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A raw petro leum coke base,  f ine gra in
graphi te,  Graphnol  N3,  is  one of  several
developed on a laboratory scale by Oak
Ridge Nat ional  Laboratory for  the U.S.  Navy.
The unique Graphnol  mater ia ls  exhib i t  h igh
thermal  shock res is tance and very h igh
s t ra in - to - fa i l u re  (e las t i c i t y )  cha rac te r -
is t ics.  Therefore,  these graphi tes are
part icu lar ly  wel l -qual i f ied for  aerospace
nosecone and leading edge appl icat ions.  At
Great  Lakes Research Corporat ion (GLRC) the
Graphnol  N3 process has been modi f ied and
scaled-up under sponsors l r ip  of  the Naval
Surface weapons Command.r  The scale-up to
5lx9 inch product ion-s ize b i l le ts  repre-
sented a volume increase of  some eight  t imes
tha t  o f  l abo ra to ry  b i l l e t s .  Th i s  necess i -
tated a corresponding increase in batch s ize
and equipment  capaci t ies.

The d is t inct ive process,  as indicated
in the accompanying f low char t ,  involved
prel in inary coke homogenizat ion through
blending and uni form heat  t reatment  fo l lowed
by c lose pre l iminary s iz ing of  the rar^¡  pe-
t ro leum coke f i l ler  wi th a maximum part ic le
s i ze  o f  120  mesh  (125u ) .  App rox ima te l y
tri¡enty five percent of the minus 400 mesh
(37u) mater ia l  is  removed for  graphi t iz ing
a t  2 5 0 0 o C .

The graphi t ized f ines are reblended
wi th the or ig inal  coke and combined wi th 30
ned iun  (S .P .  ca .  l 03oC)  p i t ch  i n  a  so l ven t
s lurry  operat ion.  This nmix"  then is  heat
t reated to 325oC for  one hour.  A11 heat-
t reated mater ia l  is  remi l led and combined
wi th A-240 petro leum pi tch and a p last i -
c iz ing agent  in  a second solvent  s lurry
operat ion.  This "mix"  is  a l lowed to a i r  dry
before f ina l  mi l l ing and mold ing.

The mater ia l  is  molded at  100oC and
2000 psi  and then a l lowed to cool  under
pressure to room temperature,  before
e j  ec t i on .

Each green b i l le t  is  loaded into a
graphi te- l ined steel  rest ra int .  The b i l - le ts
are baked to 820oC in s ix  days fo l lowed by
pi tch impregnat ion and rebake before
g raph i t i za t i on  t o  3200"c .

Dur ing the scale-up of  th is  process the
following parameters were found to be
cr i t ica l :  1)  the furnace oxygen level  dur ing
heat  t reatment  of  the coke-pi tch mixtures;
2 l  t he  pa r t i c l e  s i ze  d i s t r i bu t i on  a t  each
rn i l l i ng  s tep ;  3 )  g reen  dens i t y  du r i ng
mold ing;  4)  the bake cyc le to achieve de-
s i red  baked  dens i t y ;  5 )  pe rcen t  p i t ch  p i ck -
up as an indicator  of  both b i l le t  uni formi ty
and proper baking of f - f i re  temperature.

The abi l i ty  to  protect  larger  batches
from oxidat ion dur ing heat  t reatment  of
the coke-pi tch mixes became an obvious
f i rs t  requi rement  to achieve the requi red
green densi ty .  An oxygen level  of  less
than 100 ppm is  requi red dur ing the heat ing
of  the mixes.  Higher levels  cause enough
embr i t t lement  of  the p i tch coat ing to
great ly  reduce compact ion dur ing mold ing.
Mixes heat- t reated wi th in the contro l  l imi t
f o r  oxygen  p roduced  dens i t i es  o f  1 .4 I+ .01
g, /cc whi le  ox id ized mixes y ie lded greEn
d e n s i t i e s  o f  1 . 2 5  g / e c .  B i l l e t s  o f  m a r g i n -
a l  green densi ty  could be processed suc-
cessfu l ly  through graphi te only  to exhib i t
h i gh  res i s t i v i t y ,  i nd i ca t i ve  o f  p rev ious
oxidat ion.  Modi f icat ions of  the furnace
design and of  the technigues for  oxygen
analys is  proved to be very successfu l  in
th is  regard.

Mix agglomerat ion,  which had p lagued
previous scale-up at tempts,  occurs whi le
preheat ing the mix for  mold ing.  A main
object ive dur ing th is  contract  was to
el iminate the agglomerat ion in  order  to
guarantee st ructura l  in tegr i ty  and con-
s is tent  wi th in-b i l le t  propert ies.  This has
been accompl ished by means of  a cold mix-
screening and precompact ing step.  The
resul t ing cold compacts,  a l though low
dens i t y  ( I . 10  g / cc l ,  a re  eas i l y  hand led  and
subseguent ly  uni formly heated pr ior  to  f ina l
mold ing.

In order  to mainta in geonetr ic  uni -
formi ty  and maximize baked densi ty ,  each
bi l le t  is  baked in a separate graphi te-
l i ned  s tee l  r es t ra in t .  The  o r i g i na l ,
in ternal ly- threaded design was a l tered to
inc lude a set  of  external  bol ts  which pro-
v ided ease in assembly and d isassembly of
the uni ts  and pro longed the l i fe  of  the
sh r i nk - f i t t ed  l i ne rs .

Studies of  bake cyc le parameters led
to adopt ion of  an e ight  day scheduLe em-
ploy ing heat ing rates of  l0o per  hour  to
200oC,  40  pe r  hou r  t o  600 "C  and  60  pe r
hour to an 820"C of f - f i re  temperature.
Coo ldown  ra tes  o f  50 -70 "C  pe r  hou r ,  as
obtained by cutting the furnace po$ter at
of f - f i re  temperature,  developed hoop
stresses in  the 5dd9 inch b i l le ts  and
caused l inear  spl i ts  on the sur face.  A
contro l led 6"  per  hour  cooldown to 500oC
fol lowed by natura l  cool ing at  20o per
hou r  t o  200oc  y ie lded  exce l l en t  b i l l e t s .
Af ter  the adopt ion of  th is  cyc le,  no
defects in  the b i l le ts  could be at t r ibuted
to the baking step.
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Densi ty
Pc a/cc

frxTt 
-TlUf

- 2  L . 7 8 2
- 3  1 . 8 1 1
- 4  1 . 8 0 6
- 5  L . 7 7 6
- 6  L . 7 8 7

5éx9 -L  L .774
- 2  I . 7 7 3
- 3  1 . 7 9 0
- 4  L . 7 7 7
- 5  I . 7 7 3
- 6  L . 7 8 7

Resist iv i tv
ohm-c¡nxl0-3-TG------TF
7Tr gfir
7 1 5  1 0 1 5
7 5 0  1 0 6 0
6 7 0  8 8 5
6 4 0  8 8 5
6 4 5  9 0 0

620  900
6 6 0  8 5 0
620  890
6 4 0  9 4 0
6 6 0  9 0 0
6 1 5  9  4 0

Large-scale graphi t izat ion at  3200oC
of up to twelve 5lx9 lnch bil lets per load
¡ras successfu l ly  accompl ished wi th a 31
hour heat ing schedule.  The of f - f i re  temper-
ature has not  been f ina l ized due to the fact
that the slower rate and larger loads used
in the scaled-up eguipnent led to longer
cooldown periods and may provide conditions
for  overgraphi t izat ion.  This over-graph-
i t izat ion could cause degradat ion of  some
Dropert ies.

* * * * * ! t * ! t * * * ! ¡

Table I

Non-Destruct ive Physical  Test  Resul ts
of  Graphnol  N3:

3 lx3 and 5 lx9 Inch Bi l le ts

Table 1 shows in i t ia l  non-destruct ive
test comparisons between the 3lx3 and the
5lx9 inch b i l le ts  produced at  GLRC.

Further production work at the scaled-
up level  wi l l  a l low for  the opt imizat ion
of  process f low as wel l  as for  f ina l izat ion
of  the speci f icat ions for  the var ious
process check points.

* * t * t * t t * *
lCon t rac t  No .  N -00 I97 -76 -C-0088

FLOI{ SHEET B
MIX PREPARATION AND MOLDING

PREPARED UOIDED

FLOW STTEET C
HIGH TEMPERATURE PROCESSING

FINISHED
PRODUCT BII.LETS

MOE
p s i  x  1 0 - 6--d3--

0 .  9 6
1 . 0 9
1 .  0 6
0 .  9 6
l .  0 4

0 . 9 0
0 . 9 3
0 . 9 6
0 . 9 6
1 . 0 0
0 .  9 5

FLOÍ{ SHEET A
COKE PREPARATION

+400 MESH r
!{EIGHT EXCESS -400 !,!ESH

TO UrX
PREPARAIION

2nd TIEAT
TREAT¡IIENT

2nd SLURRY
UTXING

I,IOLDED

GRAPHITIZATION
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