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Properties of 4D Carbon/Carbon Composites with
Hexagonal Type 4D Preforms

M.H. Hong*, I.S. Oh**, D.M. Choi**, H.J. Joo™ and B.I. Yoon***

ABSTRACT

Two kinds of hexagonal type 4D preforms were fabricated by using pultruded rods with three
different diameters. Pultruded rods with the same diameter of 1.4mm were applied to X, Y, U
and Z direction for type I preform. Type II preform was fabricated by introducing pultruded
rods with the diameter of 1.2mm to the X, Y, U direction and 2.0mm to the Z direction.

These preforms were impregnated with coal tar pitch and then densified by repeating PIC
(Pressure Impregnation & Carbonization), carbonization and graphitization process.

The density of type II could be obtained up to 1.828 g/ cm® after the 5th repeated process,
while that of type I was less than 1.723 g/cm® even after the 8th repeated process.

Porosity data coincided with the density trends : 12.393% for type I and 10.441% for type
Ii. The higher values of flexural strength and modulus were measured for the higher volume
fraction of reinforced fibers : the highest one was for type II and Z direction.

= =

QA 88 rodE F £59 hexagonal® 4D Z2|E& AFsigdtt. Type 1 =& A0l
X, Y, U ubaks} 7848 25 1. 4mm<l rod 2 A 2Heksien, type I Z2| & H 7ol X, Y, U gkl
= 1.2mm, Z ¥k dEAE 2.0mmel rod2 Alztsteid)

ZalEe e AA2 YUY F/RIED BRTACIOS 95 L T4 FHL Vol
U535 4D CRFCE Al=3lgich.

Type 1% 53 PIC ¥ L7} 1.828g/em’® %7 YebA|e type 12 8% PIC F= 1.
723 g/cm®e] Ea}sledich.

7125 9lolAE type I°] 12.393% <1 ubHol type [+ 10.441% E M} 7)Fe] AHA
) FE4E S AAF 2 H4Ee0] & 75 W] X, ¥, UF W] wlste
A Jehds AeEge] H& type U7} type I vlste] #& ZF=E yehich

# AGTF FtATA
wx g shar e wEREke) wxs Fulaetd T



64 FHE - 2904 - HER - FEF . Y AR
1. A 2 Aske] FAlell EA7Ee Bt E S-S F4AA

aste] PUEES oM Sases 2o

wta/wk E§tA2(Carbon Fiber Reinforced — & 7t wirc} €4 £ 4 glcHa~5]. =3t
Composites ; CFRC)+ S75& B0 ua} clok 38k 7t7] 7)Ee) 5'17]'3— A7 A 7]

g e 2 Wrksled Ajabe 41 olth. UD(Uni
- -direction) 2} 2D(Two-direction) & Xg}=#d1 =

Zn}3ko)
Wikl e e

ARk 2= B-Ao] $53kx|ul op2
4E 2] ol &84

A e] slek. weba 28 whke) diste] Fdgt
€40 875E MBAMe 3D o4 Yy A

Asoft @ei1],

3D FaE Yol FoT BRURE

o]

7180l ¥A =] ndxs

A7 o]
Aoz ¥ n—'i 71%o] @&
W3] FHE 8] B2

chahag 4D CFRCE A 2HE4o)

2o 3

ol 4 glen, By
F7e) & F

DAE AA B & B4 A TF2E 24 52
Lﬂ*r—4 ofz] Agatele] thokgt Feo] 717 o

TEE vehdh olE

e % 715 B3

ol A2 wdtaza ddse gemm

A%Ee F3 /23 T4 A= f
TA FUT L BRE AFA Hol Y
2]

S ‘%J"’—%B—i FHsid e
olu] 71&3 g Abelel AAHA A
ool AAH R dasg

T—!—q—ﬂ' UH 7H 7‘“ 24 ‘{%

Alsted

°351w‘::- A=t

S5

e

249 Yol

it

&o] AstAcH3]. w

Hell £ 4Ho2 FAY ASde FYA7} gt
22 gever Az Aud £ NAE o

E7 WRE S oA she] Eghaiu) <]
ZBES B2 EEH 7]741& F=E TR
5 AeH6~71.

“-‘U

ZHESA] EAde] A" 7139 mv)e
EHQ FA oste] PR atolx)7] w)Fel
FHEE] FoIRAA =Rk wpebd] FHEA |

Flf{'

2t} 27T g Fozy FHISS
42 B8 Z9I29] FEI} FAT2E s}
5% fxdle] B4 F4HE $ AR
oeix qlrisl.
mela B AgeAe A d @ rods AR
slod 27}%] ?%‘EH—‘L] hexagonal type 4D Xz2]&-&
15‘-@ H, Azxd ZejEe AXE 722 sx
A, 7hebeks) :1?4_1. FEQAE AL v
EFA}Q CFRCY] ¥ejz Azstgic), 2z
EE} FAel| w2 71Ae] AXse g EAsty
4D CFRCH] ®7} 3 eld] w& uxwis), 738
23 VAARE 5o BAS vlamsle] J)sletAe

& nFsY

L
R

P

J

iOH
H ol &

e

¢

H

[

2'/5 ‘6;1]

2-1. AgAs
2-1-1. 2Z&Y

4D CFRC AlzA] RAANZ A3 gaidis

Table 1. Characteristics of carbon fiber used for fabrication of the 4D CFRC
Fiber Filament Diameter Specific Heat Densit
type oy (um) | T-S-(MPa) | T.M.(GPa) | U.E.(%) | >R 160 (e s
TZ-307 3,000 6.85 3.4 235 1.3 17 1.80

T.S. : Tensile Strength

T.M. : Tensile Modulus

U.E. . Ultimate Elongation

Table 2. Characteristics of coal tar pitch used for fabrication of the 4D CFRC as a matrix impregnant

. Q.L B.L S.P. C H N S Carbon
Pich type o) () | & | ) | ® | | | “H | vea®)
Coal tar pitch 6.31 29,30 114.7 92.61 4,44 1.20 0.49 1.738 39.52
Q.1 : Quinoline insoluble B.1. ! Benzene insoluble S.P. : Softening point
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Table 3. Fiber volume fraction of pultruded rod

Fiber |Fiber Diame-| Rod Diame-| Fiber Vol.
type ter (uzm) ter (mm) |Fraction (%)
TZ-307 6.85 1.186 60.05
TZ-307 6.85 1.400 71.82
TZ-307 6.85 1.938 56.25
(mm)
o/ :/'
a4
YT

0T 'zt

(b)

Fig.2. Across section of the reinforcement direction
of 4-D preform with pultruded rods (a) type
I, (b) type I,
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Table 4. Volume fraction and density of hexagonal type 4D preform

Axis X Y U Z Total Densig
Type (Vol. %) (Vol. %) (Vol. %) (Vol. %) (Vol. %) (g/cm
*
Type I 1* 7.316 7.316 7.316 15,780 37.728 0.462
2 4.393 4,393 4,393 9,476 22.655
E S
Type T 1 - 8.831 8.831 8.831 27.188 53.681 0.626
2 6,342 6,342 6,342 15,293 34.319
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Table 5. Crystallographic properties of matrix pit-
ches after each process

rystallographic| nteriayer Spac-| Crystal Size
arameter [
Process ing, doog A (A)
Raw Pitch 3.651 7.70
PIC 3.450 15.45
Carbonization 3.482 16.31
Graphitization 3.450 127.46
after graphitization
/ after carbonization
-(% \ after PlQ
?z’ } / raw pitch
2
1S J
T { ] T { T l T I T
10 20 30 40 50 60 70

Angle (2 6)

Fig.5. X-ray diffraction patterns after each
densification process.
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Table 6. Porosity and pore volume of 4D preform

and CRFC
Preform CFRC Pore Vol.
Type | porosity(%) | Porosity(%) (ml/g)
I 62.272 12.393 0.0692
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Fig. 10. SEM photographs of fractured surfaces after flexural test of 4D CRFC (a) Type I
(X, Y, U) (b) Type I (Z) (c) Type U(X, Y, U) (d) Type II (Z).
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