)elal I ZvE 783 9] (chromatographic) -o—*‘l(appllcatlonSM]
A &4 (adsorption)E FE 4 9= -0H 7] (functionalities)e] EAZ Es3it}. A AA g, A7)

H(101)2 &5 3 (inferior) W2Al(anti-corrosive) #3%5(performance) 22 7 33}=(translating) 53}
A w2 dF 2 (impedance) g Z7HATEH. A HAAoll A, F7] ZH(101)2 @S HFHZ(contact angle) %

e wE A54s 7RG

_4

3, T 120 BoA|
TR
Yo A A
=%
o

s adrt A

=
u A g, 29101 EE
H 5‘13]3}‘“ AL A= B/Es vkR A &) 3ol gl whd AbskAl= bk

of o] ALEHAAT 7}~ 4bghAl (gaseous oxidizing reagent) AME] FH-L fX|shHA
(ameliorated)® 7] #lste] &-&3r}.

> rle e
i)
z,
T
w
(=]
e
O

N, R
o
ol
ol
e
s}
=
o
iy
ot
il
>
2
2
I
ik
ok
x
rlr

T 122 Fxed, A AAdolA, AY(dES 5SS T3F A (3000 AHEE #olo(806)<% dA s
et 714 %MﬂﬂZWLJHNQU%)ﬂﬂ@ﬂ o, 719 9/xe 51 W7
z3te] ote) o AAB Atk A7) WHE300) & 4 2 A (GA 207) e B )

ok, A AAldel A, A7) A (GA 207 E AE B, A& 4tstE #e]ef(802)9 stsl(wHAl 05) E}"OIE}
o2 AA A, 71%es (A 209)= A (A 207) E‘rgolv} wEbA, o Mloﬂow, 7] AkstEl ol
(805)&A A7) Abste #olol= & 130 AdE A" Ad @o]o(806) (= , Evg Aol AEw
T4 gEAE gelo]) FAS HAste] A (dA 207)F .

T 13 3 4E FxsHd, A7) AgE #elo(806)« tiHEAR 9/ F7]-4ks) #lo]of(805) A FAd€
A7) 7158k #olof(110) Bt o] & mix AFAE ztevh. A7) (30008 9 AAld 2ol A7) A (A
20 & vIE AFAAS FVHAFIC. odE Bol, d AAdeA], 7] AHEw do]o](806)= tHEdey 3
AH]ﬂ%ﬂga%bﬂumiqekmﬂummymMﬁmmerﬂﬁﬁol%%QQ.%ﬂiﬁﬁlﬂﬂﬂ@%)
HA (2 o], &7 A3t 7}31/\]”3} flo]o})& =3tuk-S-(condensation reaction)S X &3z sl (4
£, Si-H(d(silane))”]) WS (A& &0, AeZ (A&t (silanols)) flel -0HZ1(FAH71))ell sl 5=
FETh, A HAA ol A, 7] A= (DA 207)= E‘r% HkS-S 33

mlm 12

RsSi-OH + H-SiR's —> RsSi-0-SiR's + Hy, (R ¥ R' = 7] 2% (organo group))

R'719] W& (modifying) ¥ W3 (varying)E Eal, == F2H7] ¥-&A(hydroxyl reactivity)o] A& o

(il
A



[0066]

[0067]

[0068]

[0069]

[0070]

SE545l 10-1512579

AES Aoz, AEE wolo)(806)e W 5AL 2AHT(adjusted). dE B, U AA A, 47
ZH (adjustments)S AE % vix A, B4, d7|sstd dud=(electrochemical impedance), &7+
2 o]59] TS FUF e AaAFoRA FA, B4 vl od = owmxA] Ak}l Aol ALgstr] 3

A& (applicability) % U7 (durability)s 33 E84 ATE5HS ATdHt. 7] R-7I(R-group) =
et} (hydrocarbons), AFE B354, JF2RY(carbonyls), 7154 (carboxyls), olZ=HEZ, dgH=
ol ofjmfo]l= &HFEA F7]F% & E(organometalic complexes) /W o] Z A= (epoxides)ol] s HA=
F A}, o]Eo & (bound)dtE = A2 ofYAWE, A2 43E(silicon hydrocarbon) F7](moieties)E
99 7142 zd% %"%ﬁeuﬂ E %3} e3}447] (unsaturated hydrocarbon group)9t Sl F=47F43) Wb
(hydrosilylation )—% dH o 2 (thermally) WHSS dhoba Wojxu, A AAjdofa], ¥kg AW Yo 2E
&9 Fd A (101) & FHAZ F(covalently-bound) R-719F ®4, AT LS4 [y
(hydrogen m01et1es)d X35l R-7](R-group) S ¥EEH3ic),

e

T 14T v gr AAjde] wE Z1E(100)(dE 5o, ZERIE A HEw #o]o(806)¢] gHik(diffusio
n)< AWt 53], & 14E oA A 3 (Auger Electron Spectroscopy)el <93 714 (100) ¥/EE &
21(103) Wl A Hz® gle]o}(806)e] Ta-E HolFth, o AAldelA, 7] A (treatment)E= b #olo]
(108)°] Z=%(reaching)@ wi7hA] Azl ¥ (treated) #e]o](806) Al Z* thAZ(substantially) Si, 0 &
Col ok FLE opy|gth. A AAdolA, Si, 0 2 C 94 e ZH7F oF 40%, 35% 2 20% olth. & AA]
dol A, A7) AgE Felo](806)= oF 3500 FAEE(angstroms) 2 sl 2 3akd A (108)S oF 400 &
2~EE(angstroms)S ¥E3at1, €9 Si9k ~vlo]A(spike) 21 0 A FE9 A4S ¥ yjHtow 3t}
A7) G2k 9 (108)2 oF 5 YiemH WA oF 500 Vv EH Atolzh & 4 vk, Y] AEE #le]o](806) T
AR oF 1.0:2.25:1.75 (C:Si:0)°]t}.

=

A Aol A, 7] A (G 207)= A7) B7(100), 7] =R (101), A7) @elei(102), 7] 7158
o]o1(110), A7 &7] 4tsdE #olof(805) FE olE9 FFe9 f7]4 A (organosilane agent)ol ts =%
(exposure)E E3HstE. A AA oA, A7) f7] & A (organosilane agent)® R,R* R’ 7} F713857)
(organofunctional group)¢l ¥wr 2 RR' R’ Si-HE2 FAYE 3784 F71d@(trifunctional
organosilane)o]t}. 7] #7135 7] (organofunctional group)®] <& LZ(alkyl), oFH(aryl), E=A3}%
(halogenated) &7 o}, AE(ketones), LHld]=(aldehydes), oFA(acyl), €F&(alchohol), oFHA|
(epoxy) ¢} AA—7] & (nitro-organo group)@ +715% 7% (organometallic functionalities)o|th. o A
Aldlel A, 7] f71d @S Efvdd e (trimethylsilane) o] t}.

r
n

9, =FAZF, X7 (diluents gas) 2 4Ee A (HA 207) HE(degree)o] FFS F7] Y8 =A
A (A 207) AES] ZH(control) vHFFHAZ SAE Fo(imparts)gth. o AAdeA, Akstd #Ho]
°F 300 WA °F 600CS] =%, °F 1 WX ¢F 24A1%F B<¢F 2 oF 5 WA ¢F 100 psia®] tEelA, od &
oF 25 psia, ©F 27 psia, ©F 54 psia, =& ©] Alo]o] XA W9l (suitable ranges therebetween)2] 7]
Ao =T ¥g& w71 A% oF 1 WA oF 10 psiad] FE¢HAA of2 B Ao e 544

e AHEEE o] nhgr s,

o > o 2
/U o [

o

d Aol A, F7]-2t8} #o]o)(805)(AE B, F7|-4F8H(air-oxidizing) #eolo](102)e <& FAE 71=
E ] A Z(carboxysilane) #ojojo] 7y¥H& w el A & (dimethylsilane))E EgH e (trimethylsilane)
9] =Z(dE S0], 25 psiadlAl 10A17F S9F 450°CAl Ao 95 Hedrt. A AA o)A, A7 HFE #olof
(806)% Si-OH 71% (functionality)®] £21(loss)(Z7]-2kake 2lo]o](806), = 15 &%, 3411.8 cm o A), A
ZZ}(contact angle) 549 T7HAE B9, 50.9° 21 o w-EF wlaste] o] 2stE ES 9% °F 99.1°),
Aol &4, -3 dudA(impedance) (S 59, 9F 15.4 Mohm(Z; = 9F 7.27 kohmO. 2HE F7} &7]-
ArstE Plolol(805) ZHH, = 16 B 179 W Fa5(Z), H/EE YolFH2E ME(Nyquist plot) S 25-H
ok 0.0729] ElH Y (terminal) Z/7Z Bl&, = 18 & 19) 9 o]E9] %3-S ¥ I3},

=
RN

d AAlde A, FZH(101) /== @olof(102)7F T2E nlr(&Etold(sliding) T& ia‘(rolling) =59
Qe B59) 2 npR(HE EA(bodies)e] AE 5o 3 A S zdeteE FAARY EWrEE B3
7] {8 S A AFee A2 kgt Y] viRE FAVF AW el BE 21 71%" &2 0]
= F XY e AZ(materials)old 23T, vimes eHog uA] FHA 29 AlA Holar, npE

(abrasion), #2l(erosion), AZ(adhesion), FEWI Z(surface fatigue) /%X 52 (corrosion)o] <Js] of
7)€t $8(applications)d] o]& wiRE = 20 @ 21¢] AmEo] drd. &= 20 FH(901) 2 FEWH(902)9
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[0071]

[0072]

[0073]

[0074]

[0075]

SE545l 10-1512579

T REWol HFHo] g3 YEF A (reciprocating) +FoR AR FUHoR Ao S8(application) S A
w3tk Bolx= v e AAdoA, Ay He yaE F=(903)(piston head) ® AT (904)(cylinde
AR, A7) 3L oud 4d 4 e FEolt. &= 212 Aol E (moving fluid)el 23] %W (910)o] A
=¥ %%(appllcatlon)% /‘é”éﬁﬁ‘:} Bz = vhg A e AAloo) 4], 7] W2 sH4aE(912)7F YERE AA
#H, 7bs B/EE 9A E5(flow) % 8 FEA(fluid) 7} F3kekes 9ol Z(911)9] H-(interior) o] AR, A
7] UL FAE(fluid motion) ¥ FFsheE AuWst FEx d 5 9t}

HAg v A A, FHuEE fgaET] g #4849 AE(operational life)o] &
stgo] k., A% sAL dubdow EAdy] wjid, 74 8 A (component )] Tl widl sty @ LA
A8 degradation)S BE37] 98] ¥ (101) Z/E= A7) o]0 (102)7F F-4E = (formulated) RS S 838}
t}. AF(aggressive) ANA 2 (working) 74849 S&(application)? o= odx 7}~ Ay ALE
= JF7)F-drilling tool)olth. A7l =4 (tool)E S F&H(loads), HS &£x9F npzk @ &% &
SEE A, o83 QA (factors)E TFALAS ¥EHWHuRE F53t 4 Atk FH(101) H/FEE= go]of
(102)8] AR ®E== 7F5¢k(harsh) 34 A t& o]#jgt & (application)S Z=fo] & 5 3, XF3t2
(include), A (particulate)®] ZE(flow) H/E+= &gkl (sliding) PR AlZ~El(system) Eve T84
(componensts)i= A7} git}. o]]d & (application) A7} AR, 2 2 7px AdoA AFE-317] 9
3k Wl (tubing), A¥|(fittings), WH(valves)(ZEE (rotary), E(ball), £&o]=(slide) %), <UAH

(injectors), ¥|2=%#(piston rings), <&to]ld <2-H(sliding o-rings), AHU(cylinders), Fd%
(regulators), &3 AlA®l(mixing systems), AlE4%7]F(sampling apparatus), &2 Al2®(analytical
systems), ¥4 (process)@} 4174 H](analytical equipment), W A2 <X (internal combustions engines),
"= A (semiconductors)9f 22 A& ¥ ghsit},

38 FAE zyE FEo v|stetd Gtz 2 tEE uEE(finish) 9 EFOl wel geid, B oubge] o
AA dell ANE Wgel whel, 7] ZE(101) EE #e]o](102)+= ¢F 100 nm WA 2F 10,000 nm EE—E B} vp
2} &)

AskA, °F 200 nm WA ¢F 5,000 nn B, 7 wbEASAlL, oF 300 nom WA oF 1,500 o] FAE 7T
A7) vk AP oF 13x10 mm/Nm WA SF 0.5%10° mm/Nm Abe], i muh wlebAshAl, ok 9x10
mn /Nm A F 13107 m /Nm Ao], EE 7P wbgA A, oF 6.2<10 mm /Nm WA eF 1.3X10° mm'/Nm AFo]
ERERES

A7 A (101) 2/EE= A7) #@e]o](102)E mhE(abrasion), & (adhesion) @ ¥ Z(fatigue)¥} 728 g
rER

¢

(mating surfaces)<] |2~ 3 & 28 (stress interactions) ¥ W& £ (deformation properties)o.2 <l
sk omiEe] gk Aol o] wEl AHEskgitt. dvbrtE (abrasive wear) (2= @A (scratching), 7H-A
(gouging) v 2=FoJ¥(scoring) S FX)E & 1§ ddst A5 93 3 sHoRHY AE7F AAHL F
E Atole] Zal(debris)e] wtdk Ax7F f-EF(leaving)® Wl 23T, S & wlE (adhesive wear) (T35 =¥
(galling) v A (scuffing)eleti F-Eth+ AW 2 FH3(interfacial adhesive junction)o] ¢# 3}
A MERE B F FHS vnHAERHN AMEZ a2 (lock) WAL}, HE(normal) 9]

AEgHozHN, FAhYEL E7|(asperities)olA g E=olAa, 7] E7)7F FAsHAl(plastically) ®33}7]
ol % FESHE 2% gttt FZ(fatigue)T T840 HHO AEH AR st VAR AE
%+ 7]A(mechanical machinery)”} F7]2%(periodic motion)d ] LAzt med W] Ay &7 H&
o g flo], o]y ﬁﬁ—‘f FE EW EE 32U UF 2Ed2s g mEg. 7 gWel AR A o

TA ek Adf(failure)E F%3Far EHo| Hyb(propagate) ¥ Al A (microcrack)S 438t Av] 9
ofl 2Fke] A (some dlstance)oﬂ #Hal Ff(share) 2EH A (stress)”} E2t}.

sk, ZE(101) Z/E= #olol(102)= A (erosion) (HA L 1A E2FE)H L F24(corrosion)H &= 74K
29 xHe] AFAPS FHAZT. A (erosion) (HAS} 1A E2HEH)S FEIE A v F717F L
29 x¥d JE5E o #AS. F24 vtE(corrosive wear))oﬂ/ﬂ Sé E£A-e 37 (environment )] wWH-3}aL
S AdES 3W E7] fod A48, vhs AEY AR FE98A4d 9/%+=, vl (abrasion), A& A
Z A5 A8 (contact interaction)d] A=A LT},

7] ZE(101) D/EE #elo(102)E 1A (100)e] = (101) H/mEE #olo](102)¢] Z7+d % Z(adhesion)

o] Agel wet e A HEH7] wiel F¥(102) B/EE #olo(102)9] wiR 54 FFAIXIT AV

FE(101) Z/FEE #oloj(102)+= 712(100)¢] Woj® EW(bearing surface)ol Wik(hard)dta FosAl Ha
(adheres)Eth. o]AL A7) :E(101) Z/mx #Ho]o](102)7F 714 (100)0] »==% &= vlR(wear) Y/ A
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[0076]

[0077]

[0078]

[0079]

O

2 4 AE AX(aggressive) E=E 7F=3k(harsh) QoA AlEE+= AL 33l T 20004 Ko
F g s AAddA, EFH(901) o]y EW(902)E A7)dl(thereto) AE&¥ FE(101)S %4 4 9
A==y ‘3%9-?4_, EHO0DI EW(902) E o A8d IS ¥ 4 vk 3 ¥(913)

T
Z(during transportation)¥} & &Aoo TmHE EE(item)(911)S H I3}~

T o

ol
i 5

(10nH<s =3

)

HA A 7] 712(100)00 #Holo(102)E FAdst7] 938kl 2412 &<t 8 psia 7F2=ellA] 450 T4 T
Hedes H7Mintroducing)dhes A& Tt A WAl AAdolA, 7] dolej(102)E Ae FH
(316) (mirror-polished)?l 2E|918]27; FE(coupon) (27 =A) oA R AX|(F, AlzZtd oz T3}
719wl AR = AT, S (measurements)> 9F 60 ° oA T2 Ao A & FHEZM(contact
angle) Hlo|ElE RHAFEr. dudAdados 7] 3 A &, 7] 45242 oF 102° 2 F7tekdvt. 47] &
0101 (102)7} HolA grjgte, 7] vlo|H= 47 4”4(105)4 #o]o(102) flol 7IRAE A= T3 &
9} A 3] (extremely) Sk 52 (deposition)S ERFWILE. A7) #0]o](102)9] 7] FAE ZA¥HS
U e 22 ARE Jhee B9 71E Wil 9F 100 %Z:E%(angstroms)gi SA =T

—

4 Al 49 2

A7 F A AAdE 7] 712100)90 #eo]of(102)E #A 7] ¢8ke] 15A1%F B9t 8 psia ZF2=oll A 450C ol
A gelddgte] H7Mintroducing) ¥ A& EFsh. 7] F A Al A, g7 #olo](102)= M &
3 FA A (luminescent rainbow) HiH o] = AL 33}, SH (measurements)S A2 FE(316) (mirror-

xghi
o

polished)?l ZHdE 27 THY F8 A o] (wafer) THE 9%, oF 100 ° 9] Ht o3 & H= 7
tolEl S RojZth, FT-IRS 2950 cm Oﬂ/ﬂ 34 (reading) F = C-HY =4, 792 cmﬂoﬂH 34] (reading) ¥+ Si-

col 24, 2102 e A A (reading) = Si-H D7) (moieties)®] EAZ Bolzrt, A7) #0]0](102)9] 7
= 9F 800 &2=EF(angstrom) = LAl ols|A AFHTt. e oA A EFHEES &8 FU A
(measurements)< F~FH . 7] ZA (measurements)- F7] #lo]o](102)9] Si 2 C YA 5% FT7FE H
oFth. 471 Z4 (measurements)> E3 Fe, Cr 2 Ni 9219 % 7= Adyd A7) 34k £9(108)0 A=
Al ZadkeE St 2 C 9 v=E BHoEt. A7) 54 (measurements)S 7] GG (108)S de AA
(point)9] HZol we}l #A|Z(zero)ol H*(asymptotic)dli= Si ¥ C A9 FLE

o

& Holgrh A7 54
(measurements)> “g5she 0 d=be] Fko] wet Q’d"’goﬁi(w@—o‘ AEE = dte AE B3 BoFEtH (5
(deposition)o] Al A7) 712 (100)2] A7) EH(105) Yol EW 2F3}(surface oxide)o] ZA3}).

4 Al o 3

Al A AAlelE 7] 718100000 #Helel(102)E FAdst7] fste] 15A12F &<t 8 psia 7h2=oll4] 450 Tl A T
Hedge] M7 introducing) ¥ Ay} 1 thg Al #o]o(802)& FA 7] kel 2417 Bk <F 100 W)
A ¢F 200 psia 7FZ=ollA 450TCol A B84 7F24(inert gas) e 2 7]2(100) 9o #Ho]o)(102) Ats}sle=
AL XS A7) Al HA AAlde sbgAe A g ARE BT, dE £°], FT-IR doHe ®EWH
WA 3}8k(surface modification chemistry)S 9%k ojmj3sl 7153} F7](Si-OH £+ Si-H)2] EAE Hols

o A, A7) AsE Ho]o](802)E 86.6° ¢ Si ol (wafer)H ol HEZa}, Si-0-Si~7](groups)? tXH
7HR T

i

4 Al o 4

A7] Al HA AAld= 7] 712100) 90 d@llo]o](102)E FAst7] $18Fe] 15A17F 59k 8 psia 7F=ollA]l 450C ol
Al fugAge] HZM(introducing) ¥l= A3 2 ok AbskE #olol(805)F BT skl 241 Fb oF
100 WA ¢F 200 psia 7F2=0l A 300CoNA] AHsbA] & (mixture) 2 7] (100) 9o #@o]o](102) Ats}tsl= A
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[0080]

[0081]

[0082]

[0083]

S Xgg3it. ] AbskA EgEe 3 2 B E%E&Tﬂr. 71l MR A dE bR g A9E B
o] ). FT-IR dlolgo] whah, A7) Aksl® #lo]o](805)+= 2B -AF3H(over-oxidized) ¥ 3L, C-H7]19] A (AA]
o 33 mlaste]), Si-C719] (Ao 33} H]ﬂo}"q) 2 Si-0H/C-0H7]2] F7H(A Al 32 wlusie])E X3
A=

A7 g WA AAldE 237 718 (100) 0] #lelof(102)E 437l Hske] 15417 &<t 8 psia
o Al tidledge] M7 (introducing)¥& Ay 1 thE AkstE #le]of(805)E FA3HY] $13ke] 2’\]2& B¢ o
100 WA 2F 200 psia 7F=olA 300ColA 712 (100) ¢ @o]e](102)E 4kslsl= AL E3h3t). A7 o
WA A e FI-IR 1o (F; 3414 cm Dol A #2® B Si-00 ~E @A (stretch)s 37 Ashe 7112
AE2E At AEZ(contact angle) B o]F(deionized water)olA 50.9 " 2 ZAHF U, A7}t
ol A~ EF3H(electrochemical impedance spectroscopy)S WS Fag(frequency) ol AW~
(impedance)E Hol#th Z; = ©F 7.27 kohm. A 59 w2 A3AHL ETFE 100 T26(Cr6) E(ball)S 31 0.5
No| &3t 3 em/s ¥ AE £=E H L3 v A (tribometer)(CSM Instruments S/N 18-343)2 ¥y ==z
4,141 x 10 PFR(mm /Nm)E HAFETE, A7) 28k glo]o}(805)E W nlR(AAd] 33} Hlmete]), H& miw
(D)ol 33 mlaste]), 1E]a Si-0-Si 719 EAE Eie3int.

Al o 6

7] A WA AxdE 71539 (functionalized) #eolol(110)E @A &7 18 dgdat 37 Axd 20]4
FAE 715388 (functionalizing) #o]o1(102)E Zasict, A7) 71589 #olol(110)E FHt)(advancing)
98.3° @ Hi(receding) 85.1° 9 & HEZS zH=r}. & 1094 BelFiE A o], FI-IR HloJg Si-0-
Si7)(group)(1027 cm oA 2E#A(stretch)o] wmehe] REI Si-H7)(group) (2091 cm oA ~E# A
(stretch)oll wheh) ko] el wpet HAE = F2(little) 4SS HoFEH.

A o7

A7) A HA AAldE 758 (functionalized) #o]e](110)E #AS7] 93k gzl &7 Ao 264
FAE 71533 (functionalizing) #olol(102)E X3ty 1 vS, 71539 @o]of(110)= W (chamber)
o] &R & o]24=(deionized water, DI) 5mlcll 2] 2t3lgct. A7) 3w (chamber): Z+Z (several) A3
E=(flushed) @4 ¢ dEHE &7)(container) 2FE &71& AASH] 93 7P (nild) Ao =EH). A7)
A (chamber) o] &5k=3= 450°ColA oF 2A13F &<t, FA® F 2o Hkdrt. 47 71sste #do]o1(110)2]
2bshE= 7)s sk —fF 2bshel Holoj(804)E @A AVl TisEdE = AkskE #Holo(80d)= A
(advancing) 95.6 ° % FHA(receding) 65.9° 2] & HZ7ZF vlo|gE et & 10004 & = dxo], A4
6ol 4 AR 71588 #olol(110)3} Mashe, FI-IRE Si-0-Si7](group)(1027 cm oA A= (stretch)ol

wab) o] oke Z7tetgiar, Si-H7)(group) (2091 om oA ZEHA (stretch)ol meh)e] ke gradhs AstE W
o,

4 Al 4 8

A7) o5 A AAdeE Eugadds 15 A7 B9 8 psia kol 450Col A A7) #le]o] (102) (HHE A
ol HArlshe AL T3 A7) o AR A d= w2 Axs HojEr, 7]1E(100) Yol B
Ag ®EEstdos AT £ gle IES s, B HEFZ ol & Ws §lsiy] wiEel, B2 289

ol g FA= fltt.
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[0084]

[0085]

[0086]

SE54] 101512579

Al o9

7] ofF WAl AAld= AzlE #o]of(806)S At flte] EHd A @y} A HAlo 5elA FAH
stel #elel(805)°] Mg EFHett. 53], Efuld A2 450CelA 283 25 psia 183 °F 1047t F
Hgy= ASE X A A¥(evacuated) FWel dsixck. 2 Ay FI-IR dloJEl+= Si-0H 7%
(functionality)®] =4 (loss)S HAETH(E 15 #Fx). AltH (suggesting) &g &4 stolA & o]
(deionized water)ollA] HZ7}e 99.1° 2 =AY}, A7)8kst 72~ B33 (electrochemical impedance
spectroscopy)< 15.4 Mohme] W& F35(Z)o0A A3 W A(impedance) & HolFEth. #7)318F ujds~ B3

oo

S

oL

ste W X% (bode plot)9} o]F2E HAE(Nyquist plot)(&E 16-19 FZ)ZHE 0.0729] Ev]d(terminal)
Ze/7) V& (ratio)S T3 BolF=tl. Ev|d(terminal)9 AR vl= AdAL FF 100 AE6(Cr6) =(ball)

S B3 0.5 N9 &3 3.00 em/s 98 A8 £5=2 H83F vl A (tribometer) (CSM Instruments S/N 18-343) =
MEER 1,225 X 10 0% (m /Nn), AEA 2o Amel vawaA 34 2712 Hojzy),

if

Hr

54 B (features) B & o] AHAAldle HoAal AHEE v, dd¥om N2 723 Ag-ae A
FHAsteE FAo FHerRE E% glo] B W¥(modifications) ¥ W3} (changes)E FPAbl o8] e
T A (AE B0 A7|9 W, A, 72, BF F oS a4 54, w7l HE g(dE 5, &%, &
2 5), A% WY (mounting arrangement), AFE 2] AFE, A A¥(orientation) 5). W3 FAH(process)O]
U ' (method) ©A(step)e] =A](order)Y ZFdll(sequence)™= W& AAldo] wel W74 T A H(re-

sequenced) E 4 Jrh. 2 ER HFPE HFY(claims)S BE 479 £ Wy W
Slgk B odgeo] XA HaloZA ogEojof g}, WRE ofufE}, nlgAg A« 31 <
A7 flall =88k, A FdY BRE 7|5 AWstA X o (5, dd¥oF B 4yS Adsy] 9
3 7 £& EE(mode)E Ak Aol #H gle AMRE, £ FAstE BES s sk =
AFEE). olfdt HA A3l M (development) o] 7]&(engineering) HEi TRl TR A E (project)
2 H7}(appreciated) HoloF stal the] EA 3 A2 wEo Ao st} A ¥ EF
AR aHo| = B sla, kel AlZH(fabrication) ¥ Al Z(manufacture)”} 4AFel EAbo] 2218 71zl
AHES AU Ag glo] & e FHE 7H 4 Q.

Fseol

100 : 7]4 804 : 7'es-tha-Atst #lojo]
101 : 2¢ 805 : &7] AtstE #Holo
102 : #o]o] 806 @ A H #Heolof

103 : &7 901 : 9

104 : A WA & 902 : ¥9

105 @ #9 903 : F~E =

106 @ 7 ®A & 904 : A¥H

108 : 2t 910 © ¥

110 @ 7]°s3te #lo]o] 911 : o]z

200 : 371 FE A 912 @ M

802 @ AFstEl #olof 913 : &9
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