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ABSTRACT

The 4D CFRCs (carbon fiber reinforced carbon composites) were fabricated with coal tar pitch
matrix and 4D carbon fiber preforms of weaving type and rod network type through the pressure
impregnation & carbonization(PIC) and graphitization processes.

The characteristics of 4D CFRCs with the preform types were compared and investigated. After
the fifth cycles of PIC process, the density of rod network type was reached up to 1.828 g/em’®,
while that of the weaving type was 1.704 g/cm®.

The flexural strength was improved with increasing density, and reached up to the highest
value of 253 MPa to the Z direction in case of the rod network type, densified to 1.89 g/em®. The
ablation resistance of 4D CFRCs was increased with the growing of density and heat treatment
temperature.
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Fig. 1. Schematic flow chart for the preparation
of 4D CFRC.

A3 xe|Ede 287
650717 &EHA|A T‘Klt}[IO}.

A Hez

2-2-2. n4xst 34

7HEEA o '3t Ao Eoi71r] Ao "A A
A8z Ee HAe 448 7] et we|
Sof TelES 9T 85 AAE FYY T AU
ol 4] 650 C7}A rigidization A% 8 stgd ).
7hrgal W 'l 3L 2SS B
A AAE A FA g F, AR &
FHA Y e LolsiA stx, AulH B W
FE FAAA L BAFES 7] Y3y

30007 3412 B¢ AT fA5) F9ch
olFA AF& 210 T F AAY H=rb 32
300T o)A 100bare] gt sleA] 547 Set §3]
AlA AlE g ErA e 83 3L E?SFTLJ-,
t}A] o] F 650T7HA] &8 1041753t Zg-=m 28
AlZ el o] AlH-2 ©}A] box furnaceslA] 1000C
77 BEAlg e 49 71F ¥4 Fd3ls g
—;s;—oq—;.ﬁﬂ #sle 100T/hre] $24x2 2300T
7hA] Zdst Aot 22z PICTAH =334
2 F7EAEFAEE dbEste adEsE 4D
CFRCE A =3l

2-3. A" A BN
2-3-1. ol3 E:&2j=0t EX| AIE

4D CFRCS] & AtvlBA-S 3HEs}r] 93}
v]5 METCO Co.98] otz Fef=wl A|g7] & |4
sled A|gslglch ol Zal=nl AAAE A
olzel o3 o]EE FelxulE AWFA
50mm, 57| : 10mm)2. 22X 5S5cm ezl 2o
Al 2E&e R FAMAA AFstdch ol Az
9 HJYL%E pyrometer® 23 B Al
2600 C g},

2-3-2. 7|I2E& &3

4D CFRCe] 7]3-E-& oolyr] 93l Mi-
cromeriticsA} Autopore I 9220 mercury poro-
simeter§ Al-8-3}e 7] 358 &4 5tqdc).

7158 54A 7159 54 b 9= 0.001~
1,000/m, mercury filling pressure+= 60,000 psi
st
2-3-3. 274X ¥ SJEHE 5H

4D CFRCe| B7pi}eke] w2 &
245 ASTM D 7909 <A =
(Instron Model 4505)2 A}-4-3}ef 33 F3= oz
A gt

2-3-4. FA} HXIEHO0IY 2E

4D CFRCe| =& Hellol wt& 7]5}3h4 <l §



76 Q4 FYF HES ¥

BEEGHEEER

=]

A3t SFAEE vHA Fo] AH]AF 223 ok=m
Eetzeh Al F9] AeldAte JEOL Coff
JSM-840A A} AAld v A o2 B3yt

m A% D
3-1. 4D CFRCQ| HEHist

A8 rod® A 2FEE rod network
types} ®aARE A Axste A2HE weav-
ing type. 2. 2 F¥-3}e] ABHA X2 71 &
5HE whEgE ¥ U= WEE #3s) £ 239 Fig
29} 74-& oFak-& vhehiglc.

zZe]Ee] UX = weaving typeo] Z|EF ] g4
Agol Bgo] & FAR <3l 0.843 gem’E
rod network typed] 0.626 g/em® ¥.x} &7 ‘)rE}
wet, 22 Z1sHE A o] F e & ol kA
o} ukd=Ee] #H&E 53 UXFHF rod network
type-& 1.828 glem’, weaving type2 1.704 g/em
2 hehgeh. ol e AL Figdsh o] 5 =

5 12 33 =3gk o] SEMog J&’:‘_}?} 7
getA 722 A9 ¥ 4 9ok Weaving type 22|
F& 1§ z9Uste] A5 bundleo] 2HE matrix &
Zbo] wlxA zhow XY, U whake| 7z} b a3}
E= F-Foll4] bundlez}e] interlockingg & Al&}
of Bagk el TAL HEA Hug £-§34

2.0 T ¥ H T i T T ¥
1.8 O/O/O .
1.6 / / B
T o4t / i
QO
~
o
~ 1.2 F -
=2
‘a
S 1.0F -
o
08 L O : Rod network type
: @ : Weaving type T
0.6 i
0 i i i 1 ] 1 ! !
PREFORM RIG. PIC, PiC. GRA PiC. Pic. PIC.
Cycles of densification
Fig. 2. Density changes of 4D CFRC with the

densification cycles.

(a)

©®

Fig. 3. SEM photographs of geometrical structure
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I} EA BaAF-2 weaving typed rod net-
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(1) 4D CFRCE PIC ZA o2 3 %3 AHASF
218 7%, rod network typeeo] weaving type X
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Aghel] wet WX Flo] foldte UxFrg
o] A el en 7o M E FaEHE
g 2yt

(2) 4D CFRC9| M%7} Z7hgtel we} 7| 3=e
Zrasta Adella] A e] AR nz T3
=7 sk 53] 1.8 glem® o] 4o Y =3}
% rod network type?] ZZ wWhEFolA] FEF7)E)
2583MPa2 7} A vepgon, 452 pull-
put E47 P $H-HYFAANN L F8A
& A FA A7 AEA Q] Wy o] dofi= 7
22 ot HA qlge] F& AFR epwdtt

(8) otz FetzvhE o] 83t AlvkAI g4 rod
network type3} weaving type 25 7| ZXx7F A
< 2R AH| Zds} A7 ) AbetA g
Aol £53HA vehbe AR Bol w2, 3
kel deotgt s 5t ARk g S
7] YeiM e Bt=A Eqdsie pidsEs} 8
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