
l -  Int roduct ion

Current ly  many diverse f lu id d isplacement

procedures 
" tL "*ploy"d 

to measure carbon/graphi te

t i be r  dens i t y .  C ross  re fe renc ing  o f  ava i l ab l e

f i be r  dens i t y  da ta  i s  d i f f i cu l t  due  t o  t he  use  o f

d i f f e ren t  t es t  f l u i ds  and  t he  l ow  p rec i s i on  asso -

c i a ted  w i t h  some  techn iques .  P rec i se  f i be r

dens i t y  va l ues  a re  r equ i r ed  f o r  ae rospace  app l i ca -

t ions io insure f inal  part  densi ty uni formity

and  t o  de te rm ine  co tpo l i t e  vo i d  f r ac t i ons '  The

dens i t y  g rad ien t  p rocedu re  desc r i bed  i n  t h i s  pape r

"a,  
d"*r" loped at  ihe Lockheed Palo Al to Research

Laboratory ( IPARL) Ln L975 and subsequent ly t rans--

f e r red  t o  t he  I I i t co  Co rPo ra t i on  i n  Ga rdena ,  Ca l i f '

a s  a  s t anda rd  t es t  p rocedu re  f o r  ca rbon  f ab r i c

CCA3-1641B. The procedure fo l lows the general

"r l i i " .  
of  esfu- fbO5 \47i th speci f ic  techniques

employed to make i t  d i rect ly  amenable to carbon/

; ; ; h í ; "  f i be r  ana l vs í s .  A l l  o f  t he  p rec i s i on  and

á"" , r t t "y data presented was generated on exper i -

mental  carbon fabr ic.  The commerciat  fabr ic is

used extensively throughout the aerospace industry

w i t h  pheno l i c  r l s i n  Eo  p roduce  ab la t i ve  compos i t e

hardware.

2.  Exper i rnental

Speci f ic  equipment and procedures not  speci-

f i ed  i n  t he  ASTM-1505  p rocedu re  a re  p resen ted '

Column PreParat ion,  Ref.  F igure 1

Benzene ,  p  =  o ' 8794  g rns / cc  and  1 ' L . ' 2 ' 2 '

Tetrabromoethane (TBE) ,  Q = 2.9638 gns/cc are the

f lu ids used to produce a gradient  column wi th the

app rop r i a te  dens i t y  r ange .  Spec i f i c  ma te r i a l s

emp loyed  a re  as  f o l l ows :

o Fyrex tube,  heavy wal l  r ¡ i th c losed end'

1 6 0  c n  h i g h  x  2 . 5 4  c m  I . D .

o  Baske t ,  c y l i nd r i ca l  shape  2  cm h igh ,  f ab -

r icated f rom ¡¿ 40 rnesh copper screen,  sof t

so l de red .
o  Cha in ,  1 /8 t t  r ound  bead  s ta i n l ess  s tee l ,

e 7 cm diameter x t5 cm long drum at tached.

o  Mo to r  speed  con t ro l ,  M ina r i k  mode l  SL -14 .

o  G lass  dens i t y  f l oa t s ,  SGA D-1190  f r om SGA

S c i e n t i f i c  I n c . ,  7 3 7  B r o a d  S t . ,  B l o o m f i e l d '  N .  J '

o l " Ie ler  tape,  150 cm long purchased f rom

any  ya rdage  s to re ,  doub le  back  t aped  t o  co l umn

ex te r i o r .

Aluminum components must be avoided due to

chem ica l  a t t ack  by  TBE .  A  co rk  i s  used  t o  sea l

of f  the column l4then not  i r i  use and a s lot ted cork

used  du r i ng  t es t  oPe ra t i ons  t o  r educe  f l u i d  evapo -

ra t i on .  The  con t i nuous  s i phon  p rocedu re ,  pe r

ASTM Me thod  B ,  i s  used  t o  r r bu i l d  t he  co lumnr r '

L iquid f lowing into the column is d i rected to f low

down the bead chain at  a rate of  1 cm column r ise
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pe r  m inu te .  A  d i sc  o f  lÉ1  f i l t e r  pape r  i s  p l aced

i " - t ¡ "  baske t  t o  r educe  sp lash ing .  The  baske t  i s

cont inuously ra ised to maintain i ts  level  con-

s i s t en t  w i t h  t he  r i s i ng  f l u i d  he igh t '  The  co lumn

i s  f i l l ed  t o  w i t h i n  5  cm  o f  t he  t op  and  2  cm o f

pu re  benzene  i s  i n t r oduced  t o  t ' cap  o f f "  t he

column. The column is mounted in a fume hood to

p revenL  excess i ve  exposu re  t o  t he  
-benzene  

vapo r '

No  t empe ra tu re  con t ro l  i s  p rov i ded ;  as  t he  l abo -

ratory temPerature changes the cal ibrat ion f loat

beads  ad jus t  acco rd i ng lY .

Specimen PreParat ion

Care  i s  exe rc i sed  a t  a l l  t imes  t o  i ns l l r e

aga ins t  f i be r  bund le  b reak  up '  Ca rbon . f ab r i c  i s

s lmp led  a t  spec i f i c  l oca t i ons  w i t h  a  l f 2 t t  o r  5 /8 t l

. á i i  ¡ o re r  t bo f .  Loca t i on  i den t i t y  i s  ma in ta i ned

by removing cord segments f rom the disc s ide or

" i d " r .  
A l l  co rd  cu t s  f o l l ow  t he  b ta rp  o r  f i l l

d i rect íon to prevent f rayed edges'  Yarn samples

are about 10 óm long.  Siz ing is  removed f rom the

specimens by exposure to hot  MEK for  epoxy com-

p"ai t tu s iz lng ánd water for  PVA' Residual

moísture and solvent  is  removed by oven dry ing

for  a minimum of  2 hours at  105oc'  Al l  specimens

mus t  be  d r i ed  p r i o r  t o  t es t i ng '  Some  ca rbon

f i be rs  w i t h  t ype  I  i so the rm  po res  may  requ i r e  a

longer dry ing i ime at  temperature and under

.r""úot  to remove al l  of  the residual  moisture '

Af ter  dry ing,  specimens are introduced direct ly

into a b laker $r i th pure benzene and subjected

to a 5 minute ul t rasonic agi tat ion '  The condi-

t i oned  spec imens  a re  i n t r oduced 'd i r ec t l y  i n t o

the column wiEhout a l lowing the benzene to dry

ou t .  Fab r i c  d í scs  a re  s imp l y  d ropped  i n  and

for  yarn samples 3-2 cm lengths of  sample yarn

are tut  above the column and aLlo l^red to drop

into the column. A t imer is  in i t iated at  int ro-

duct ion and 5 minute interval  densi ty values are

measu red  un t i l  equ i l i b r i um  i s  app roached '

3 .  D i s c u s s i o n

The development of  fast  and precise data by

this technique requires insight  into 3 factors

\^th ich great iy  inf iuence f iber response'  These

fac to r i  a re  su r f ace  deb r i s ,  r es i dua l  mo i s tu re

and  t he  i n t e rna l  po re  f i l l  r a t e '  Su r f ace  deb r i s

i s  occas iona l l y  p resen t  on  1ow  f i r ed  ca rbon  f i be r

and is  pr imar i iy  t 'es idual  inorganic compounds

d r i ven  ou t  o f  t he  f i be r  du r i ng  py ro l ys i s  '  Th i s

mater ia l  is  removed by the 5 minute benzene

u l t r ason i c  oPe ra t i on .  Res idua l  mo i s tu re  i s

always pr .sent  in carbon or  graphi te f ibers and

, ra l . L " , ' up  t o  4% by  we igh t ,  have  been  measu red

on  as  rece i ved  ca r l on  t áu ¡ i - c .  The  waEer  mo lecu le

i s  ve r y  sma l l  app rox .  3 .5Á  d i ame te r ,  and  has  a

propensi ty for  penetrat ing deep into the pore

I

) o ?



: i be r  s t r uc tu re .  I f  t he  mo i s tu re  i s  no t  r emoved
r r i o r  t o  t e s t i n g  t h e  h r a t e r  m o l e c u l e s  w í l l  s u p -
: 1an t  no rma l  a i r  vo i d  a reas  wh i ch  canno t  be  pene -
: r : a t ed  by  t he  benzene  mo lecu le ,  wh i ch  1s  abou t
i . 9X  i n  d i ame te r .  S i nce  wa te r  i s  i nso lub le  i n
: enzene  i t  i s  a l so  poss ib l e  t ha t  r es i dua l  q /a te r

: o l ecu les  w i l l  be  pushed  i n t o  sma l l e r  vo i d  a reas
- ^ r -  t he  pene t ra t i ng  benzene .  Res idua l  f i be r  r no í s -
: u r e  w i l l  i n d u c e  h i g h e r  f i b e r  d e n s i t y  v a l u e s .
- s rng  t he  expe r imen ta l  p rocedu re  ou t l i ned  and  a
: 0  m i n r r f e  f e s f  f  i m c .  1 6  s n c e i m c n s  n f  r ¡ e r i e d  e x -
:er imental  carbon fabr ic were tested at  I -PARL and
: re  H i t co  Co rpo ra t i on  t o  de te rm ine  t he  t es t  p roce -
: ' . i r e  p rec i s i on .  The  s tanda rd  dev ia t i on  o f
: i f f e rence  be tween  l abo ra to r i es  was  0 .00208  gms /
: c  w i t h  t he  obse rva t i on  e r ro r  s t anda rd  dev ia t i on
: :  0 . 0 0 1 4 7  g r n s / c c .  T h i s  r e l a L e s  t o  a  6 8 %  c o n f i -
: ence  l eve l  t o  +  0 .00147  gns / cc  and  essen t i a l l y
-C0% con f i dence  a t  +  . 00441  g rns / cc .

The measured f i -ber densi ty accuracy t^ las
:¿ te rm ined  by  f ab r i ca t i ng  pheno l i c  ma t r i x  compo-
= r t e  ha rdwa re  f r om the  same  expe r imen ta l  f ab r i c .
: : gu re  2  p resen t s  t he  measu red  f i be r  dens i t y
, ' e r sus  f i na l  compos i t e  dens i t y  w i t h  a  t heo re t i ca l
-
: : ca l  compos i t e  dens i t i es  we re  ca l cu l a ted  f r om
: : - e  f o l l ow ing  vo lume  ba lance  equa t i on :

6
L ñ U

r . r h a r a  o  =

- l  - l  - 1
=  q  - + o

o r p r  - f p f

w e i g h t  %  o f  c - c o m p o s i t e ,

r - r e s i n  a n d  f - f i b e r

d e n s i t y  g ¡ n s / c c  r e s p e c t i v e l y .

Some sca t t e r  o f  f ab r i ca ted  compos i t e  dens i t y
: aEa  can  be  expec ted  due  t o  i np rocess  va r i ab les
r- : r ich wi l l  a l ter  the natr ix  volume fract ion.

? : i eno l i c  r es i n  s t ag ing  p r i o r  t o  cu re ,  deg ree  o f
: ebu l k i ng ,  b l eede r  c l o th  app l i ca t i on  and  o the r
= :¿11  va r i ab les  can  i nduce  s l i gh t  changes  i n  t he
: rna l  pa r t  ma t r i x  vo l ume  f r ac t i on .  The  t heo re t i -
: a1  ca l cu l a t Í ons  howeve r  assume  a  consEan t  ma t r i x /
: : be r  f r ac t i on  w i t h  no  vo id  con ten t .  The  re l a -
: : onsh ip  demons t ra ted  i n  F i gu re  2 .appea rs  t o
: : r d i ca te  two  s i gn i f i can t  r esu l t s ;  t he  measu red
: : be r  dens i t y  da ta  i s  accu ra te  and  t he  i np rocess
, ' a r i ab l es  wh i ch  can  a l t e r  t he  ma t r i x  vo l ume  f r ac -
: r on  a re  r n i n ima l .

Conc lus i ons

The densi ty gradient  technique has demon-
: t r a ted  exce l l en t  p rec i s i on  and  accu racy  f o r
reasur ing carbon fabríc densi ty.  The test
:ppears amenable to the ent i re range of  carbon/

3raphi te fabr ic and yarns which are current ly
: e i ng  p roduced .  The  s imp l i c i t y  and  p rec i s i on
:eroonstrated by th is technique indicate i t
: : rould be considered as the bases for  an industrv
r - i de  t es t  p rocedu re .
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