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(b) hard disk drive (c) artificial joints

13 1. Examples of various tribological coating elements
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13 2. Schematic illustration of the functionally gradient coating process

3. 7]k &3 1A $-2A] (Bonded solid lubricating films)
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Cam, Compressor housing, Aerodynamic bearing,
Piston ring, Spool CV joint roller, Ball stud

Chain, Hinge, Holder chassis, Spline, Drive shaft,
Micromotor mechanism Mission gear

& 4. Application examples of the developed bonded—film lubricants
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18l 5. Coating process of organically modified hybrid ceramics

B A7olA 7184 stolael= Aekele] §Ae Ao Al daAol= 2 v nlEA Al
(Methyltrimethoxy Silane, MTMOS) #} 47]HA Alglo 2 GPTMS (= MEMOS)E 5:12] mole ®] (¥,
HFTMS9] 79 5:0.1~0.05) 24 &3 ¥, 2 FAME2] vehs ol o] 222 d472(PA) 9] E3-8
1D A 294 2 =S A2 3—neck 2 S2kA e Wi 2535 50C A= 243§ 30877
th 214 (magnetic stirrer) & ©]&-8Fo] A& TR AFT 1 o5 98% o)) Agh Qlike g 4k 5% (pH) 3-4
Art H e 2R Dol &4 A7) AR ¢F k| =9k mole ¥ 211 (H0:45Ak0]2) 9] oF& E3lZ2d
7] (dropping funneD) & ©]&-3te] AA3] HolAlA Y2 ths, A& akspaA oF 24 7F A= ubgS Ay gk
E oolzaA R BIgAI A = F& & FZ o]l (Titaniumisopropoxide (Ti(Opr)4),
Zirconiumisopropoxide (Zr (Opr)+), Aluminium Butoxide (Al(OBw)3)) & A4 #1719 222 vkx Yoj| 4] oj4ed

o}4| & (Acetylacetone, Pentanedione—2,4) & #]2] 10:19) mole v]& (& Alo| tiolA|eol &) & E3}3) 71 S

# 1. Tested organically modified hybrid ceramics

Metal alkoxides
A D Si-precursor Organic silane | other metal alkoxide
1 ST—101 MTMOS GPTMS Ti(Opr')4
2 ST-102 MTMOS MEMOS Ti(Opr)4
3 SZ—-101 MTMOS GPTMS Zr(Opr')4
4 SZ-102 MTMOS MEMOS Zr(Opr')4
5 SA-101 MTMOS GPTMS Al(OBU')3
6 SA-102 MTMOS MEMOS Al(OBu')3
7 S MTMOS - -
MEMOS,
¢ =1 LIULOR HFTMS(0.1mole%) -
MEMOS,
Y eF=1ez MIMOS | TS (0.0 moles) B
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P’ Si\O_ 2ot kﬁ /\0?\1{/({_ /\O/T\':{_

(a) inorganic network formers

Methacrylic silane (MEMO)

CH,
Epoxysilane (GPTMS)
(RO),Si N\O/\CH—CHZ
b 0/

CF,(CF,),CH,CH,Si(OMe),(HFTFS)

(b) organic network former

Heteroatoms in
inorganic structure

........ -

CHL Al Ti, Zr... :

OM/S —"'"\.:'ﬂ"looou:
S' : :
]-]3(:/ (9] : m— .’33/0

f I o \)

Organic
Cross
linking

Inorganic
network

(c) unit chemical structure of the hybrid ceramics

& 6. Structure of organically modified hybrid ceramics (referred to from ref. ©)
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&l 7. A schematic diagram of the micro tribo—tester
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12 8. Coefficients of friction for various types of organic—inorganic components
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&l 9. The microscopic views of worn surfaces
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10. Coefficient of friction of SZ—101 samples with respect to the heat treatment
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1 11. The microscopic views of worn surfaces of SZ—101 samples with respect to the heat treatment
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A 100 A 7Hset A 2lgh Al 82] A= P flake A9 dAEo] Ao 2 WAE QI nfr o= 17 129
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Zr—0)2] homo— %+ hetero—geneous network Aol w2 A3t 71 A} 7
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7P G nPEAlS g et Slem 0.05 mole® A A= HA "]7] A A& ARO) B 28] =
< "PEAS Yehgth 28y 23 140 Bo] Mg nir dAts AR nPAle o] 7P #9H
0.05 mole%®] WA A2 nfrrt 71 A2 Aoz Yepyton, 0.1 mole%2 7355 °]5t} nfr) 571813l
th. o]= HFTMSE| ghragel wheh A3} wkg-oll 23 network -3¢l w2l A7} Qe A o= ®alt 5 o=
§HA o242 HETMS Ato] ghd vl 7|24 o8 AA7L AW 548 £33 4 witel] w5402 EolA)A]
ukRbHo| f7] 9l 77178 9] FAAE] AR A A o] F= networks A o8 oA Rl o] whe} 2

S3] 718 4] osfsIgl] W Ao AR BAAAA e AR A9 vhet g A
WA g me] 458 T4 Holu glvl, ol meSwke] vhRolA] el vhrswA o] Z
7h5)917) hEdl A0 R HeITk AMA 02 S 9 SF AR AEHlE PR £ AgEe] £

Gom MR AL 78 vE T4 dFARIE(TI Zr, Al 5)7F 53 A 5olA 9 w4 @7do] Feljeh=

10 em

& 12. The microscopic views of worn disk and ball surfaces of SZ—101 samples treated at 320°C.

1.2
4 e SF102 -«
2 09y e W i W Y A /
E '-\_,-"- J
= e
)
S o6 Ns
2 o
E \SFII}I
2 03 L
o

0

10 20 30
Time (min)

&l 13. Coefficient of frictions of S and SF—series.
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12 14. The microscopic views of worn disk surfaces of S and SF—series.
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1l 15. Coefficient of frictions of SZ—101, PMMA and Glass samples.

Soem 50 B

glass PMMA

1@ 16. The microscopic views of worn disk surfaces.

o] v|wA] 7)okt A4 dAkse] rPee] A R A EE S B, A rpdkEE & 2HE
27Fo 2 R B A Uitk o] S W SFA| Al550] 150C 9] Aol v 2y =7t =3 HA=
Zhe AR AbshEe] B o] FA 7] wliel AR Holed, Tiolu Zr, Al 58 d5Ak| =5 F37|=
Ao 4 72X} 78] A (high boiling point) 2] coupling agent ¢! Acethylacetones ARE3FA] 9= Z1o] FQ
Qloz Azt

13 155 #Au Ao Z B QoA 3438 S7-101 A|EE 320CE G438 23} glass D A8 PMMA =z}
2E] Ggtol| tfste] mpanlr A4S v A Aolr} 13 16 17 150149 glass2 PMMA 59|
Fis Yepd Zlejoh Al oJspH dut glass7} 71 W vl T ®910H PMMA, SZ-101 A% &
o £o7 A Yyt o] 7|eA oz 24 4% dA}F AA AlE ] 2 E el vt s A o
o] QA& Ao ® Btk vpaH o] A4S AR, glassol| A& A9 wpR7} A= 2] gk wPE T ulp-
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2 17. IR spectra of SZ—101 films on silicon substrate after heat treatment
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12l 18. TGA results for GPTMS modified ST—101 samples of different contents.
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