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Abstract. The sultabiltty of cart¡on/carbon as material for hot
pressing noulds has been investigated in compa¡ison to conven_
tional glaphlte ¡roulds. Va:¡iot¡s alloys like trronze, cotaLt and
tungsten carbide have been sintered. ftre quallty of the sinter
parts has been deterDined by tests of the Rockwell hardness and
density neasurernts. These fnvestlqations have shown that
carbon/carbon ¡pulds can be nore advantageous for hot pressino
techniques than graphlte ¡¡oulds.

_Introduction

Carbon/carbon j-s a high temperature matelial lrith
betler specific mechanical properties than graDhite
whi.ch js commonly used for hot pressing techn¡.ques.
Therefore parameter studj-es have been perforred to
subst i t l ¡ te graphi te parts of  a hot  pressing mould
by carbon/carbon.

The object was to lnvestigate the sultabllity of
carbon,/carbon for hot press!.ng moulds. Cor¡paratlve
sinter experi¡¡ents have been performed to demon-
strate the influence of varlous sinter temperatures
and different chenical conditions on the quality of
the s lntered parts.  The sui tabi l l ty  of  carbon/
carbon will be discussed from the viewpoint of the
qual i ty  of  the s intered parts,  I i fe- t ine of  the
mould, temperature distributlon rrithin the mould,
failure propabilj-ty and economi-c aspects.

Iest  pethods and.ma

The experiments have been performed with a
co¡nmercially available hot-oress (DSp 25, Dr.
Fr i tsch KG).  Slnter  paraneters,  rculd mater ia l  as
well as the quality requirements are given j.n
t ab le  1 .

The qualj.ty of the sintered segments was determined
by the Rockwell hardness accordÍng DIN 50103 and by
density measulements. The wej.ght-Loss and failure
of the moulds was t-aken as a neasure about their
l i fe- t ime. The temperature dist r j -but ion wi th in the
mould was controlled wi.th 5 thernocouples.

3 .  .  Resul ts

Sone results of the paraneter study are conpiled in
table 2. fn case of carbon,/carbon ¡Doulds the number
of  segments is  h igher as in case of  e lectrographi te

n¡oulds. However, the plate thickness for carbon/
carbon was not yet optj.mized. Thjs increased nu¡¡ber
of segments is caused by the hiqher specific, pro_
pert ies of  carkron, /carbon resul t ing in th inner
separator- ,  s ide- or  end-plates of  the mould.

The optimun sinter pressure lras independent from
the nould mater ia l .  Var iat ions of  the s inter
pressr¡re have shown no influence on quality and
honoqrenity of the segnents for optjmized sj-nter
tenperatutes. fn case of the trronze alloy neither
the sinter pressure nor the slnter temperature nas
nodified due to a complete fulfill of the quality
requrrenents.

[ ¡owever,  the qual i ty  of  the s intered parts is
strongly influenced by the sj.nter temperature. In
case of cobalt alloys _the optimum tenperature for
the carbon,/carbon rr ¡u ld is  40 oC higher,  whereas
tungsten carbide could be sintered at the sare
optif¡um sinter tenperatures.

The influence of the sinter temperatures on the
qual . i ty  of  the segnents is  a lso ref lected in the
inhooogenity. The temperature distributj.on within
the mould determines the horcgenitv of the seqmenE.s.
Loner teDperature distrj.bution results in a lower
standald deviati.on of the physi.cal properties of
the sintered parts. Therefore, more homogenious
segnents have been obtaj,ned with carbon/carb,on
rculds jn case of  cobal t  a l loys.  f . rhereas in case of
bronze and tunqsten carbide electrographite rculcis
are super ior .

As can be seen, the qual i ty  requirements are fu l -
f i l led completely in case of  bronze,  whereas in
case of  cobal t  a l loys one seqnent per s inter  pro-
cess in the el-ectrocraphit-e mould had to be re-
jected due to the unsuf f ic ient  temperature dist r j . -
bu t i on  ( t ab le  2 ) .
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Tab le  1 .  Mou ld  mater ia ls ,  s in te r  parameters  and
qua l i t y  requ i rements

In contrary to the carbon,/carbon-material the
faiLure propabi l i ty  of  e lectrosraphi te parts rs
s ignj . f icant  h igher especj .a l ly  for  separator_plates
and graphi t_e sternps.  The fa i lure of  the electro_
graphite parts was always combined wj.th a nonus€_
able segment. These segments had not been taken
into account for the number of segments which ful_
f i l l  the qual i ty  requirer¡ents.

A further linlting factor of the life-tÍme rs
given by the weicrht-loss of the mould. In all
cases the wejgth-loss of moulds with carbon/
carbon parts was lower cornpared to pure electro_
graphite moulds.

From economic vieh¡points time and energy
consuDptj.on is of interest j.n reqard to the life_
time of the mould materlal. The nunber of si.ntered
segments per hour is up to 120 t hj-gher in case of
carbon/carbon-moulds. Furtheron the energy con_
sumpt ion per s€gment is  essent ia l ly  lower.

Sum¡nary and conclusion

The palameter study under lab-conditj.ons has
shonn clearly that carboni/carbon can be apDl-ied
for  hot-  pressj .ng techniques as subst i tut"- i t  

"on-ventj.onal electrographite. The strperior mechani-cal
propertles of carbon/carbon resulted j.n a neg]-ect_
able failure propability of the r¡ould and there-
fore Ln a tre¡oendous decrease of useless segments.
FurtherDore a gain in energy and tlme resulted by
the use of carbon/carbon as mould material under
Iab-condi t ions.

A realistic esti¡nation of the economic viewpoj.nts
must take into account the behaviour of carbon/
carbon moulds under tests in praxis.  The hiqT¡er
materÍal prices of carbon/carbon moulds ¡nust be
just i f ied by an increase of  l i fe- t ime and a rcre
economic s inter  process under p laxis condi t ions.
The problems of handlj.ng, deforming, reproducj.bj.-
l l ty  of  segrnent s izes and surface qual i t ies in
praxis are unknown and have to be j-nvestigated.

Ffrst tests ln praxis have shor¡n that carbon/
carbon can be used for hot pressing moulds in
sone cases. Eowever, often the lj.fe_time of the
carbon/carbon parts can be linited by their
surface qual j . ty ,  chemical  at tack of  oxid iz ing
components of the sinter powder, impregnation of
carbon/carbon with liquj-d sinter components and
by improper handling. Some of these problens in
techni.que can be solved by increasing the
possjb i l i t ies of  potent ia l  appl icat ions of  carbn/
carbon hot pressing motrlds.
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Table 2. Results of cornparative sinter experiments
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The lnfluence of temperature distributlon is nost
severe at hi.gher sjnter tenperatures (tungsten
carbide). After each sinter process the two outer
segrnents had to tle rejected for the carbon/carbon
as well as the graphite nould. The graphite stemps
of these outer segments, which are used for all
roulds, were broken after each sj-nter process of
tungsten carbicie. Therefore t_he sinter pressure
could be reduced drast ical ly  for  these segmenEs,
resul t ing in less hardness.

The life-tine of hot pressing moulds depends on
handl ing parameters,  oxidat ion,  nechanical  and
chemical attack. The failure propabil.ity of the
carbon,/carbon parts is neglectable. Duri.ng all
sinter experiments only one separator-plate of
cart¡on/carbon was damaged. In no case a failure
of  s ide- or  end-plates occured.
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