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A ser ies  o f  i r rad ia t ion  tes ts  has  been p lanned
to determine the creep characterist ics of various
graph i tes  o f  in te res t  to  nuc lear  reac tor  des igners .
The graph i tes  se lec ted  fo r  tes t ing  in  the  f i rs t  exper -
iment  o f  th is  ser ies  inc luded grades  H-327 '  H-451,
and AFX-SQBG.  A cons tan t  s t ress  compress ive  tes t  was
se lec ted  as  the  bas is  fo r  our  des ign .

The prinary and secondary creep coeff icients
wil l  be determined as functions of f luence, tenpera-
tu re ,  s t ress ,  and Youngrs  nodu l i  o f  e las t i c i t y .  These
data  w i l l  be  ob ta ined w i th  a  ser ies  o f  i r rad ia t ion
capsu les  tha t  a re  a l te rna te ly  i r rad ia ted  a t  900,  600,
and 1250"C in f luence increments of approximately 1,
I,  2, and 4 x 1021 neutrons/cm2 unti l  each set of
test specimens for each test te¡nperature has accunu-
la ted  á  f luence in  excess  o f  8  x  102I  neut rons /cmz.
The óompressive stresses at each temperature wil l  be
13.8  MPa (2000 ps i )  and 20 .7  MPa (3000 ps i ) .  Each
graphite specimen wil l  be characterized before neu-
tron irradiat ion and subsequently after each accumu-
la ted  inc renent  o f  f luence.  Each capsu le  w i l l  con-
tain a !et of unstressed control specimens that match
the  s t ress  spec imens.  Bas ica l l y ,  the  to ta l  c reep
strains are deternined by the dinensional dif ferences
between stressed specinens and their matching control
specimens after each irradiat ion. The prinary creep
strain has been found to be recoverable under irra-
d ia t ion  i f  the  s t ress  is  renoved.  I  There fore ,  se lec t -
ed  s t ress- tes ted  spec inens  w i l l  be  i r rad ia ted  aga in
at their test temperature to recover and thereby
determine their prinary creep strains.

The capsules for these experiments are being
i r rad ia ted  in  the  E-5  core  fac i l i t y ,  a  f lux - t rapped
posit ion, of the 30-MW Oak Ridge Research Reactor
( O R R ) .

Capsu le  0C-1 ,  the  f i rs t  exper iment  in  th is
ser ies ,  was  des igned to  i r rad ia te  twenty -e igh t  15 .24-
n m  ( 0 . 6 0 0  i n . )  d i a  b y  2 5 . 4 - m n  ( i ' 0 0  i n . )  l o n g  c o n -
press ive ly  s t ressed graph i te  tes t  spec imens a t  900oC
io  the  f i rs t  p lanned exposure  leve l  o f  1  x  1g2 l
neut rons /cmz.  A  conpress ive  s t ress  o f  13 .8  MPa
(2000 ps i )  was  app l ied  to  20  o f  the  spec inens  in  the
test by precal ibrated metal bel lows expanded by gas
pressure against the specirnen colunns. Eight of the
specimens in the two colums had reduced diameters
so  as  to  inc rease the  s t ress  to  20 .7  MPa (3000 ps i ) .
The capsu le  a lso  inc luded 28  uns t ressed cont ro l  spec i -
mens nade of the same types of graphite as were the
s t ressed spec imens.

A cross sectional view showing the t lro stressed
specinen colunns in the in-core port ion of the cap-
su le  i s  shown in  F ig .  l .  The spec inens  have sha l low
holes in each end to acconnodate the graphite pins
and spacers which serve as centering guides for the
specimen column. The force fron each bel lows at the
top of the specinen column was transrnit ted through
a graphite push-rod. At the end of each colunn, the

force  was sensed by  an  LVDT- type load ce l l .  A l though
monitoring of the pressure in the bel lows was the
primary neasure of the load being applied to the
specirnens, the LVDT-type load ce11 was intended to
provide backup information during the early stages
of the irradiat ion and ensure that the force was in-
deed transrnit ted through al l  of the specinen column.

The unstressed control specimens were stacked
and centered in a manner si¡ni lar to the stressed
specirnens, except that a longitudinal hole was pro-
v ided to  serve  as  a  gu ide  fo r  the  3 .2 - run  (1 /8  in . )
d ia  s ta in less-s tee l  sheathed Chrone l -A lune l  movab le
thermocouple that was instal led in each column. These
thermocouples could be moved through a 0.39 m (15 in.)
stroke, thus providing tenperature traverses from the
midplane of the uppernost specimen to the nidplane of
the lohrest specinen in each colu¡nn.

The capsule was designed to operate on gan¡na
heat alone approximately 100"C below design tenpera-
ture. A gas gap was provided between the specimen
ho lder  s leeve (see F ig .  l )  and the  water -coo led  cap-
sule vessel so that the thermal conductance could be
cont ro l led  by  gas  gap s ize  and iner t  gas  conpos i t ion .
Design operating temperature and control were achiev-
e d  b y  t w e n t y  1 . 6 - m n  ( I / 1 6  i n . )  d i a  s t a i n l e s s - s t e e l -
sheathed MgO-i-nsulated Nichrome V heaters wrapped
around the specinen holder as shown in Fig. l ,  and
re ta ined there  by  the  graph i te  s leeve tha t  i s  s l ipped
over  the  ho lder .

Because of the need to naintain a precise tenper-
ature control along the specirnen colunn, a conputer
was acqui-red to control the experinent temperatures
auto¡natical ly and to record the data. Algori thms
were developed which related the thernncouple ternper-
atures to the specimen temperatures which the com-
puter used to adjust the heaters to the required
opera t ing  leve ls .

Irradiat ion of capsule OC-.1 was conducted frorn
Apri l  1 to May 22, 1976. The capsule was operated at
a no¡ninal specinen tenperature of 900'C in the ORR
E-5 co¡e posit ion for about 34,170 MWhr with the re-
ac tor  opera t ing .a t  30  MW for^a  to ta l  peak  f luence o f
a b o u t  1 . 3  x  l 0 z  I  n e u t r o n s / c n '  ( E  >  0 . 1 8  M e V ) .

We had d i f f i cu l ty  in  na in ta in ing  the  900 t  l0 "C
uniforn tenperature along the length of the specinen
columns. Temperatures of the specinens were high and
of f -des ign  in  the  upper  16% o f  the  spec inen co lumn.
In order to naintain the lower part of the specimen
colunn at or near the design ternperature, the speci-
nens in the upper 100 nm were pernit ted to operate at
up  to  about  930 'C.  A lsq  the  tempera ture  pro f i le
along the length of the specinen colunns had a small
dip approxinately one-third of the way down from the
tops of the specimen colunns throughout the irradia-
t ion period. The two movable thermocouples provided
direct monitoring of the temperatures along the length
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. :  :he  spec inen co lumns and prov ided da ta  to  de ter -
" - . -  

- .e  the  se t -po in ts  fo r  tenpera ture  cont ro l  ,  the
. : : :e r  be ing  based on  the  measured tempera tures  in
: -=  g raph i te  spec imen ho lder .  Resu l ts  f ron  a  typ i -
: i -  t raverse  o f  the  novab le  thernocouDles  are  shown
- .  f í g .  2 .

The cont ro l  and da ta  acqu is i t ions  by  the  corn-
: . . :e r  worked very  we l l  dur ing  the  en t i re  exper inent .*-. :  average temperature measured by two f ixed therno-
. : :p les  nounted  in  the  graph i te  spec imen ho lder  in
: : - 'h  zone was cont ro l led  by  the  computer  to  11"C
: : ¡n  the  reques ted  se t -po in t  as  long as  adequate
" :e te r  power  was ava i lab le  to  the  cor respond ing  zones
: :  pern i t  the  computer  to  na in ta in  the  reques ted  ten-
:e ra tu re  as  the  gamna heat  p ro f i le  changed.

Opera t ion  o f  the  two LVDT load ce l l  t ransducers
. - : , s  d i -sappo in t ing .  A t tempts  to  ca l ib ra te  the  dev ices
, .  s i tu  be fore  i r rad ia t ion  were  la rge ly  unsat is fac to_

-_ ; .  They  d id  respond to  spec inen load ing  be l lows
: :essure  changes,  bu t  la rge  hys teres is  e f fec ts  in  the
- :ad  ce l l  responses  were  no ted  as  the  be l lows pres-
: - i res  we le  changed.  Th is  was par t i cu la r ly  ev ident
.:  the West specirnen column, and nay have been an in-
: : . -a t ion  tha t  the  be l lows-spec inen s tack  was becon ing
.:dged, and a ratchett ing rnay have occurred during
:: lcreases to ful l  reactot power and design operating
:enpera tures .  Th is  b ind j -ng  wou ld  cause excess ive
:cupress ive  s t resses  on  the  spec inens  due to  therna l
. -xpans ion .  Pos t i r rad ia t ion  exan ina t ions  o f  the  tes t
;pec inens  ind ica te  tha t  th is  p robab ly  occur red  dur - ing
:he irradiat ion. Resutts frorn the creep measurernents
- ; ,nd  o ther  paraneters  be ing  mon i to red  in  th is  ser ies
r f  tes ts  a re  be ing  presented  by  Kennedy e t  aL .2  a t
:h is  conference.

IYPICAL ÍEST
SP€CIMEN -

C e r t a i n  d e s i g n  m o d i f i c a t i o n s  h a v c  b e e n  m a d c  f o r
fu tu re  exper inent -s  o f  th is  ser ies .  ' l hese inc lu< jc  ad-
d i t i o n a l  g u i d e  p i n s  t o  p r e v e n t  t h c  w e d g i n g  a n d  r a t c h -
e t t ing  tha t  occur red  w i th  the  f i rs t  exper inent  and
add i t iona l  c learance be tween the  spec i rncn  centc r ing
gu ide  and the  ID o f  the  ho le  in  the  spec imen ho lder
to  p revent  poss ib le  f r i c t ion  fo rces  tha t  nay  be  caus_
ed by  in te r fe rence due to  thermal  expans ion  and graph-
i te  c reep o f  the  gu ides .  A  pneunat ic  e lec t ronechan j -
c a l  d e v i c e ,  d e s i g n a t e d  a  P I I M  c e l l ,  h a s  b e e n  d e s i g n e < 1
to  rep lace  the  LVDT- type load ce l l s  used in  capsu le
O C - f .  T h e  n e w  l o a d  c e l l  u s e s  m e t a l  b e l l o w s  s i m i l a r
to  those used to  load the  spec inen co lumns.  $ Ihen the
load is  app l ied  to  the  spec i rnens ,  an  insu la ted  con-
t a c t  b u t t o n  l o c a t e d  i n s i d e  t h e  p E M  c e l l  b e l l o w s  i s  i n
e l e c t r i c a l  c o n t a c t  w i t h  t h e  t o p  f l a n g e  o f  t h e  b e l l o w s .
T h e  P I M  c e l 1  b e l l o w s  i s  t h e n  p r e s s u r i z e d  w i t h  h e l i u m
to  a  h igh  enough pressure  to  óvercone the  load on  the
spec inens  and open the  e lec t r i caL  contac t .  By  measur_
ing  the  pressure  requ i red  and de tec t ing  the  res is -
tance be tween the  contac t  bu t ton  and the  grounded be l_
lows ( in f in i te  when open) ,  a  de tern ina t ion  o f  the
load be ing  app l ied  to  the  spec inen co lunn can be  nade,
thus  ensur ing  tha t  the  load is  indeed be ing  app l ied
t o  t h e  c o l u m n .  B y  v i r t u e  o f  i t s  a l l - r n e t a l  c o n s t r u c _
t ion ,  except  fo r  the  a lumina insu la to r ,  we expec t  the
PEI I  ce l l  to  be  re la t i ve ly  insens i t i ve  to  damage f rom
high  te rnpera ture  and rad ia t ion .
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