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lntroduclion

Surfoce properties of corbon fibers ore of
technologicol importonce to rocket nozzle
monufocturing ond performonce. These properties
could influence the odhesion of on impregnont to the
fiber surfoce during the eorly stoges of billet
morufocturing, or they moy hove o direct impocl on
nozzle reccssion rotes during octuol rocket firing.
Most of the sr¡rfoce oreo studies on corbon fibers
hove been determined from the odsorption
meosurement of N2 or Kr ot 77 K ond the use of the
Brunouer Emmett ond Teller (BET) equotion.
Depending on the ottgosing tenperoture or heot
treotment, e.g., grophilizotion, the surfoce oreo of
the finol fiber moy chonge. The objectives of the
present work were¡ (l) to explore the effect of some
of lhese porometers on selecled corbon fibers, ond,
meonwhile (2) to construct o new focility ot the
AFRPL copoble of generoting o new doto bose for lhe
surfoce properties of corbon fibers ond corbon-corbon
compos¡tes.

Experimentol

A lvlicromeritics Digisorb 2500 opporotus wos
used to meos{rrer the N2 ond Kr BET sr¡rfoce oreos of
the fibers ond io perform fhe pore size distribulion
onolysis. Briefly, o known weight of^the fiber (12-15
g) wos evocuoled overnight ot 150'C prior to the
odsorption meosrrrements. The equilibrium times for
the first 2 ond the lost 4 doto points were 55 ond 30
minutes, respeclively. Shorler equilibroiion intervols
(10-12 minutes) did not offect the results. The
odsorption meosrrements ot 77K were continued up
to o relolive pressure of 0.2, ond the pET equoiion
wos used fo comPute the surfoce oreo: I

wos odopted to compute pore volume ond internol
surfoce oreos of the mesopores, i.e., pores hoving
diometers of 2-60 nm. Severol ottempls were olso
mode to determine the volume of pores hoving
diomelers ) 60 ññr from mercury intrusion
meosureménts, using on Amirrco 601000 porosimeter.
The fibers used in fhis study, supplied by the Union
Corbide Co., were unsized T-300 (Poly Acrylo
Nitrite; PAN) ond VSB-32 (piich). These ore
referred to here os the os-received (A. R.) fiberq. A
portion of these fibers were grophitized ot 2700t in
orgon for l5 minutes. Toble I disploys the physicol
propert¡es ond chemicol onolysis of the fibers before
ond offer groptrltizotion. Grophitizotion increoses
the density-,á (g/cc), reduces the osh content ond
procticolly eliminotes the nitrogen. By knowing fhe
overoge diomeler, d (nm), of the fiber orúrP ,the
Geometric Surfoce Areo (GSA) wos colculoted os:

csA (m?ls) = 4000ldf (2)

Res¡lts ond Discussion

Volues of N2 ond Kr BET surfoce oreos os well
os the GSA ore s.¡mmorized in Toble l. The results
indicote thor¡ (l) oll the fibers hove o smoll BET
oreo of oboui 0.5 mZlg, (21 these fibers moy be
considered, in generol, os non-porous moteriols, (3)
grophiiizotion of the os-received fibers does not
óffect the BET oreo, (4) the rotios of BET/GSA ore
1.5 for the PAN fiber ond 3.35 for the pitch fiber'
ond (5) the Digisorb 2500 opporotus is relioble for
meosrring smoll volues of surfoce oreos. The
results obtoined for pore size onolysis show thot: (l)
the totol mesopore volume for oll fibers is very
smofl; 0.0014-0¡0022 cclg, (2) groPhitizotion does
not significontl¡r offect the pore struclure; it
neither'opened ony of the closed pores nor collopsed
the existing ones, (3) smoller pores contribute more
lo lhe internol surfoce oreos thon lorger ones, ond
(4) lorger pores contribute more to the totol pore
volumC. lt is otso noted thot the totol surfoce oreo
inside the pores is essentiolly the some fo¡ both
fibers ond omounts to 0.5 m2/9. This is equivolent
to the BET volue given obove. The results obioined
from mercury porosimetry ore shown in Figure l.
As the pressure, opplied lo force mercury obove ihe
somple, wos increosed, the opporent volume of
mercury intruded kept increosing up to 800 -pliot
Thereoiter, lhere wos no penetrotion up to 60'000
psio. The increose in volume penetroted up to 800
psio would suggesf the presence of rnocropores
hoving o corresponding equivolent pore diometer
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*i)r" v'¡. til t"t"iLrrme (ot srP) odsorbed ot on
equilibrium pressure P, Po is the soturofion Pressure
of odsorbote. C is o conslont, ond Vm is theof odsorbote, C is o conslont, ond Vm is the
monoloyer volume. Assuming the oreos occupied by
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Assuming the oreos occupied by
). 162 nm2 for N2 ond 0. 195 nm2orie gos molecule os 0. 162

for Kr. the volue of Vmfor kr, the volue of Vm wos used to compute the
surfoce oreo of the fibers. ln order fo perform the
pore size distribution omlysis, lhe odsorption ond
desorption isotherms in nitrogen ot 77K were
obtoined ot P/Po = 0.050 - 0.985. For eoch fiber,
both isolherms coincided; ttr.rs indicoting thot the
fibers hove little porosity. The fiber Pores were
ossumed to be cylindricol,'ond the Kelvin'egtrction I
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Pitch
2K
r 0990
2.t28
2.t82
0.  t5
99.78
0.07
.001
0.0036
0.02
0. t7

Type of fiber
# of filoments
Diometer (nm)
Density (S/cc¡ b
Mercury density (g/cc) c
Moisture % r
c %
H %
N %
S %
Ash %
o%

PAN
3K
6 t50
t.743
t.7 67
0.0s
95.t7
0.09
4.77
.0062
. t 0
. l

P¡tch
2K
t0670
2.037
2.022
0.04
99.58
0.08
0.007
0.64
0.05
0.2 |

PAN
3K
58 t0
t.880
t .881
0.  t0
99.56
0.03
.001
0.0 t7
.08
. l

Kr BET (m2¡n¡
Stondord deviotion
N2 BET (m2ls)
Stondord deviotion
Averoge BET (r¡2lg¡
GSA (r¡z7n¡
BET/GSA (rotio)

0.s8e(4) d
0.048
0.s t4(s)
0.009
0.s52
0.37
t .49

0.s76(4) d
0.02t
0.s3r(5)
0 .015
0.5s8
0 . t 7
3.28

Totol Pore Surfoce oreo; 20-600Ao(m2lo)
Pore Surfoce oreo; 2G.5QAo(¡¡2lq¡
Pore Surfoce oreo; l50-300Ao(m2lq)
Pore Surfoce oreq 30G6001o(m2lói
Toiol Pore Volume; 2O.600AoC(ccIs)
Pore Volume; 2G5OAo(cclq) 

-

Pore Volume; 5& l50Ao(cc7q)
Pore Volumc¡ | 5$300Ao(cc7g)
Pore Volume; 300-600Ao(cc/é)

0.44
0. t8
0.07
0.05
0.00 | 390
0.000t t9
0.000335
0.000331
0.000605

0.64
0.25
0.  t3
0.06
0.002245
p.000 | 9 I
0.000479
0.000532
0.00 | 043

0.49
0. t4
0.07
.06
0.00 | 427
0.000186
0.000320
0.000348
0.000573

0.50
0.  t6
0 .  t2
0.0s
0.00 I 796
0.000 | 33
0.000396
0.000636
0.000631

o. As Received b. From density grodient techniques
d: porenlhesis indicote m¡mber of runs 

-

equiv. lont pora di . .ctar (¡ lcro¡s)

I 0  I . o  o . I  o . o l

c. ot 60,000 psio

the true densily of the fibers; provided thot lhe
volume of micropores con be neglected. These
volues ore presented in Toble I olonq with those
defermined from density grodient lecñniques using
chlorobenzene os o solvent. Agreement between bofñ
volues is occeploble which conf irms thot the
m¡cropore volume of these fibers is very smoll.
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Figure l .  l ' , lercury.porosirnetery data for pitch
and PAI{ f ibers.

greoter thon 5000 nm (0.5-3 microns). This does not
seem to be fhe cose becouse when eoch fiber wos
exomined using sconning electron microscopy, the
surfoce wos smooth ond there wos no indicoiion of
the presence of such lorge pores. Therefore, the
penelrolion con olly be ottributed to ihe meicury
being forced to fill ihe voids between the fiber
filornenfs. Nevertheless, the finol volues of
penetrotion ot 601000 ps¡o con be used fo colculote

Conclusions

For both pitch ond PAN fibers exomined here,
whether os opplied by the monufocturer or oftei
grophitizotion to 2700t, fhe BET surfoce oreq wos
essentiolly the some¡ 0.5 m2lg. The volumes of
micro-ond mesgores ore negligible. Thus, when
these fibers ore rubjected lo the severe rocket nozzle
firing conditions, the chemicol reoction toking ploce
between the propellont exhoust gos species ond'f¡ber
is nol controlled by the diffusion of the reocting
species to some point undemeoth the fiber sr¡rfocel
This suggests fhot for the chemicol recession of
fibers in o rocket t:rizzle, the reoclion is controlled
by either lhe chemicol reoctivity of the fiber or by
diffusion of reoctonts from the moin exhoust sireom
to the outer surfoce, or o combinotion of both. In oll
coses, the chemicol reccssion iokes ploce only oi the
externdl surfoce of the fiber.
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