Carbon Vol. 1, No. 2 September 2000 pp. 91-97
Science

Technical Review

Carbon Materials for Biomedical System

Soo-Jin Park®

Advanced Materials Division, Korea Research Institute of Chemical Technology, P.O. Box. 107, Yusong, Taejon 305-600, Korea
* e-mail: psjin@pado.krict.re.kr
(Received August 17, 2000; accepted August 28, 2000)

1. M = 715 gt}
AAAGPY L FA F 7 E e F ded, 2 shde 8
BAaAl S AF7F 20009 A FE AMSEl =3 FHEE W} JHE5Y A FasM 87w GAA T o1, YA
g3} zho] -7|o] FHLoA £38] o] §H= - =T A st 247 HalA 2 W a7HE AR FHEH
B3 TA, AR B, 598, YieFHE 53 32 E=4Rl0] o]2E Ae AAFEE AW AR &
o] EE 75 B 54E& I ABE /NEEAA Q4 e 3] Q17ke] o AMEEHE A58 AEE o) ¥ AT
AeA|go)7| % Bt olx] & e] Fo|nkg-o] WAYSHA] ool st S 9
B 5ol FH S8 7 shie HeAEelq, 98 g A (e A 22 9l EARE slojof gith
oA wo] B ¢ e BAAIEE o83 EEEE H 2]
V\ B8 "W“H Zxa| 9} 72 Axzx SFAMEE W o] ¥ A7t AA ol AL F-2kgo] gl=7F she £A
5, BAE =&, Hyo|a o] Ju (v Heo]=e] Ayt 3 wWwe] shE, B ARGl it 7ol theke
& 8] nfEd o) Belo]aE dodle F5F), $37 B FHilo] HAE AAL ATt 2 @Al 57 A =4
NEE &9, 95 FE4e dFEH F drljo] AHF o AL o AH-E7] flsliA =, thololt =g w2 gfel oA A
|5 e BA-gA B R), FAAR AHEHe dd = 4 d= e 7 tholof =9} 72 B4 (diamond-
E o] St} like carbon, DLCE 7}<l A&7} 7ldE ookt Jct. A=t
G E5E o] &3 EFAES] AR Bol ARSHE B o|2]o] QlojA olelgt W] AlEe AF-g BFAL, ©] A9
Al 2 71AE 5o -kl FAZL wig- 71E ] A TR Qlate] Q17| ol EAE  Ue 2 AT
BA AMEE O] 91 TE FHAEEE AEHA 8 1 € A H9AE o]&g AR AAA S/ e, 9o
AHEE S HEZEE At 53], g s ERlEe 2 US gAdskd Zoth3].
el R0 A 2] & (biomedical) == %2 -3-EHtissue engineer- o]#3l o] AR AF-=, AT UM AFS F4
ing)oll M= QIFX|of, 3|3 AAR Foll &&= St o sta A et ol tisk Il St wel, AR
ZE wavt AR 22 3 35 e] % 54E 7N /U] ARG E FafEE vt ERF R g EHo A=
o), Hol= We] 223 AEH fARE g e B 7IAF B3 FFZA7| = &2 A2 & d=uet AH
4 B EE o] &3t QlFgdd Al2F] AR 3831l 9L o] dttar sk dl& 5o, AT 25 w2z ol
th EE, AEF 2ol ok AANR AMEH = F E55 Ale] EAo] gt A o) 29 Aol o] Folukg-&
Az AY, 27loe FE5As Ee 544 wrlez Y do7l= AE W] slA, SlEs M Alo]E A4
55 22 volo AeAlE T8 AMEstl o, w4 7 sk & Aboldl g 7117 B HAEA N e HEAIE
2] FA 2k /‘ﬂﬁ‘r“]ZHaJ} 7= okgt WS4 EAE Q13 o] 7]so] aETHA4)
Hole 8RS BAAT S48 ST 5 AF7HA dubE o' QAo ARRE = AAAMEEA AISI
7AIA ZF =7} “1319} HS=8t A B8 52 dFAolole §8 316 2H|lE L~ % o ©AE A% e AP Ao 9
=3 ATHA]. E’ﬁ]"ﬂ ZLE L ). olH g Byl ek F4ole £
F-EFE ] Eot -2 HE 9] el gl o) < A 22 AES(Auger electron spectroscopi)*] ol <]afA]
Abgre] Fo] 3555 &4 A HW, ZHA g BaEo)A] Yrh2]. o] B o5, 4 Ae] W 5%
& WM E At S AA R4S DA S v A] A1A| & e A2 HEA ddo)al, o ‘?:‘r 52 54U 2
71EThg HESle] 1 ARST)HE S Ao dnkEQl W o carbidéle] =2 213tE & HiE o R A og FAL
Holt}, AT 204 7] S o] %, ZHF 2] 5.717] 2] Wl o) aoZol 7AW
2t "AA Y] F3 EEe goud AAVsE EEoM e A AR ghd o 71 9ol A A
B HA)7I= A7 SfEglow, o]et g e Zlo] o] Het BAE A” et Wl tiete] 7wk, BrAaE S
Aeas dEA Atk 47X e o)2E £ o AlAe o Al g2 QAo o2& A AFe EYPAET}T oAEA HE
aiut g 2315 o] Ferlete AR o] g @ E o)A HeXE Gotr il g, gk g sl A 71X



92

E3HAE 2 BA7|A] EdR| 5o Aol #steA kAl
=
2.2 =

F&olu iz} A8 9o DLCE g sl AMgsA =

2.1. RF PCVD method

RF PCVD(radio frequency plasma chemical vapor deposi-
tionyd™ 2 71d-& plasma] ®Hel ol ste], Sr=o] vt 2
A4 tolole=E AW ske Zlolth 53], ©aR A"E «=
40 7 o]Fo]lxl AMHV(artificial mechanical heart valve)
=49 e ZIAR] B AR AP w4l e
A A3 S 7HR L 9121, X-radiographyll 2]3l41 in vivo
e Bl QA SAE 5 A, dFAEe] H5 et
AL

19803 ¢ll= DLC(diamond-like carbon) titanigl==} stain-
less7dE 2 W&o ¥ & #8E DLCE PCVDe] W
Aol eJajA] AxEJen, 1 A, Axd EAHES] =4
o] mpEA R}, FAA G A F o] BT HA &> I
ANE 1o} 4gs] A=A oebd DLC B5o2 IY¥
S vlE4E B4 AMHV S Alzeks Zlo) 7Hsslaitt. 3t
ARF o]2igk DLC HE52 W2 7|H 27 E BAAE @&
HAEAE Hol7|% dtet), ©]4& DLC 253 w4714
o] & AT Aol T o2 dHA Unt x| &
& ¢3317] $I8iA 7123 DLCe E38AGe] Aolg
Z ZarF on, 1980 ko] A& Ayrhee] 9
GM(functional gradient materializs, #5715 ZA}F W)
e}t ST e A2 o] AbE 7R SHATHS].
FAA FGME- 3 AlolA th& A7bA] Zlolol] uhet
A BAEY] HRAQ wigtE 7 A5 BEbEou vt
o|ARFZo|AL, T Aol flojA o]BY E8Y S =

g3 & i olEd R 2R = RF PCVDRY Ak 7t

)

elejolelelel Jol I 1
olejeele] Jel lef 1
elejelel o) Jo] JO]
elel 1 Jo] Jel le] [
elejole] lel Jeol 1O
elejolele] Jol lef [
oleleleleiel ol J I

Thickness

(O Metal (Ti) ® cvn©

Fig. 1. Distribution of titanium and carbon in the gradient mate-
rial.
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Fig. 2. Apparatus for amorphous carbon film synthesis by RF
decomposition of methane method (RF: 27.12 MHz generator,
FGMC: gas feeder with a microcomputer control, G: vacuum
gauge, Vac.: vacuum unit).
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Table 1. The growth conditions for the RF dense methane
plasma CVD process

Substrates AISI 316, Ti
Gas Methanewith nitrogen
Pressure 100~200 Pa

27.12 MHz, 2 kW
voltage of 600~1000 V

RF generator
Negative self-bias
RF-powered electrode

Table 2. Results of adhesion investigations of DLC manufac-
tured on different metallic substrates

Substrate Adhesion Force [N]
AlSI 316L 68

Titanium 59

Vitalium 48
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Fig. 3. A diagrammatic model of hard carbon coating onto tita-

nium or chromium containing substrate (Metal carbides: CrC or2.5 1B method i
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Table 4. Growth conditions for the IB method Table 5. Mechanical properties of some orthopaedic implant

Substrates AIS| 316L, Ti materials

Gas Benzene Flexural strength Flexural modulus
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Fig. 9. Flexural moduli of the LCP/CF rods after implantation in
physiologic saline, in the subcutaneous tissue and in the medul-
lary cavity of the rabbit femur vs. time.
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Fig. 11. Results of push-out tests. Shear strength for hydroxyap-
atide (HA). carbon fiber-reinforced carbon (CFRC), and surgi-
cal steel (SS).
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