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1.  Int roduct ion
The development  and i r radiat ion test ing of  graphi-
t ic  matr ix  mater ia ls  for  co ld-moulded HTR fuel  e le-
ments have been completed successfu l ly  wi th the
use of  two approved mater ia ls  for  the fuel  e le¡ents
of the reactors AVR (matrices A3-3 and A3-27) and
THTR (matr ix  A3-3) .
In order to enable the manufacture of fuel elements
wi th h igh heavy-neta l  loading,  as wel l  as to im-
prove the fabrication technology, the i{UKEi,|/H0BEG
company developgd a..process for the warm-moulding
of the elements¡. Furthermore, pitch coke graphite
was used as a f i l le i  raw mater ia l  instead of  the
mixture of natural graphite and petroleum coke
graphi te used before.  0n th is  basis ,  s t ructura l
materials for wann-moulded fuel elements were
developed and tvro opt imized matr ices ( |J2-1 and
l,/2-2) were tested under fast neutron exposure at
700,  900 and l100oC in the High Flux Reactor
Petten, The Netherlands. Measurements of the sample
dimensions and the physical  propert ies were per-
formed at  KFA Jül ich.
The present paper deals with sone comparisons bet-
ween the wann-moulded and the cold-moulded fuel
matr ices as far  as the mater ia l  composi t ion,  fabr i -
cation parameters, material properties and two of
imadiat ion resul ts  are concerned.

2. l larn-moulded qraohitic matrices comoared to
cold-moulded matr ices

2. I m!g-!e!rlss!!e!-Pere:
meters

Tablé-I-iñows the compositions of the wann-moulded
matrices l¡12-1 and ll2-2 as well as those of the
cold-moulded fuel  matr ices A3-3 and A3-27.
The material l, l2-1 represents the standard qual ity
of  the f i rs t  matr ix  category.  I ts  var iant  W2-2
serves as a reference mater ia l  and is  especia l ly
in tended to prov ide a bet ter  understanding of  i r ra-
d iat ion behaviour .  The mater ia ls  d i f fer  only  by
their cornposition whereas the raw material and
fabr icat ion parameters are equal .  The f i l ler  com-
ponent  consists  of  p i tch coke graphi te and the
binder component has been made of phenolic resin
binder to which 5 ert I of the hardener hexamethy-
lenetetramine was added. As a moulding method, the
wann-moulding in a steel die was used in contrast
to the isostat ic  co ld-mould ' ing in  rubber d ies used
before. Final-heat treatment was carried out at
1950oC to achieve a favourable corros ion rate.
The two cold-moulded fuel matrices A3-3 and A3-27

are based on the same f i l ler  mixture consist ing of
natura l  graphi te and petro leum coke graphi te.  They
di f fer  in  the b inder  and i ts  processing or  synthe-
s i s .  Whereas  p re fab r i ca ted  pheno l i c  res in  b inde r
' is  processed together  wi th the f i l ler  components
for  fabr icat ing the standard matr ix  A3-3,  synthe-
s is  of  the b inder  only  takes p lace dur ing the ma-
trix fonnation for producing the material A3-27.
The two phenol ic  res in b inders d i f fe l in  b inder
type and crossl ink ing;  consequent ly ,  the b inder
cokes are of different structures¿. The process
step of  isostat ic  co ld-mould ing was the same for
both mater ia ls .  F inal  h igh- temperature t reatment
took p lace at  d i f ferent  temperatures.  Ear ' l ier  fuel
e lement  re load batches for  the AVR reactor ,  which
had been produced wi th A3-3,  as wel l  as matr ix
spheres for  machin ing i r radiat ion specimens were
subjected to a heat treatment at 1800oC. For later
AVR re load batches and for  the THTR product ion,
the temperature was increased to 1950oC in order
to improve the corros ion res is tance.

Table 1.  Composi t ion of  wann-moulded and cold-
moulded matr ices

' r€lot€d lo the binds (onlent "slondord quoli ly
"' lynth€3ized during mlrir forfrolion

z. z leleriel-P!9P9r!i9!
In  Table 2,  mater ia l  propert ies of  the warm-moulded
and the cold-moulded matr ices are surmar ized.
A comparison of the warm-moulded matrices W2-1 and
!12-2 shows that  the standard qual i ty  W2-1 exhib i ts
a better strength behaviour than the matrix W2-2.
Furthermore, the thennal conductivity determined
at 1000oC and the Young's modulus are also sonewhat
more favourable for  th is  mater ia l ;  only  the h ighe.r
corrosion rate points to a slightly more unfavour-
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Table 2. Material Properties of t i larm-Moulded and cold-l, loulded Matrices.
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able corros ion behaviour .  The coef f ic ients of
l inear thennal expansion (a) determined berryeen
2Q a1td 500oC and, consequent-ly, also their quo-
t ients ü¡ la¡  are s imi lar  for  both mater ia l 's .
Comparing the material properties of the standard
qual i ty  of  the warm-moulded matr ix  ( l {2- l )  wi th
those of the cold-moulded fuel matrices A3-3
( l950oc) ,  A3-3 (18000C) and A3-27,  the f i rs t  shows
q 5qp¡tant ia l ly  bet ter  s t rength behaviour .  0n the
other hand, the corrosion rate of t{2-l is more un-
favourable than that of A3-3 (1950oC) and A3-?7
(19500q), .  a l though heat  t reated at  the same tempe-
raturer .  Moreover,  mould ing in  a d ie,  causes a
higher  quot ient  of  thermal  expansion coef f ic ients
(at/an) for l,t2-1 and V2-2.

2 .3  I r r ad ia t i on  behav iou r
In Fí !ü ié3- l - ;ña-2- íñ;aíat ion resut ts  concerning
the d imensional  behaviour  and the thermal  conduc:
t iv i ty ,  resp.  of  the warm-moulded as wel l  as the
cold-moulded matr ices are demonstrated.
Fig.  1 shows h igher  d imensional  changes versus
fluence for both warm-moulded materials l, l2-l and
W2-2 compared to those of cold-moulded matrices
A3-3 and A3-27.  This d i f ferent  i r radiat ion be-
haviour  can be at t r ibuted to the d i f ferent  f i l ler

Fluence ¡ 16zt .r- z ¡p¡ ¡
Dirnnsional change of wann-moulded and
cold-npulded matrices versus fluence.

matef i l ls  as wel l  as to the d i f ferences in  s t ruc-
ture¡ ' ( .  Fur thermore l ' l2- l  and l l2-2 show s l igh i ly
anisotropic  d imensional  behaviour  analogous- to 

-

thei r  quot ients of  thennal  expansion (Táb.  Z) ,  and
they d i f fer  in  skr in fage due to the d i f ferent
b inder  coke contents4,s (Tab.  l ) .
The thermal  conduct iv i ty ' ( . t )  o f -a l l  four  matr ices
general ly  decreases under i r radiat ion,  at  tenpera-
tures of about 900oC approximating a saturation
value of  about  60 f  o f  the pre- i r radiat ion value
( F i s . 2 ) .
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