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I  n t roduct i  on

.  The h igh-pressure- impregnat ion-carbon iza t ion
(HPIC)  cyc le ,  deve loped a t  Y- '12 ,  was  des igned to
densify carbon-carbon composites by impregnat ing
wi th  p i tch  and carbon iz ing  a t  r  ]00  Mpa iñ  a  ho i -
gas  au toc lave .  The . l00  

MPa pressure  was u t i ' l i zed
s ince  th is  was the  max imum opera t ing  pressure  o f
the  ex is t ing  vesse l .  Cons iderab le  d iscuss ion  has
developed as to the effect of  pressure durinq im-
pregnat ion  and carbon iza t ion .  Compar ison o f -dens i -
f i ca t ion  a t  

. l00  
MPa wi th  low-pressure  impregnat ion

(3  MPa)  and a tmospher ic  p ressure  carbon iza t ion  in -
d ica ted  a  doub l ing  o f  the  cok ing  y ie ld .  A  cor res-
ponding decrease in the number of cycles needed to
obtain the desired composite density was observed.

A ho t -gas  au toc lave  w i th  capab i l i t ies  to  200
MPa at 650"C has recent ly been made operat ional at
Y-12.  Th is  new vesse l  i s  des igned to  eva lua te  the
effects of pressure on the densif icat lon of carbon-
carbon composites.

The f i rs t  s tage in  th is  inves t iga t ion  was to
prov ide  a  d i rec t  compar ison  o f  iden t ica ' l  b i ' l ' l e ts
processed at . |00 

and 200 l4Pa. porous carbon bi l lets
were employed to determlne project feasibi l i ty be-
fore more expensive 3-D woven bi l lets were
processed.

Presentat ion of Experimenta' l  l ,Jork

- -  The HPIC cycle has been used to densify woven,
3-D carbon-carbon composites for several  years.
The standard cyc' le (shown in Figure l )  usés a pres-
sure of n,  . |00 

MPa for impregnat ion and carboni iat ion
purposes. There has been much discussion as to the
necess i ty  o f  us ing  100 MPa in  th is  cyc le .  Low-
pressure  impregnat ion  ( r  3  MPa)  w i th  carbon iza t jon
at  a tmospher ic  p ressure  w i l l  y ie ld  a  par t  o f  approx-
imate ly  the  same f ina l  dens i ty  bu t  w i i l  requ i rb 'Z -3
t imes the number of cycles. The effect of  using
h igher  p ressures  has  no t  ye t  been ana lyzeo.

The in i t ia l  s tage o f  th is  p ro jec t  was  to  inves-
t igate the effects of 200 MPa impregnat ion and car-
bon iza t ion  on  the  dens i f i ca t ion  o f  éarbon-carDon
compos' i tes. The f i rst  stage was to use porous
carbon as the sample mater ia ' l  to approximate the
amount  o f  poros i ty  o f  woven b j l le ts .  S ix  porous
carbon b i l le ts  (130 mm d ia .  x  . |80  

mm long) 'were
procured w i th  smal l  p ieces  o f  s tock  to  serve  as
s a m p l e s .  A l l  s i x  b i l l e t s  w e r e  l a b e l e d ,  i n d e x e d ,
measured, and weighed before being heat treated to' r ,  2900oC.  Th is  s tep  assured tha t  a l  t  b i l ' l e ts  had
been heated to a temperature higher than the high-

F ' igure  l .  HPIC CYCLE.

est temperature to be used in the densif icat ion
process .  The bu lk  dens i t ies  measured a f te r  th is
heat treatment ranged from l . '13 to 

'1.26 gmlcm3.
ig ¡_ the  f i rs t  compar ison  tes t  w i th  lS-V p i tch ,  two
b i l le ts  wh ich  had approx imate ly  the  same'bu lk  dens i ty
were  chosen.  One b i l1e t  (HP-s)  was to  be  dens i f ied  

-

y t jng . the  s tandard  HPIC cyc le  (F igure  l )  and the  o ther
( t lP-2) ,us ing  the  u l t ra -h igh-pressure  impregnat ion  and
carbon iza t ion  (UPIC)  cyc le  (F igure  Z) .  lhé  UpIC cyc le
crosety  approx imates  the  HpIC cyc le  except  tha t  the
pressure was doubled.

F igure  2 .  UPIC CYCLE.

.The graph i t i za t ion  cyc ' le  was the  s tandard  cyc le
used fo r  nose- t ip  p re fo rms (F igure  3) .  A l thoug"h- tñere
rs  reason to  be l ieve  the  porous  carbon b i l le ts -wou ld
not  surv ive  severa ' l  o f  these graph i t i za t ion  cyc lá i , -
this cycle was employed for cómpárison purposes.
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For  the in i t ia l  phase of  the program, two im-
p regnan ts  we re  used -A l l i ed  Chemica l ' s  CP-277 -
l 5V  ( coa l  t a r  p i t ch )  and  Ash land rs  A -240  (pe t ro -
l eum base  p j t ch ) .  The  base - l i ne  impregnan t  f o r
t he  A i r  Fo rce  nose - t i p  dens i f i ca t i on  p rog ram i s
15 -V  p i t ch .  The  A -240  p ' i t ch  has  a  h ighe r  su l f u r
c o n t e n t  a n d  a  l o w e r  c o k i n g  y i e 1 d .  T h e  b i l l e t s
were  to  be  dens i f i ed  w i t h  each  p i t ch  i n  each
l r r n o  n f  ¡ r ¡ ¡  l  o
e J H e  v l

The data der ived f rom measurements of  the
b i ' l l  e t s  a re  g i  ven  i  n  Tab l  e  I  .  I t  shou ' l d  be  no ted
that  the coke y ie ld in  the can vvas approximately
the same for  both the HPIC and UPIC cycles for
the same type of  p i tch.  The A-240 coke y ie ld was
n ,  6  w t  % less  t han  tha t  o f  l 5 -V .  F rom these
da ta ,  t he  UP IC  cyc le  gave  a  s l i gh t l y  h jghe r
we ' i gh t  ga in  t han  the  HPIC  cyc le .  The  s l i gh t
compac t i on  o f  t he  b i l l e t  i n  t he  UP IC  cyc1e ,  wh i ch
i s  a l l e v i a t e d  i n  t h e  g r a p h i t j z a t i o n  c y c l e ,  i s  n o t
apparent tto* tub,.,",1,.
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F igu re  4 .  HP-2  AFTER F IRST CYCLE UPIC .

Figure 5. HP-s AFTER FIRST CYCLE HPIC.
w i th  four  d i f fe ren t  p i tch  typess  A-240,  A l ' l i ed  l5 -V,
30M and Koppers  p i tch  made to  l5 -V spec i f i ca t ion .  Th is
approach w i ' l l  de termine  the  reproduc ib i l i t y  o f  th is  phe-
nomena and i ts dependence on pi tch propert ies.

The effects of the 200 MPa process on densif jcat ion
of typical  woven three-dimensional orthogonal (3-D) com-
pos i tes  w i l l  a lso  be  repor ted .  The program inc ludes
dens i f i ca t ion  o f  severa l  3 -D b i l le ts  and compar ison o f
the  mic ros t ruc ture  ob ta ined in  each cyc le  w i th  match ing
b i l le ts  p rocessed in  the  s tandard  100 MPa process .  The
ef fec t  o f  s ign i f i can t ly  inc reased pore  s ize  o f  the  3-D
b i l le ts  as  compared to  the  porous  carbon b i l le ts  w i l ' l
there fore  be  de termined.  Th is  w i l l  p rov ide  the  f i rs t
rea l  m ic ros t ruc tura l  examinat ion  o f  sequent ia l  dens i f i -
cat ion of carbon-carbon composites at these pressures.

The deve lopment  o f  sma ' l l  sphero ids  in  the  normal ly
la rge  poros i ty 'o f fe rs  an  a t t ra t t i ve  op t ion  fo r  ta i lo r ing
the  compos i te  mic ros t ruc ture .  The cur ren t  dens j f j ca t ion
process attempts to f i l l  the pore from the pore wai l  in-
ward  v r i th  sequent ia l  depos i ts .  Th is  p rocess  resu l ts  in
a  d i s t r i b u t i o n  o f  p a r t i a l l y  f i 1 1 e d  l a r g e  p o r e s .  I n h i b i -
t ing  mesophase coa lescence to  re ta in  sphero ids  wh ich
break up the large porosi ty into a number of smal l  pores
wou ld  p rov ide  no t  on ly  improved dens i f i ca t ion  poss ' ib i l i -
t ies  resu l t ing  in  h igher  dens i t ies  w i th  fewer  cyc les  bu t
a lso  improved ab la t ion  per fo rmance.  As  ab la t ion  is  con-
t ro l led  by  poros i ty  s ize  and d is t r ibu t ion  ra ther  than
density per se, the f ine evenly distr ibuted porosi ty
demonstrated in the 200 MPa results may signi f icant ' ly im-
prove perfonnance, part icular ly transi t ' ion behavior,  . in
aerospace appl icat ions. The fact that the second cycle
microstructure does not show this behavior may indicate
a process composed of decreasing pressures with subsequent
cycles. A process of this type could opt im' ize perfor-
mance,  dens i f i ca t ion ,  and cyc le  cos t .
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As shown in  F igures  4  and 5 ,  carbon iza t ion
at  200 MPa appears  to  inh ib i t  mesophase coa les-
cence. This phenomena has been observed on both
porous carbon and very f ine porosi ty chopped
f i b e r  m a t e r i a l s  u s i n g  A l l i e d  i 5 - V  p i t c h  a s  t h e
impregnant.  However,  uncoalesced mesophase
spheroids were not observed in the porous carbon
b i l le ts  a f te r  the  second UPIC cyc ' le  us ing  15-V
p i tch  and in  any  runs  us ing  Ash land A-240 p i tch .
Experiments wi l l  be reported which were done at
200 l ' |Pa with four ident ical  Dorous carbon bi l lets
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