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I ntroduct i on
Tñe use of-l iding ring seals in pump systems of
nuclear  power stat ions as wel l  as in  the target
support  and dr ive uni t  o f . the p lanned German
Spa l l a t i on  Neu t ron  Sou rce r  (SNQ)  requ i re  su i t ab le
r ing mater ia l  combinat ions.  Several  combinat ions
have been proposed for the ceramic rings of the
two SNQ sl id ing seals (Tab.  1) .  They correspond to
the types of  seal ,  wt t ich par t icu lar ly  d i f fer  f rom
each other  by the k inds of  f r ic t ion:
-  t ype  I  w i t h  m ixed  ( so l i d / l i qu id )  f r i c t i o l  f o r

sábl tng of  the cooi ing wate i  f rorn the in t t rnal
Yacuurn space

-  t ype  I I  w i t h  t echn i ca l  d r y  ( so l i d / so l i d )  f r i c -
t ion for  retent ion of  yrater  vapour,  which might
develop at  the f i rs t  seal ,  f rom the external
vacuum space¿.

The select ion of  promis ing candidates is  based on
industr ia l  exper ience vr i th  convent ional  s l id ing
r ing seals as wel l  as on resul ts  of  seal  tests,
successfu l ly  per formed in s tandard equipment  at
Paci f ic  company.  Futhennore,  mater ia ls  are in-
cluded that are used in the pump systens of nu-
c lear  power stat ions.

Table l .  l . la ter ia l  combinat ions for  s l id ing r ing
sea l s  i n  t he  SNQ as  we l l  as  i n  nuc lea r
po¡rer stations

'  inprugnolonr (orbotr ond onl¡non, resp.

Mater ia ls  Droqrarrme and invest iqat ions
the selec-

ted combinat ions considers three categor ies of
mater i  a  l  s :
1.  react ion-bonded s i l  icon carb ides
2.  s i l icon carb ide/graphi te compound mater ia ' ls
3.  carbon/graphi te mater ia ls .
Al together ,  8 s l id ing r ing mater ia ls  are av ia lable
for  invest igat ions (Tab.2) .  Development  work at

Tab le  2 .  S l i d i ng  r i ng  ma te r i a l s  be ing  i nves t i ga ted
and i r radiated for  the SNQ seals

Ct.ro¡bon,predonrnontly orderld 'rolio.ot lhe yeight troclions (cot.gory lond2l
C2:(orbon,pr€doninontly drsordered rotio of th€ voluoe tro(l ions ( cotegory ¡)

several  industr ia l  companies as wel I  as at  KFA has
contr ibuted to th is  mater ia ls  palet te.
Ident i f icat ion of  the ohases in  each mater ia l  and
determination of phase ratios have been performed
by x-ray d i f f ract ion analys is  and quant i ta t ive
image analys is .  The resul ts  are supported by in-
vestigation of the microstructure by use of ceramo-
graphy and scanning electron microscopy.
F rom the  f i r s t  ma te r i a l  ca tego ry ,  S i -S iC  i s  ava i l -
able wtr ich has been a l ready proved in industr ia l
p rac t i ce  and  s l i d i ng  r i ngs  i n  l a rge  SNQ d imens ions
(0Ar 400 nm) have been successfu l ly  manufactured.
Invest igat ions show that  the bear ing par t  of  the
s l i d i ng  r i ng  nn te r i a l  cons i s t i ng  o f  a l p -S iC
anounts to about  85 vol . f  wi th a rat io  of  c-phase
to  S -phase  o f  abou t  7  :  l .  p -S iC  ( cub i c ) ,  due  to
the ' reac t i on  o f  C  and  S i  du r íng  s i l i ca t i on ,  has
been formed at the grain boundaries of a-SiC
(hexagona l ) .  The  ske le ton  po res  a re  f i l I ed  w i t h
f ree Si .
From the 2nd mater ia l  category three 5 iC/graphi te
compound mater ia ls  are under invest igat ion.  They
have been developed wi th regard to s l id ing r ings
and s l id ing bear ings as wel l  as for  use as h igh
temperatur€ materials. They show high hardness and
high res is tance to wear as wel l  as good chemical ,
thermal and thennal shock resistance. The main
phases of the three rnaterials are SiC and C1 (Pre-
dominantly ordglgg_t3rb_9n, Tab. 2). Their ratios
. s het.¡ a sy s t ema t-iEá-l va il át i o n. R¿ ¿'i tl o naTjll-? i rre -
rerit amounts of free Si are present. Til l  now, in
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most cases two phases were found in SiC. In the
S i - S i C - C  m a t e r i a l s  w i t h  r a t i o s  o f  S i Q  :  C 1 r s  Z :  I

. and  *4  :  L  ( coa t -m ix  based  ma te r i a l 3 )  S ió  ma in l y
cons i s t s  o f  t he  cub i c  p -phase  (95  f ) . ' l nves t i ga -
tions of the first material have denronstrated that

:the structure is very honogeneous and consists of
ia matri i of SiC with embedded graphite grains. The
, f ree  S i :  i s  even l y  d i s t r i bu ted .  A t  p reseñ t ,  s l i d i ng
l r i ngs  i n  SNQ d imens ions  cons i s t i ng 'o f  S iC ig raph i t ó
;compound mater ia ls  are not  yet  avai lable.  Develoo-'ment work at industrial companies is under way.
The-mafn component of all the carbon/graphite mate-
r ia ls  pelonging to the 3rd category,  is  predominant-
ly  d isprdered carbon (C2).  Especia l ly  wi th a v iew
to dry!  f r ic t ion three vár iants conta in a por t ion
of  predominant ly  ordered carbon (Ct)  for  improving
the sel f - lubr igat ing propert ies.  Tñe coat-mix
based inater ia lq vr i th  100 f  Cz may be considered as
a  l im i t i ng  case  and  i s  pa r t i du la r l y  su i t ab le  f o r
obta in ing a bet ter  understanding of  the i r radiat ion
behaviour  of  the mater ia ls .
The carbon/graphi te mater ia ls  are d iv ided accor-
9 ing tg. thei r  impregnat ion (carbon(C) and car-
bon (Sb ) ) .  C  impregna t i on  cons i s t s  o f ' b i nde r  coke
(C2) fomnd f rom res in dur ing the coking process,
thrs being the second C2 component  beside the
f i l l e r  coke .  Fo r  impregña t i on  o f  ca rbon (Sb ) ,  t he
metal l ic  ant imony is  used.  Both types of  mater ia l
d is t inct ly  d i f fer  f rorn each other  in  open porosi ty
and surface roughness, which are higher for car-
bon (C);  accordingly ,  the la t ter  exñib i ts  more
space for water storage. Because of problems with
carbon(Sb) used for  se l ls  r r i th  mixed f r ic t ion in
nqFJFer:  power stat ' ionsr ,  the carbon(C) var iants
seem.to be more sui table for  th is  seal  type in  the
SNQ. Sl id ing.r ings of  SNQ dimensions conl is t ing of
carbon(C) and carbon(Sb) are a l ready avai lable l
In  order  to establ ish complete data sets for  the g
s l id ing r ing mater ' la ls ,  extensive measurements for  *the determinat ion of  physic¡ l  and mechanical  pro-
per t ies are being per fonned¿.  In addi t ion,  spácia l
invest igat ions concerning the mater ia l  s t ructure
are under way.

I ¡ fq4!at ion test ing and f i rs t  resul ts
l s  w i l l  b e

exposed to spal' lation neutrons. The expected ooe-
rat ion condi t ions are:
-  t ime of  operat ion:  12000 h
- max. operating temperature: for the seal with

mixed f r ic t ion 70 'C,  for  that  wi th dry f r ic t ion
2000c

-  max.  accumulated^¡pal la t ion neutron f luences
( in the ggse ef  zJóg as" l  target  mater ia l ) :
e l  .  10rY and ry l  .  lO¿u cm-z E > 0,1 MeV
resp. for the two SNQ steps of develópment.

For  the test ing of  s l id ing r ing mater ia ls  under
condi t ions near those of  SNQ operat ion,  2 exper i -
ments yrere performed in the spallation neutrón en_
vironment at LAl.lPF. The test capsules were irra-
diated at different tenperatures, thereby accumu-
lat ing d i f ferent  f luences:
l s t  capsu le :  50  -  1009C, -2  .  t 0?9cm-1  E ,0 ,1  ü "v
2nd  capsu le :  100  -  l 50oC; -S  .  1g l9 . r -2  ¡>O, t  NeV .
The capsules conta ined 20 and 19 samples machined
from-sl id ing r ings of  SNQ dimensions;  represent ing
the 3 d i f ferent  mater ia ls  (categor ies I  ánd 3) :-  S i - S i C _  ( S i C : S i c 8 : 1 )
-  c a r b o n ( C )  (  C 2  :  C 1  g 3  :  l )
-  ca rbon (Sb )  (  c ,  :  C i  e  2  :  L )
T}e f i i i t - resul ts  tó-r  samples wtr ich a l low a hand-
l ing for  measur ing are suinnar . ized in  Tab.  3.
Both mater ia ls  (Si -SiC and carbon(C))  show very
high d imensjonal  s tabj l i t ies and smal l  changes-  in
density. The thennal conductivity (.1.) of Si-SiC

fable 3.  F i rs t  resul is  o i  i r radiat ion
s l i d i ng  r i ng  ma te r i a l s  . i n  t he
neutron environment at LAMPF

tes t i ng  o f
s p a l l a t i o n

r r€o( t im-  boñdrd  5 i (  (S iC :S i :6  : i l "(orbo¡ lgroptul. motoriol ( Cl,(l : 3 : i I

decreases_signi f icant ly  ( -  50 f ) ,  in  agreement
wi th resul ts-  for  gr¡phi te i r ¡adiated iñ  h. ig t r  f lux
reactors at low temperatureso. The decrease can be
corre lated wi th the h igh scat ter . ing of  phonons at
i r radiat ion- induced lat t ice defect i  a t  iow i r ra-
d- iat ion temperatures/ .  Nevertheless,  the reduced
"1 . - va lue  o f  S i -S iC  i s  i n  t he  range  ó f  t he , t - va lues
of  s teels  that  are usual ly  appl iéd for  s t ructura l
pa r t s  su r round ing  the  s l i d i ng  r i ng  sea l s .  Measu re -
ments of  the Youngrs modulus show high and aniso-
t ropic  changes for  carbon(C).  T¡ is  resul t  is  in
agreenent  wi th resul ts  of  f iss ion feactor  i r radia-
t ions of  other  graphi t ic  mater ia lsE.  fhe h iqh in_
crease can be expla ined by the i r radiat . ion- índuced
p inn ing  o f  mob i l e  d i s l oca t i ons  i n  t he  we l t -o rde red
regions and the . reduced recombinat ion probab. i l i ty
of  pgint  defects at  the low i r radiat ion tempera-
turet. As expected for the range of low tempera-
tures,  x- ray d i f f ract ion analyses showed no evi - , ,
dence for  any i r radiat ion- induced graphi t izat ionlo
of  the predominant ly  d isordered C2 phase.
The resul ts  for  carbon(C) are in  lood agreenent
wi th the resul ts  of  carbon mater . ia ls  i r iad iated in
the Dounreay^Fasl  Reactor  at -?50oC up to a f luence
o f  1 .8  '  l $¿ucm-¿  E>0 .1  MeVI l .
Fo r  i r r ad ia t i on  t es t i ng  o f  a l l  t he  s l i d i nq  ma te -
r ia ls  (sunnar ized in Tab.  2)  another  expei . iment  at
LMPF is being prepared.
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