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Abstract The study has been conducted to know ablation microstructures and characteristics in carbon
/phenolic composites. Ablation properties depend on mole fraction of H;O and CO. gas which were pro-
duced by reaction between propellant and oxidizer. However, the results of this study shown that the ab-
lation also depended on weaving structure, density of fabric, and tow size of carbon fiber. 3K 8HS fabric

showed superior ablation resistance to others, 3K twill and 12K 8HS fabric structures.
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Fig. 1. Schematic diagram of the ablation process.
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Fig. 2. A cure cycle used for the autoclave fabrica-
tion of the composites as a profile of temperature

and pressure.
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Table 1. Measurements of thermal expansion (+) and withdrawal (—) ratic in composites be-
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Table 2. Measurements of thermal diffusivity, specific heat, and thermal conductivity.

Sample Temperature Thermal Specific Thermal
c) Diffusivity Heat Conductivity

(cm?/sec) (cal/gC) (W/m k)
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34. AD}Z 55 U Char 24

C/PEGA U R AL
Table 30] bEWTh C/PRFAS Bre
12Kol A% 1.46g/cm’y 1, 3K 8HS ¥ 3K
twill 29 23] Yx & 1.49 g/ecm’ol T}
o] A& 3K Jrxeol 12K Fx=Rtl fabric
o] gFol 100psi R E=#HolH AHAl 23}
b2 H9ee ¢ Al olZ¥E 3K
towz17]7} 12K tow =7|H ok #r] af §o
2o A3 A ¥ (vacuum bag) U ol A 9]

>
oo
=
¢ oo

S — —

Table 3. Erosion performance of Carhon/Phe-

nolic composites after static test.

Materldls Iﬂlsity Erosion Rat::
(g/cm?) (mm/sec)_i

3K twill 1.49 0.72
3K 8HS 1.49 0.74
12K 8HS | 146 085

AWt F Yol g

el C/P B g Ao

¢ # ok ole g

Mz e Agel A



344 g B A] A4d 435 (1994)

& ply7t EAFS 2o A2 F 5H
# Artge 3K 0.72-0.74mm/sec. ¥ 1,
12Kel A% 0.85mm/sec.¥t}t. 12Ke] 7
Aubsb 2A dojde A 3Kuth 4
59 Rgth o)A L 12K7t 3KHE T} fiber tow
o] A7t AH, oldug Hdixa Uxrt
3 wEY2Fo] AX BiHA Ade Un
7} Aol dojut Rog AlRE G oo g Y
B "ol & Aoly} Ampe & AFE F
& ¢ 5 Uk F, 2Rt eSS 4
aA dojge & & U md Jdw
zlolE BW 3Ke 7% 030 7S
0584, 12K7} ez Eydd 2twirt
Aol & ¥ & Uth

35. OJM 7= M& ¥ 24

AaAd & SEMJEOL JXA-840A)& o]
&3t AbvbR9, char ¥ #14 % (virgin are-
as) F&o| thatal ’4’&6}“’ th. Fig. 62 4pu}

g ato] o 1 5 FERE WHo #EAH char
2 Pas zﬁ\ow:} Charz T3 ARA AiA
wAE do] TRE YR %lﬁgfr]“"\i W E

$< stol, Aol o) o WA FHH AL
Fol AAYE Wobfol, Aws) gole H
& Agste e Bk Fig 7ol 3K

Fig. 7. Microstructures of char, pyrolysis and virgin materials areas.
(B) Char area

BZo)x @A charz <3 HHolX e <&

(A) Erosion area

e @ of 80

Heo D de e
>
e

(C) Pyrolysis area

(D) Virgin area

Mol z1A] ¢ko} char A Rl # 4R
HEY AZol AR /b dejvt ol o]
1iz A tow Uiyeol =dEld dfE

za8tel AR, A

o charF ol % wE¥ Qololni
Mo Aol WiEE s} EAsA R8s o



YA - A1Eit - WA - Y PANA B A4

T Sk oldl C oo AW spas

g BHob 5 2weol vy char® ‘3%'4
Wbkl S5sb ZelsbuiA 230 Rz o
ojytth. o] 2 EajrpAl v /}/7}0]01] L]'
A obA L MR 4ol s} vy

Widell f 2 WAl chargol ¥
2 ]l8 Bgele] Wwvl CYo
Holw= Aog dusc ASS
dofux] ¥& HUE Pddoz vha 8o
WEHS 85 Aa 918 Haol ¢lege ¢
T UTH Fig. 80 ¥ta/d5el H3hg o 4] ¢
2tul 7] -1 (ablation me(‘hamsm) Wy w1
g Ay, =442 #9 HTPB(hydroxyl
terminated poly-butadiene) &} 4+glz|ol <Fsz
vlgol oo oL Ao ols) whgala] ALO,
(5), H:O(g) ¥ CO.(g)7} WA h 2518t
o] H.O(g) et COg) = vt &9 vrgsly

% o] &3 Carbon/Phenolic &g} 9]--- 345

Propellant : HTPB(Hydroxyl terminated poly butadiene)
HTPB + Aluminum ——£ . AL,O, + H,0(g) + CO(g)
2H,0(g) +C(5) ————CO,(g) + 2H,(g)

CO,(g) + C(s)

2C0(g)

Pyrolysis of matrix during ablation process in carbon/phenolic

Phenolic resin —&—— CO,(g) + CO(g) + Hydrocarbon gases
+ others

Hydrocarbon gases — A C(s) + Hydrogen(g)
: Cracking and Coking process

Fig. 8. Thermochemical reactions for ablation proc-

ess in carbon/phenolic composites.

Fig. 9. Microstructures of erosion areas.
(A) 12K 8HS (B) 3K 8HS
(C) 3K Twill



346 T A5ctE A A4d A3F (1994)

CO.(g), CO(g) % Hu(g) s HAStHA] Alu}
2 do) =3 ga/wHEore nby
Qto] dojyt MEZ 2 AEARHS By
HizFA7t Balex ol 2x= J5H
g@alFa 7hast P A rtA stas) 3
AEw o] &3l A fae A AAE char

Z9 23 ¥HOZ o)%sly wEHH) oln
EH| 7178 chard 442 227 ¥ o

Foll ol g TRl wEHolord dalea
sh2E 239 B el & o o 7 (cracking) char3
o] Hoj| &2Z #3417 tH(coking). o}
oz Fig. 7o) 4 Bedelo] CRdwr}
e molv AL JERA ©rh Fig. 9%
A AFF Ao Yot WL RoJFa Q)
. 12K 8HSZ A& FREAA 2o o

i

P

N

ot #Ate] thE 3K 8HSY 3K twillwt}d A
AA dolge&e ¢ F Stk ol 12K¢9
tow size7} =1, 12K fabrico] 3K fabric H.c}
Az dovl dow slEEXAZo] AA
Aol FAao] Biafe] WE7LA HA doint
7l @ golth ol ahuig v

A= 12K

Fig. 10. Microstructures of char and virgin area.

(A) Char area (B) Virgin area

fabrico] <+ 3l#i Axj@}. 3K 8HS9 3K
twill- & ¥ wal By 3K 8HSY} Abwpakre =&
AANE FAo] Yolvt g Feie | AR
& 3zalrh. o]i= fabrice] 2 zFE xzlolo g
A Yoyt Ao w fabric HEFHE A
twill % 2] & tow®] crimping point”} 8HS E v}
WO crimping pointol) Al Abulzl Al sk
o‘_;)o“},q 7‘8»}]}5\340] ARA dAdERoR A
ZrE o} Fig. 102 char 3 9(A)¥ 2y Ed
(B} fiberE& HojZF 1ot} Char 0304
3oAUE el MEezel wAgte

Fig. 11. Microstructures of carbon fiber (3K 8HS)

at eroded area in carbon/phenolic composite after

static test.
(A) Cut-off shape (13) Mixed shape by direction
(C) Needle shape



©

A5 - AT -

B char %39 fiber7}
HE pull out¥o] UYL&

Fal=4
o]+ char 9494 Oﬂ H fiber ¢} ZJ
= A

e N

~y
Hz:zc*

HE"J"XOI "4‘# R4S °~%
th AtupEo) A o] B fe
°ﬂ 45}3\94 AarE Aoz

2% 24 A4 B9
fabrice] A ZF e} tow size
o, Tgte] oat v AZA A
oM 4oz dviy
ol ey #Hle =%
vEb o w(Fig. 11-B, C),

Aol Bk sty e W
2ol @b (Fig. 11-B) &

L
o
!
i

>

m_l)i

s

"

L)
L

SV < O R < R TR
>im104>1

-{mf‘lg&

b

_(’)(_4‘

N

1> )

4n ok ?

dgr |o

o FU H r{rz "
Jo 2

}u

o

=3

MEes 4 Ave
A)ol s 40% Fal of
ssioe.nl, 602 AuA] o 55-6
£ 4o P 1204 wsol
SKETH &2 8 WU 4450l

Epstor, 3KFol M &= twill 7+ 3

o &£
© o

271
30CH
0C A
12K 7}
w=A o
7} 8HS 5.t}

w
=]
=
:40 _‘% I'.E ig >

100(

80 - =

12K8HS
60

40

Temperature ('C)

20

20 40 80
Time (sec)

Fig. 12. Back side temperature profiles of nozzle
after ground static test.

F 5CAHE ZHoh old MWHer H5e Y
AH9 EFH9 charol 9] 23 2} (transpi-
ration cooling)ol] 9j&] AAH o]z}t 3K}
12K 8HSHE gt & vjuwsj 2l 12K ¥asdf
o BAE % & FHLEL By ol
Table 4& %3t % of charol] ¢Jsjrx A=
t}. Table 40l A char+erosion& FH A £ o] 4f

vhelA] - W I PANZA &4 % & ©] &% Carbon/Phenolic 3} )2] - 347
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