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Introduction
The lncreased uti l izat lon of recently developed

carbon f iber reinforced carbon compositesr cal led
carbon-carbons, has htghl ighted the need for physicalt
mechanical and therrnal propert ies of carbon f ibers
at temperatures up to 2800oC. This work describes
the experimental data col lected on six carbon f ibers.

Experimental
The f ibers selected for this study were:

Thornel-50 (Union Carbide Corp.)
Thornel-75 (Unlon Carblde Corp.)
VS0022(Pf tch)  (Un lon  Carb lde  Corp . )
CX-z (Polycarbon, Inc.)
HM-1000 (Hercu les ,  Inc . )
Hl,f-1000 (2400oC) (Hercules, Inc. )

Dens l ty ,  den le r ,  acous t ic  modu lus ,  and e lec t r i ca l
resl,st ivl- ty srere determlned for each spool of f iber
using standard techniques.

To deterrnlne the effect of gauge length on the
tensl le strength of the bare f iber (not coated with
epoxy resin), twenty tensl le tests were conducted
for  each yarn  a t  gauge lengths  o f  1 .3 ,  2 .5 ,  5 .L ,
L O . 2 ,  2 0 . 3 ,  4 0 . 6 ,  a n d  8 1  . 3  c m .

The effect of four thermal cycles up to 2800oC was
deterrnlned by.measuring the density (p) and denier
(D) of three of the f ibers after thermal cycl lng.
The resuLts were compared to the density (os) and
denier (Do) col lected on f iber wlthout heat treat-
ment .

Tensi le strength and modulus of the f ibers at high
temperatures qtere measured by conducting tensi le
teats on bare f iber inslde a graphfte tube furnace
capable of 2800oC. Values at each test temperature
r¡¡ere compared to the room temperature values for
that f lber. Addlt ional room temperature tests qrere
conducted on f iber samples that \"¡ere precondit ioned
by varl-ous numbers of 2800oC thermal cycles.

The longitudlnal thermal expansion of the carbon
flbers was determined by measuring the movement of
f lags attached to f lber^sarnples heated ln four con-
secut ive  cyc les  to  2800"C.

Results
T.b1" 1 shows the results of the density, denier,

acoustlc modulus and reslst l-vi ty measurements on the
fibers. The wlde range of values was ln the modulus
whLch was 37  GPa (5 .4x10D pso)  to  503 GPa (72 .9x10o
ps i ) .  Tab le  2  shows the  e f fec t  o f  therna l  cyc l ing
on the denslty and denler for three f ibers. The den-
sity of Thornal 50 and 75 lncreased by 4.4"/" and CX-2
increased onLy L%. Conversely the denier decreased
by 47. and 7% for Thornel-5O and Thornel-75' respectl-
vely. The denier of CX-2 decreased by 35%.

It was found that the measured tensl le strength of
the f ibers decreased as the gauge length of the test
lncreased (Flgure 1). HM-1000 was affected most by
longer  gauge length '  -72"Á (1 .27cm to  81 .3cm)  cornpared
to -297" for VS0022. l lhen the tensl le strength of
Thornel-50 $tas measured at elevated temperature (Fig-

ure 2), i t  was found that t ,he strength dropped off
by L0% at 1100oc but lncreased at 2200oC to 102 ¡rore
than the room temperature vaLue. After the naximum,
the strength dropped to 45% of room temperature
strength at 2800oC. The modulus of Thornel-5O (Ftg-
ure 3) ¡úas a constantly decreasing functlon of test
tenperature wlth only 207" of. the room temperature
modulus remainlng at 28OOoC.

The tensl l-e strength (at 24oC) of Thornel-50 was
measured on f iber which had been heat treated by It
2, 3 and 4 cycles to 2800oc. Flgure 4 shows that
the ¡nodul-us r¡as unaffected by even four cycles. The
tensi le strength, however, decreased by 35% after
four cycles. 0n simllarly heat-treated f iber saqler
of Thornel--50 the ther¡ral expansion along the fiber
axj.s was measured. Flgure 5 shows the thermal ex-
pansion of a f lber saruple heated by four consecutive
cycles to 2800oC. Thornel-5O shrinks sharply on the
first, cycle and then expanded norrnally for the secondt
third and fourth cvcles.

DLscusslon
As was shown ln Table 2 the density of Thornel-5O

increased by 4.4% and the denier decreased by 47".
ThLs corresponds to an LL% decrease ln f i lament dl-
ameter and a 2L"A decrease in f i larnent cross-sectlonal
area after four 2800oC cycles. Tabl-e 2 showed that
the density of CX-2 lncreased by 1% and the denier
decreased by 35% whlch translates into an 182 de-
crease 1n filarnent dlameter ar.d, a 327" decrease in
f l lanent cross-sectlonal area after four 2800oC
cyc les .

Fl-gure 1 showed the effect of gauge length on the
bare f iber tensl le strength. As expected the tensl le
strength of each decreased as the gauge length ln-
creased; however, some f ibers had a larger negatlve
slope than others. Hl ' t  f iber had the largest slope
and Thornel-75 the snal lest.

I lhen the tensi le strength of Thornel-SO was measur-
ed at various temperatures up to 2800oC, i t  v¡as fouod
that the maxfmum strength occurs at 22O0oC, Above
that temperature the strength drops sharply as the
graphite crystal l i tes become plastic. However in the
case of the rnodulug t¡hich is a constantly decreas-

ing function of temperature' the slope of the l ine
f rom 0o to  1950oC was -0 .40  and -1 .85  f rom 19500 to
28000c.

It  was seen 1n Table 2 that Thornel-5O experienced
an lncrease 1n denstty after four cycles to 2800oC.
Figure 5 lndlcates most of thls increase occurs dur-
lng the f lrst cyele when the f iber undergoes shrink-
a g e .

Surnmary
It can be concluded from thls study that on heat

treatment to 2800oC Thornel-50, Thornel-75 and CX-2
lncrease in denslty and decrease in denfer. The
tensl- l"e strength of al l  f ibers tested decreased as
the gauge length of the test increased. I .r lhen the
Thornel-50 \úas tested at temperaturee up to 2800oC,
1t was found that the f iber r^7as stronqest at 2200oC.
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Fiber nodulus aÉ 2800oC wae only 201l of roou
temperature nodulus. Thornel-SO strength decreased
when repit l t lously cycled to 2800oC, whereas the
rnodulus was unaffected. Any finally, it was fotmd
that Thornel-5O shrlnks on the fÍrst cycle to 2800oC
and then expands on the second, third and fourth
cyc les .
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Table I - Carbon Fiber Physfcal Properties

Rtn PlPo 0/00
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cr-2 1.010 0.¡fl

Table 2 - Density and Denier Ratios After four cycles
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FLg 2 - Thornel-SO Tenefle Strength vs Teqerature
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Fig 3 - Ihornel-50 l,lodulue ve Temperature
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Fig 4 - Thornel-SO Strength and Modulus as a
functlon of Therr¡al Cycles
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Flg 5 - Thornel-50 Thernal Expansfon as a
FrmctÍon of Thernal Cycles
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