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Abstract 

In this study, densified 4D carbon/carbon composites were made from carbon fiber and coal tar pitch through the 
process of pressure impregnation and carbonization and then followed by carbonization and graphitization. To improve 
the oxidative resistance of the prepared carbon/carbon composites, the surface of carbon/carbon composites was coated 
on SiC by the pack cementation method. The SiC coated layer was created by depending on the constitution of pack 
powder, and reaction time of pack-cementation. The morpology of crystalline and texture of these SiC coated carbon/ 
carbon composites were investigated by XRD, SEM/EDS observation. So the coating mechanism of pack-cementation 
process was proposed. The oxidative resistance were observed through the air oxidation test, and then the optimal con­
dition of pack cementation was found by them. Besides, the oxidative mechanism of SiC formed was proposed through 
the observation of SiC coated surface, which was undergone by oxidation test 
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Fig. 2. Cross-sectional view of a SiC single-layered coating 
applied on the c/c composites . 

.:i!} 7]~ '3<1 crackQ.] ~~<>l] l\:t5:~.A}7} Sic.£ ~~<5}~ lfrg 
o] o]if-01~t:}. ::1. ~.:i!} A]{1Q.] ~.£7} .!i!_t:} ~~ ?;!.:i!} l:I]Ji!. 

i>H ~ n:Jl SiC%0 ] ~71] ~Aa~~g g_ ~ 4- ~q. 
(b)-2} (c)Q.] ::J.W ~ -"Jr.)j-3j.Q...£ (a)A]{1.!i!_r:.} ~~ ~.£~ ~ 

2 ~7] n:Jl~<>l] SiC~Q.] .!f-7Jl]7} %fo}~q. ::J.C-12 Si-mapping 

::LW g_ 1:1].2<5}~ (a) ::J.W<>ll l:l]i>H Si~.£7} ~ ~ ?;!o] ~'?..l-8 

t:}. 0]?;!~ lfrg.:i!}::>:c)<>J]).i -"~-"-a-8 SiO 7]~]9.] ~~0] ~~]~E. 

.£. 7]~o]l-} crackl...J1-¥- ~<>l] SiC7} .!i!..q .7.]~<5}71] .:REd~~ g 
g_ Q.] u] -th::- ?;! o] t:}. 

::1.W (d)~ Aj{1Q.] ~.£7} 1.950g/cm3 '?1 2~.£ A]{1o]oj 

Fig. J<>l]Ai l:I]Ji!.-8 A]Jt1-F<>ll 7]~.:i!} cracko] 7}7-J -3j ~ A]{1 
o]q. 

o:}t:}Ai SiC~-"-a ~ .AHli.Q.] lE~<>l] TI-~<5}2 .7.]~<5}711 .:REd 
~~q. ::J.i,!ir:1] ::J.W .2..;::~<>1] ;,1]£ llJ-&-J:.Q.£ :7-jq~ 7]~o] 

;,1] 7H7} .!i!..'?.lt:}. Si-mapping ::J.W<>l]Ai~ o]~ ;,1] 7HQ.] 7]~~ 

{!<>l] crack.Q...£ 't!~~01 ~01 SiC7} 0] ~ 7]~.:i!} crackg_ o:} 

ct .:i:!.Ecl-8 -3! 0] ~ l-}E}l-}2 ~q. 

Fig. 2~ Dhami TL '; 0] CVD llJ~<>l] Q.]i>H 1\:t:S::.ffi:S::. *W 
.AH lE~<>l] SiC~ .:REd~ ::J.W 0]t:}. 0] ::J.W.:i!} l:I]Ji!.W n:Jl Fig. 
I ~ .:i:!.Ecl-8 %9.] ~0]7} ~TI-~<5}2 Aj{1Q.j 1\:t:S::. ~.A}7} Tj-5:_ 

~.A}£ .7.]~~7] n:Jl~<>l] 71]~9.] 1J:3j-o] ~~<5}71] o]if-01A:J % 

% .£-F SiC%9.1 ~C-1 (del amination)~-"J ~ ~7} 'oW ?;!.Q.£ 

c1];;:! Br:t. 
Fig. 3 A]{1Q.] ~.£7} 1.845 g/cm3'?1 ?;! g_ pack-cementation 

lfrgA]{!<>l] o:}c} SiC7} .:i:!.Ecl-8 ~-"-Jg_ -t!~~ ::J.W 0]t:}. 

::LW (a)~ lfrg g_ V·]{! 5~~ ?;!o]q. ::J.W<>ll}.i L-}E}\:! -3! 
.7.-j'i"J Sic.£ ~~-8 -!f-~o ] .±E~<>l] }.-jlj!-£-j -3j~~ ~o] 7J}::>:.] ~ 

!fr<>l] ~*l}.i .!i!.. o]::>:.] ~ ::1. .7.] ~.£7} o]--? ';;t ~ -"JF!J o] t:}. 

o]?;!~ pack-cementation !frgo] J A]{!.Q.£~ %~<5}71] 2 

Ed~ 4- ;;ctg g_ .!i!..a:j2f'-~ ?;!o]q. 

::1.W (b)-2} (c)Q.] ?c'H-~ .!i!..~ ::1.W (a)<>ll l:l]"f>H}.i SiC {l.!f--8 

-¥-~9.] ~.£7} ~71] l-}E}';;{.Q.oj 0]?;! ~ SiC ~~0] .!i!..t:} %~ 

<5] o]if-01~t:B=-?;!. g_ Q.]u ] ~q. 5':.~ {].!f. ~o]s:_ (a) ::J.W<>ll 

1:1] i>H}.i r::-j ~ 0] SiC ~ ~ 1fr g 0] 0] if-01 A:J ~ t:}. ::1. W (d)~ 

(a) reaction time : 1 hr 

(b) reaction time : 2 hr 

(c) reaction time : 3 hr 

(d) reaction time : 4 hr 

Fig. 3. SEMIEDS mapped Si photograph of cross-section of 
SiC coated 4D c/c composites (p = 1.845 g/cm\ 

lfrgA]{!o] 4}.]{! 'T-<5~~ A]{1°]t:}. 0] ::J.W<>ll}.i~ 'ifJ-i ::J.W 
.:i!}~ -E .7.}oj ~ .!i!_0]2 ~t:}. AjJ{1Q.j .±E~.:i!} .iE~ojj}.-jlj!-£-j ::f:: 

i} ~~ *<>l] -2-L1]-2-L1] SiC .:REcl-!f-~o] .!i!..~ ¥-o]q. ::J.C-12. 

::1. w Q.] .2..;:: ~oJ] ~ ~ -e. 7] ~ .:i!} .3. ~ g_ o:}c} 0 ]--? '7t ~ ~ .£ 

£ .:REd~o-J ~~ -3! g_ -B:~w 4- ~r:t. 
'ifoj]}.i ~Q.] ~ l:l}oj] 9.]<5}~ 2}.]{! 0]-"Jo]~ SiC 2Ecl 0]% 

~<5] ::J.C-12 -3jt:g~ ~o]£ o]if-01~t:}. ::J.i,!ir:1] 4A]{! lfr%g_ 
Ajzl ?;!oj ~-&j q;:: OJ'AJ.Q_£ l-}E}l-}~ -3! ~ }.j{19.j -=jL::f::~ 

Fll oJ] -B: 71] ~ ~ g_ -3! .Q.£ .Jtl-B--8 q.. 
~, ::J.W (a), (b) ::J.C-12. (c)oJJAi ~ .!i!..7J-8 {]% bundle9.] {] 

%llH ~ l:lJ-&-J:o 1 ::1. W 9.] lE ~ ~ .Q...£ -&-J:-5} J?. ~ t:} . .!i!_7J{"j %9} 1\:t 



.. 

.. 

Oxidation Resistant SiC Coating for carbon/carbon Composites 27 

:::::7]7-]91 i'l];:!oJ] i'J"~ 7]*J!j- cracko] €'.A~-5~ -?;!.~ ~:::::/B 

::::: *~.A~91 =i/.c!o]7] n:Jl~oJ] SiO 7]j~J91 ~{!-o] -§-o]-5}os_ 

SiC 52~0] l:l]Ji!.-3:] ~ o]if-o-]~q.JZ. ~q. 

.:z.c.~y. .:z.~ (d)oJ]J,i :::= .!i!..7d--8 {l%91 bundleo] /.]{! lf.;:!.l!} 

:iJS-5~-5}71] .!Pd--8 -¥--lt-.2..£ lf.;:!oJ] ~-3j <~J<'>J.2..£:::= crack0 ] €' 

.A~-5}7] o-]rgq_ o]9} ~~ :t!{]oJ].Ai ~ n:Jl ~-3j<~J<'>J.2..£ SiC 

52~0] /.j-t:J1-3:].2..£ ~ o]if-o-]7.]7.] ~~q2. -"~z.j-~1:}. 

A] >B lf.;:! oJ] if:l -"c! -8 SiC91 morphology~ :t!{f~ .:Z. ~ g_ Fig. 

3oJ] L.}E}~q. pack-cementation !fr%/.]{2-g_ lA]{!oJ]Ai 4.A]{! 

77}7.] ~"6~~ .:z.~o] (a)oJ]Ai.!fLE.~ (d)77}.A]o]q. o] ~ .:z.~ g_ .!i!.. 

;:! if:l/.c!-8 SiC 'ij.A}7} !frg/.]{2-o] ~~~ -3}o}.A]2. 'V_q. ll,] 

Z!- lfrg ~ -?;!.~ SiC 'i)7.}7} TI-~"5}7.]:::= ~.A]~ 111m o]-5}oJ] 

.Ai 8~Im77}7.] €'.A~~q. 1fr g /.]{2-o] 2.A]{!, 3/.]{! .:Z.~2. 4/.] 

Z!-.2..£ 7Jo-j.A];:!.Ai 'ij.A}91 3.7]:::: ~.A~-5}71] ~o-] ~2., .:z. 3. 

7]7} TI-~ t>~.A]2. 'V_ 1:}. 4"'-] {! 1fr g /.] zJ. SiC 'iJ 7-}91 3.7]:::: 

0.31-lm {!~7} -81:}. 

o]cj~ ~->-Jg_ 2.~"'-5~.!i!..li:!, SiC 'ij.A}91 if:l/.c!oJ] :t!~-8 'T 1fr 
g ~ pack -lt-~91 1fr g oJ] 91t>~ <~J~~ :::= SiO 7]~]7} ~::::: .2. 

.A~91 lf.;:!.l!} lfrg i>~.Ai SiC9} C~ -"~/.c!"'-]7]7] n:Jl~o]q. 

.:Z. ii:l_ L~] lfr g i'J] oJ] €' .A~ -5}:::: S i 09} CO 7] j~]7} .!JL lfr g oJ] 91 

i;~.Ai SiC9} 02~ /.~/.c!-5}2. 0 ]n:Jl o2:::: 7]€' A~Ac!-8 SiC 'ij.A} 

(a) Reaction time : 1 hr 

(b) Reaction time : 2 hr 

~ *Zj-5}oj SiO 7]~]9} CO 7]j~]£ {!~-5}7] n:Jl~oJ] !fr%/.] 

{!oJ] a:}c.} 7~q<t} SiC 'ij.A}:::: {]{] -3}o}~q2. ~q. 

Fig. 4:::: SiC 52~ lf.;:!oJ]Ai 3.~ g_ .!i!..oJ'T:::: .:z.~o]q . 

o]c.~~ 3.~ ~ ~:::::JB::::: *~.A~91 {!-§}7-~<'>,}Ac! 7H~oJ] "5}L.} 

91 go] -81:}. 3.~ ~ .2..A~91 ~:::::7} .!i!..q -e- ~7-}'?J. S& 7.] 

~-5}71] ~E..£ .!J!-nj7} ~-"'J-5}71] -81:}. ~:::::JB::::: *~.A~ l..JloJl 

:::= i'J"~ 7]*o] €'.A~-5}E..£ ~u}~S::.91 .!J!-nj ~-"'J~ ~~ 

~ 'V_q . .:Z.cjl..} ~Ad~ *{!oj] J..;j.!j!- i'J"~ OJ91 {f~o] ~o-j 

Y.li:! ~ -"'j-9.] ~ ~7} ~ill]{] oJ] S::. -.g.~ ~ 'V_.2..nj .:Z. 0 ]/.Joj].Ai 

:::: 3.~ g_ ~/.~/.]'tl ~ 'V_q. 

.:E~ sic:= ~~-"'d-i'll~1t q~ %~oJl l:lJt>~/.i ~:::::91 ~.l!J­

%.A}-5}.AJ ~ !fr g ~~ oJl a:}c.t 11soocoJJAi .>.J.g-77}7-J ~ z.rw n:JJ 

~~-"'Jill] ~9.] ;<.}o 1 oJ] 9.] i>~.Ai S::. 3.~ 0 ] ~-"~~ ~ 'll 1:}. 

o]c.~~ 3.~ ~ ~ {)~ ~~ .:z.~ (a)oJ].Ai .!i!..:::= 1:l}9} ~o] .!i!.. 

7J-8 ~::::: {l%91 ~B-77}7.] ~.2..7]71] -81:}. 

o] ~ 3.~91 ~-"~ g_ Q:j.Ai]-5}7] :::= 1j.A] ~7] n:Jl~oJ] n:Jl£:::= 

SiC%- ~]oJ] l..Jl~/.d {!-§}%, ~§}% ~~ ~§}%.£ %52~ 
g_ -5}oj {!-§]- .Ai<'>.}Ac! g_ c-j* <'>J.>.JA]zJ.q . .:E~ o] ~ 3.~ ~ 2. 

_g-.9.] -~fAd -lt-~7]oJ]Ai SiC7} Si0 2£ {!-§]-~2. 1600°C o].>.JoJ] 

Ai %%-8 {!-§}Tf-:::::7} 3.~.2..£ %'iJ~o-j {!-§}7-i<'>.}/.c!oJ] 7]oj 

w -?;!.2..£ cJ];;:!-81:} . 

(c) Reaction time : 3 hr 

(d) Reaction time : 4 hr 

Fig. 4. SEM photograph of surface of SiC coated 4D c/c composites (p = 1.845 g/cm3
). 



28 H.-J. Joo et al. I Carbon Science Vol. 4, No. 1 (2003) 24-30 

(a) 

(b) 

Fig. 5. Crack propagation on the surface of the SiC layer. 
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