
Three nose t ip  r r rode ls  tha t  were  tes ted  in  the
Ai r  Force  F l igh t  Dynarn ics  Labora tory  50  MW ab la-
t ion  tes t  fac i l i t y  were  s tud ied  w i th  respec t  to  the i r
rn ic ros t ruc ture  and fo r  ev idence o f  t rans format ion
of  g raph i t i c  carbon to  l inear  carbon fo r rns .  Two
were  994 graph i te  and one was a  GE ZZ3 rnu l t i -
d i rec t iona l  carbon-  carbon cornpos i te .

The sec t ioned nose t ips  were  rne ta l lograph i -
ca l l y  po l i shed and ion-e tched w i th  xenon spec i f i -
ca l l y  fo r  exarn ina t ion  in  the  scann ing  e lec t ron
rn ic roscope.  A  low- rnagn i f i ca t ion  overv iew o f  the
c r o s s - s e c t i o n e d  n o s e  t i p  i n d i c a t e s  t h a t  r n i c r o -
s t ruc tu ra l  changes occur red  near  the  ab i .a ted  sur -
face .  The l igh t  a reas  in  the  rn ic rographs  ind ica te
h igher  secondary  e lec t ron  ern iss ion  and the
presence o f  l inear  carbon po ly rnorphs .  These l igh t
areas  óccur red  no t  on ly  in  bands  across  the  top
(ab la ted  sur face)  o f  the  spec i rnen bu t  a lso  in  depth .
H igher  rnagn i f i ca t ion  c lear ly  shows the  s ign i f i can t
rn ic ros t ruc tura l  d i f fe rences  tha t  ex is ted  fo r
rna ter ia l  200 to  300 ¡ r " rn  be low the  top  sur face .
T h e r e  i s  a n  a b s e n c e  o f  l a r g e  p o r e s  a n d  a n  i n d i c a -
t ion  o f  co lu rnnar  s t ruc tu re ,  bu t  th is  reg ion  s t i l l  had
the  e tched s t ruc tu re  ind ica t ive  o f  g raph i te  basa l
a l ignrnent .  A f fec ted  mater ia l  occur r ing  in  bands  to
a  depth  o f  500 prn  had rn ic ros t ruc tura l  charac ter is -
t i cs  s i rn i la r  to  tha t  occur r ing  a t  the  sur face .

The dif ferent carbon forrns (e. g. ,  graphite,
diarnond, lonsdaleite, and chaoite) have charac-
terist ic carbon negative ion spectra, as observed
in the Ion Microprobe Mass Analyzer (IMMA),
and the signal intensity rat io for C)/CA is the
rnost diagnostic feature for the car-boniorrns [1].
The syrnbol C] refers to a rnolecule for x carbon
atorns with a single negative charge. The abso-
lute Ci intensity for a1l the linear forrns is at
least three orders of rnagnitude greater than the
Cl signal frorn graphite ór g".pl i i t"  material.  By
rnéans of the C-2 and Cf, signals, prof i les can be
obtained that sh-ow the Aistr ibution of the l inear
forrns. Cornplete negative ion epectra can be
obtained at particular points to obtain a rough
¡rreasure of the extent of transformation, and in
sorrre cases, to identüy the l inear carbon form.

A genera l  IMMA search  over  the  nose t ip
sections revealed that sorne of the graphit ic rnate-
r ia l  t rans for rned to  the  l inear  carbon fo r rns  and
were  in  a  th in  layer  a t  the  top .  Pro f i les  o f  C l  and
Ci, start ing at the surface and extending axial ly
do;wn the section, indicate that the layer of exten-
sive transforrnation was approxirnately 300 ¡rrn
thick and that the concent¡at ion of the l inear forrns
died away very rapidly beyond this depth, except
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for isolated regions at depths of about 400 to 500 ¡rrn.
These pro f i les  cor respond to  the  rn ic rograph ic
resu l t  o f  banded rn ic ros t ruc tura l  reg ions .  Cornp le te
negat ive  ion  spec t ra  taken a t  se lec ted  po in ts  a long
the profi le conJirrned the results indicated by the
CZ/C¿ ra t io .  The pro f i les  ob ta ined on  the  994
graph i te  and the  GE carbon-carbon cornpos i te  were
essential ly indist inguishable with regard to both
d is t r ibu t ion  and ident i t y  o f  po ly rnorphs .  A lso ,  the
carbon-carbon cornposite { iber orientát ion had no
effect on the transforrnation, and the rnatr ix behaved
the  sarne  way as  the  f ibers .

A very l imited electron dif fract ion study of sarn-
ples taken frorn the nose t ip showed that carbon XII
was forrned at the ablat ing surface, carbon VII and
XI formed in the f irst 50-¡rm thick layer, and chaoite
was forrned -200 prn below the surface. However,
the nose t ip was not quench-cooled; therefore, these
rnay not be the carbon forrns that existed while the
nose t ip was under test condit ions.

Stud ies  on  the  e f fec t  o f  quench-coo l ing  carbon
tha t  was  heated  to  -3800 K by  laser  heat ing  on  car -
bon showed that, when a sarnple was al lowed to cool
by  jus t  tu rn ing  o f f  the  laser ,  there  ex is ted  a  layer
of l inear polyrnorphs about 280 to 300-¡rrn thick,
sirni lar to that found on the nose-t ip sections. The
average coo l ing  ra te  invo lved here  was *2000oC/sec .
I f  the  sarnp le  was quenched (coo l ing  ra te  - ,30 ,000"C/
sec), the l inear forrns were found to a depth of about
2400 prn, and there was evidence that the transfor-
rnation was rnore extensive when the sarnple was at
3800 K.  S ince  the  nose t ips  showed nor rna l  behav io r
with regard to l inear polyrnorph forrnation, there is
good reason to  be l ieve  tha t  perhaps  1 .5  to  2 .4  rn rn  o f .
o f  the  nose t ip  cou ld  be  t rans for rned under  reent ry
condit ions. The exact arnount would, of course,
depend on the ternperature gradient in the nose t ip.

There is sorne evidence that the rate of trans-
forrnation is not the sarne for al l  forrns of graphit ic
carbon.  In  a  two-phase carbon,  the  f i l l e r  appears
to transforrn faster than the binder. Consequently,
an analysis of the f inal slow-cooled nose t ip gives
very l i t t le insight into the course of events that
occur in the carbon during the heating and cool ing
phases  dur ing  reent ry .
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