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A Study on the Improvement of the Oxidation Resistance of
High Density Carbon/Carbon Composite materials

Ik-Hyun Oh*, Hong-Sik Park™, Hong-Bum Lee®,
Ha-Yool Song* and Kwang-Soo Kim®

ABSTRACT

To improve the oxidation resistance of high density carbon/carbon composites at high te-
mperature, the oxidation resistant painting material was applied to the surface of 2-D carbon
/carbon composites. The effect of painting material was evaluated by isothermal TGA(Thermal
Gravimetric Analysis) experiment.

As a result of TGA experiment in oxygen atmosphere up to 900C, painted C/C was not
showing any thermal oxidation behavior but unpainted one lost weight about 31%. At the
temperature of 800C equivalent to the real surface temperature of brake disk in the normal
braking condition of aircraft, the oxidation resistance of painted C/C was over 40% better
than that of unpainted C/C.
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Fig. 1. Densification process of C/C composites
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Table 1. Reagents and quantity used for antioxi-
dation coating.

Composition Quantity(Wt %)
NH,OH 5~ 15
Silica Sol 0~ 10
H, PO, 10 ~ 50
Mn(H,PO,), 3~8.5
B 15~ 30
BN 1~8
KOH 1~ 5.5
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Table 2, Composition and quantity of Silica sol for
antioxidation coating

Composition Quantity(Wt %)
TEOS(Tetra Ethyl Ortho Silicate) 10~ 30
Alcohol 5~ 20
Distilled water 15~ 20
HCI 0.1~1
NH,OH 0.1~1

42 o} 10417 o)A 3HkS- A]# Distilled wa-
terg 413 Awke] HCLHE 3 islgdn), o] whA| ol A
g %3 sz NH,OHE #risted 154]7
o] Ak muk-g AlF ).

2-4. Coating®} Curing

3x3x3(mm) 2 FAH wti/wi BgAE Al
e Zedx) Gay ZoE fsle] 253 8-S
g F Ho=g]g Brush® Paintingg AA8kdc}.
37 Beelz tlaze] A% AA AEA Ro-
tore} Statore] ¥lwpEH-e WE 320l Ak
kEFEd olE kEWe ASEAS HrHev)
$18te] Aol Painting®2]& 3lgic}. Painting&
Zr Agel 23]F AAlsiglew 13 AAl ¥ Dry
Ovenoll 4} ZAzF AAth. ZAE2EE 300TA
3217 fRslg e, ol 3 dAEEst F
23 Effect2 #Hgsle=d] Al#el Paintingdt 29
Az A)He] P 1nFr] sl FEE
100C /hr ©]3}t& slgdc). zelar 2¥4) Painting2
A g F AFZZe) A 560T EEo]A 447 F
Astges 94 &3 YAEEE 99 2715
FdstA stk =g 2 U9 AFEH7]= 665
Pa(5mmHg) °l3te] 27o2 shoich.

3. 23 =2 3%

Fig.2& £ A¥ddA Axd nUx sti/gh
2gAge] wistAeld A

9] TGAZ IS Yzl o2 4 & 600Ce] 2x=q
A FE] 4bae} whE-S slod FA| M3} E A sl



36 2908 - g . olF W - FolE - YAy R AHES R
. Curve 1:7GA
g:e"':’ M;;Tgém Fie info: Pl-cc-Bare
Weight - 8,076 mg Sempls Weight : 12,077 mg
110,0 110.0
. X1 24,480¢C
| 902,558 C 100.0
100.07 Ky 160,035 Wi 52
so.04 V2 68,986 Wi, % 80.0
1 av ~31,039WL 5
80,0 a 80.0
;\3 70.0 ] X .0
. o 0,000 min
L 60,0 60.01 % 366,917 min
< 17W1%
< 50,0 Es0.0l]) ‘gg.'z‘nwx‘.f*f
fguo.o .g.’ 40,04 <Y - 44,839W1,%
QO
< 20,01 2 30,0
20,0 20,0
10,0 10,04
0.0 T T T T T T T T T 0.0 T T T T T T T
0.0 200,0 400,0 00,0 800.0 1000,0 0.0 50,0 100.0 150.0 2000 250,0  300.0  350,0
C Bare-l Temperature(C ) PU4-CC-Bure-6hr Time(minutes)
‘IEMP'I 30.0 C THEN: 0.0 min PATEF: 100 Trrin TEMPI: 100,0 C TIMEI: 0,0 min PIATEL: 100.0 C/min
TEMP2 1 900.0 7 Sedes Thermal Analysis System TEMP2: 900,0 C TIMEZ2: 300.0 mn 7 Series Thenmat Analysis Syster
Fig.2. TGA experiment of bare C/C composite Fig.3. lsothermal TGA experiment of bare C/C co-
—~ 0, . ©,
at 7900¢C, mposite at 800C,

900Cel ol2e] AYglell EAIFEo] 2F 3lwt. %

o FA FFarF stk AY - Ba/gae

Preform2} #elle gloixz dfabe] EAstqdch
|

dubdom 225 (600~800C) o Ae] AbdE
Bl EH 9] Active site2] AFEHE-go]] 2%k o]
olitt ¥ v WAaXWe] AAWUE 5T 4

28] Faboll ejs) A2 A7) )& gl
=101,

) Ze| A vpelSe] oF 600T F-Zoll A F-A
bz} Ajabsle] 750~800C H-TolA] F&ERoR

N

e}

FA HE3E vz gl A4 o] &xf
o] kA Preform W22 4AbaA9le] 28 &
23] Abstrl AR ez AZEch Wl wa

/R BYAET) 000C o] 2] e, Te)3
A bt AEY A% Bh/R2e] S5
24e A9A e A Dde AL T 5
olch

Fig.3 o A] W3} Ael=#] & di/st &
grale] TGA A¥ A& viehdl 72 & Isothermal
(800C) 2] zAo)4l 360min. x&A1A A 4
stolct, AA] &-¢7]e] FAAE(Normal Landing)
Al Bolm tiAaze] EWHIEE F 800CHE
o]w 13] Landing®] #AF] LfsE A7k <F
20& Aot} g Bao)lm tlAde ALEE
2z Ba/wh 585 1000 Landingd =
M85l o] o= Mol t}E Hielz t]a
32 ZFE AR o)XY F$He] & Bra-

Eifge] vpdel g vims}

kingA] ®tAz/skAk

laleln] ol 7|AA wimel abs}e] 2)F FAIZF
29 4o & w|FE ARl gk, mF Ha
oz vz} AFA WA FF } o o
A9} Ax7kA] ez, F o <ulxe] F49

HhZeo] WkE-ElH el4/ekd B33 89 Thermal

<& Normal Landing?]2 <l
8007, 1?”]-“ 1000 Landing®] A4 7]&4
360min. 8] FAAILE ZIER AYE shoch
e Zof| A vhelEe] oF 10min. o] 7 38 §- F-E
P AR A & A|He] FAY) Ao & S
Utk o= A7l A RE AR BlA/EA
327} 4kae}l H &3t Burn-offseAle &
A& glend, e o 10min. o] A2 F
wiabsl sedoo] Ao} ZAFsle] A2 Burn-off
Zwela, A AAHAe R ok mAcla A}
2 ¥t FAZ AT 360min 9t A¥AHeR 7}
Zogle] FFHR oF 45wt %] HALE Hol
slch. Fig. 2004 veld 900CT7HR 2] A 74
vlsl, FAAZE aejsd 23A £ as
ohich.

o] #AzE sty
& Ew A A7k ©EE ¥
wel Frlshe Blge] Acke g o 5 ok
Fig. 40l Bo]%o] 712](2) 9} H-f(b) Alwol] 22



WO, H3 MW 1996.9 UL ga/B4 B WA Al AY A7 37

Fig.4. SEM photograph of bare C/C composite
surface after isothermal TGA experiment at
800C for 360min.
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Fig.7. SEM photograph of cross section of C/C
composite,
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