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A laboratory equipment, allowing high-density ceramic materials to be
prepared by sintering powders at high temperature under simultaneous effects
of axial pressure of up to 40 M Pa, either in an inert atmosphere or tn vacuo,
uas constructed. The specimens 15 mm in diameter and 7 mm in height can
be utilized as semi-products for the manufacture of cutting tools, components
of bearings, etc.

INTRODUCTION

Modern types of ceramics based on nitrides, carbides, borides, etc. are finding
ever expanding fields of application particularly in engineering, owing to their
advantageous mechanical, physical and chemical properties. Nowadays, use is
made of three basic methods in the production of engineering ceramics by the
sintering of powders having suitable properties: They are the so-called free sin-
tering, hot pressing and hot isostatic pressing. The respective demands on produ-
tion technology increase in the given sequence, but so does the quality of the final
product [1—4].

Hot pressing is a method allowing high-density productsto be obtained under
simultaneous effects of high temperature and axial pressure. The use of pressure per-
mits the amount of sintering aids to be reduced: as these substances form a liquid
phase in the course of sintering during the free process, their partial elimination
has a favourable effect on the final properties of the product [2,5]. The hot pres-
sing method is particularly advantageous for the production of simple shapes
such as cutting tools, wire drawing dies, components of bearings, and the like.
The equipment described below was designed for purposes of basic research in the
field of engineering ceramics, in the Laboratory of Sintered Materials at the Slo-
vak Academy of Sciences.

DESCRIPTION OF THE HOT PRESS

The hot pressing equipment, shown in Fig. 1, consists of a furnace, a lever press,
a dilatometer and a power source. A schematic diagram of the furnace is given in
in Fig. 2. The furnace jacket 6 and its flanges, which also serve as power supply
leads, are cooled with water. The jacket is also provided with exhausting and gas
outlet and inlet fittings. Graphite meander element 7 was used for heating, sur-
rounded by graphite shields 2 and graphite felt insulation 3, again covered with
a molybdenum shield 4 which separates the outer thermal insulation of Sibral-
Super ceramic wool 5.
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Compared to the classical tubular heating elements, the graphite meander with
an adjusted cross section (Fig. 3) has several advantages. First of all, it exhibits
a longer zone of homogeneous temperature owing to the adjusted sectional area
of the resistance track, thus partially compensating for the temperature gradient.
The meander element allows for a greater variability of dimensions and therefore
also of the total resistance in terms of resistivity gg of the given graphite, which
in turn is limited by the maximum admissible power supply Imax, or the power
source parameters. Values of Imax of up to 1000 A can be regarded suitable. High-
er currents bring about problems with contact resistance between the element
and the leads, and with cooling the latter. There is also the important advantage
that thermal expansion qf graphite need not be taken into account when using
the meander element. The heating element employed was made of graphite EK
499 (Ringsdorff, FRG). Its basic parameters are specified in Table I. The cross
section of the element was adjusted by the trial-and-error method because cal-
culation of the cross section for a certain thermal gradient is affected by seve-
ral variable parameters and was not practicable in the present case (the tempe-

Fig. 2. Schematic sectional view of the furnace part.
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Table 1

Specification of the graphite heating element
Material EK 499*%
Resistivity, gg approx. 9.10 Ohm cm
Total resistance Ry approx. 10 mOhm
Inner diameter, @y 30 mm
Outer diameter, @; 39—40 mm
Hot zone length, I 80 mm
Height of the element, I, 130 mm

* Ringsdorff, FRG

rature gradient was influenced by the anisotropy of graphite pg, the temperature
dependence of insulation lag, the changes in the thermal conductivity of the inert
atmosphere in terms of its pressure, etc).

The contact surfaces between the element and the flanges were coated with
a silver paste.

The working space accommodated the floating double-acting graphite die (Fig.
3) with &y = 17 mm and @ = 28 mm (inner and outer diameter respectively)
and 48 mm in height. The mould was of GRAPH-I-TITE material (General
Electric, USA), exhibiting a high strength and allowing a relatively large @;/@®p
to be used.

The specimen in the graphite die is compressed by graphite pistons of the same
material, fitted in pistons of high-temperature steel. Those are guided axially along
the frame and sealed in the furnace flanges by o-rings of silicone rubber. A WReb-
WZRe20 thermocouple in a corundum double-hole tube, protected by a boron nit-
ride sheath in its hot zone, is placed in the bottcm piston. The thermocouple was
calibrated by means of standard B. The bottom piston, which brings the speci-
men into the working space, remains then stationary while the water-cooled
upper piston transmits the pressure from the lever press.

The simple lever press has the advantage of exerting a constant uniform pres-
sure onto the specimen in the course of sintering without having to make up the
shrinkage. However, the arrangement does not allow the pressure to be changed
steplessly during the sintering process. The leverage ratio of the press was 1 : 1.57
or 1:4.1. The maximum pressure bearing on the specimen was 40 MPa.

The equipment includes a dilatometer allowing the kinetics of the sintering pro-
cess to be directly followed [6]. It consists of a mechanism monitoring the upper
piston movement, and induction position sensor and a recorder. The range of
changes in length is 10 mm without screw adjustment,the maximum sensitivity
being 2 pm.

The equipment is supplied by a power transformer whose primary winding is
controlled by the EUROTHERM 818P regulator using the NOCONTA AC thy-
ristor device. The relative accuracy of isothermic dwell control is + 1 K.

EXPERIMENTAL
The basic specifications of the equipment are listed in Table II. The tempera-
ture profile of the working space was measured on a special specimen provided
with a hole to allow the thermocouple to be shifted along the specimen. The tem-
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perature profile was measured at an isothermal heating temperature of 2100 K.
The temperature course is plotted in Fig. 4. The specimen was situated at the
point of maximum temperature which was higher by about 15 K than that
indicated by the thermocouple during the experiment. The temperature gradient
along the specimen was 5 to 10 K in dependence on the specimen height.
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Fig. 4. Temperature gradient along the specimen at 2100 °C
T :— temperature along the specimen
Tvc — temperature measured by the thermocouple.

Table 11
Basic specifications of the equipment

Temperatue, T'max 2800 K
Pressure, Pmax 40 MPsa
Power demand, Pmax approx. 6 kV
Maximum heating rate, ¢ 300 K min-1
Specimen diameter, D 15 mm
Specimen height, Is 15 mm¥*

* before shrinkage

The performance of the hot press was verified on three powdered mixtures
based on SizN,, listed in Table III. One contained an addition of Al,O;: Y,0;
(H8), the second additions of Al,0; : Y,0; and AIN, whose amount was calculated
so as to produce f’- SIALON (S8) on sintering, jointly with the SiO, present in
Si;N4. The third mixture (S8C) also contained powdered SiC. The powdered mix-
tures were prepared by mixing the respective amounts of the components. These
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Table 111
Composition of the powdered mixtures (wt. 9)
Specimen SizN, AL, O3 Y.0; AIN SiC
HB 92.00 2.49 5.61 —_ —
SB 88.30 2.49 5.51 3.70 —
sS8C 84.50 2.49 5.51 3.650 4.00

Si1N¢ — H.C. Starck H1 (1.6 wt. % Oz)
Al;0; — Fluka AG (99.99 %)

Y;0; — Lachema Brno (99.99 %)

AIN — Alfa (99 %)

SiC — Alfa (99.8 %)
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Fig. 5. The course of density vs. the time of isothermic dwell.

were homogenized for 24 hours in absolute ethanol. Following drying and light
grinding, the mixes were compacted under a pressure of 100 Pa into pellets 15 mm
in diameter and about 12 mm in height. The pellets, protected by a layer of hexa-
gonal BN (99.3%), were placed in the graphite die and sintered in protective nitro-
gen atmosphere. The heating rate was 200 K min—! and the time of isothermic
dwell at 2020 K was 30 to 60 minutes in dependence on the course of shrinkage.
The pressure was applied on attaining the temperature of about 1900 K, when the
specimen already contained a liquid phase. The shrinkage curves obtained are
shown in Fig. 5 as plots of relative density vs. isothermic time of dwell. The dia-
gram demonstates the effect of the various additions on the rate of compacting.
One can see that specimen H8 was densified at a much lower rate than S8, obvi-
ously owing to different amounts of the liquid phase and different mechanisms
involved in the formation of §-SizN4 and f’-STALON. The addition of SiC likewise
slowed down the course of compaction, as it behaved as an inert material in the
first approximation; this is indicated by curves S8 and S8C which show that SiC
did not take part in the material transport.
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CONCLUSION

The equipment described allows fully dense non-oxide ceramics to be prepared
under simultaneous effects of temperature of up to 25600 K and pressure of up to
40 MPa in an inert atmosphere or in vacuo. The maximum possible heating rate
is 300 K min—1. The working space diameter is 30 mm and the hot zone is 80 mm
in length. The temperature gradient along the specimen is 5 to 10 K. The equip-
ment includes a dilatometer exhibiting a maximum sensitivity of 2 um and per-
mitting the kinetics of sintering to be determined. The size of the specimens, up
to 15 mm in diameter and 7 mm in height (after shrinkage) allows the equipment
to be used directly in the manufacture of semiproducts for the manufacture of
cutting tools, bearing components, an the like.

The equipment was awarded the third prize in the competition of instruments
and apparatus developed at the institutes of the Czechoslovak Academy of Scien-
ces and the Slovak Academy of Sciences.
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LABORATORNE ZARIADENIE NA HORUCE LISOVANIE

Miroslav Uhrik

¥ stav anorganickej chémie SAV, Dibravskd cesta 9, 842 36 Bratislava

Skonatruované laboratérne zariadanie na hortce lisovanie umoziuje pripravu hutnyen kera-
mickych materidlov spekanim préskov za stiasného pdsobenia teploty od 2600 K a axidlneho
tlaku do 40 MPa v inertnej atmosfére alebo vo vékuu.

Zariadenie pozostdva z pecnej &asti umiestnenej v jednoduchom pékovom lise, dilatometra
a napéjacieho zdroja. Plast pece a priruby, ktoré sidasne sluzia ako elektrické privody st chladené
vodou. Ako vyhrevné teleso je pouzity grafitovy meandrovy element. Okolo neho su grafitové
tienenia a izol4cia z grafitovej vaty a vaty Sibral-super. V pracovnom priestore je umiestens gra-
fitové lisovacia forma so vzorkou a grafitovymi piestami na ktoré posobi silou pékovy lis. S4-
gastou zariadenia je indukéni snima& polohy, ktory umoziiuje sledovat zmrastenie vzorky podas
spekania. Teplota je merand termo¢lankom WRe6—WRe20 umiestnenym v spodnom pieste.
Zaradenie je napajané z vykonového transformétora, ktorého primérna &ast je riadend pro-
gramovateInym reguldtorom EUROTHERM.

Vzorky o priemere 16 mm a vyske 7 mm je moZné pouzit ako polotovary pre vyrobu reznych
doatigiek, sudasti lozisk a pod.
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Obr. 1. Laboratérne zariadenie na horice lisovanie.
Obr. 2. Schematicky rez pecnou Sastou zariadenia (diagramatic view on section of the furnace).
Obr. 3. Grafitovy meandrovy element a forma s piestams.
Obr. 4. Teplotny spdd pozdls vzorku pri teplote 2100 °C.
Ts — teplota pozdls vzorky
T'tc — teplota merand termoélankom.
Obr. 5. Zéwvislost priebehu hutnosti od Sasu izotermickej vydrke.

JABOPATOPHAA YCTAHOBKA JJfA FTOPAYETO MPECCOBAHUA

MupocaaB Yrpuk

Hucmumym wneopeanuvecroii zumuu CAH, 842 36 BEpamucaasa

CoGparHas s1a6opaTopHAs ycTaHOBKA jJIA TOPAYEr0 NpeccOBAaHM: NpejlHA3HAYeHA IJIA
IPHTOTOBJIEHASA TBEPAKIX KePAMAYECKNX MaTepHaJIOB CIeKaHHeM IMOPOIIKOB OPH OJZHOBpe-
MeHHOM fieiicTBIE TeMBepaTypw fio 2500 K u axcuannEOro gamienns go 40 MIIa B mEepTHOMH
cpelie MM BO BaKyyMe.

YcraHOBKA COCTOMT M3 4YacTH IeYl, pasMeNleHHON B HECJOKHOM PHIYaKHOM IIpecce,
Au7IaTOMeTPa M MCTOYHMKA nuTaBEMA. Pybamka medun m ¢aammer, ciyskamme A IOIBOJA
3JIEKTPHUECKOH 3HePrmM, OXJaKaaloTcsA BoAod. B kavecTBe HarpeBaTelsHOTO Tejla JIpuUMe-
HAETCs1 IpaduTOBLI MeaHAPOBLIM 37eMeHT. B6iu3u gero pasmenieHsl rpaguTOBLIE 3KPaHUPO-
BaHAA U M30AANUA U3 rpaduToBOM BaThl M BaThl Sibral-super. B paGouem mpocrpamcTBe
momemeHa rpaguroBas mpecc-gopMa ¢ OpoOod # ¢ rpadUTOBHIMN IODMHAMH, Ha KOTODHIE
AedcTBYeT cHIOH phriYakHHIMA mpecc. CocTaBEOM JacThI0 YCTAHOBKH fABJISAETCA MHAYKTHBHBIH
JATIHK [DOJIOKEeHNdA, ¢ HOMOMbBIO KOTOPOI'0 MOHO YCTaHABIIMBAThH OOMIYI0O ycaIKy BO BpeMs
coekaEnsa. Temmepatypa uamepserca TepmoaiemeEToM WRe 5—WRe 20, Baxojamumcsa
B HUKHEM DOPIIHe. Y CTaHOBKA IATaeTcsA TPaHCPOPMATOPOM BHICOKOH MOIMHOCTH, ITepBUIHAA
acTh KOTOPOro ympasiisieTcA mporpamMmupyembiM peryiaropom EUROTHERM.

ITpoGs1 ceuernmeM 15 MM M BEHICOTOH 7 MM MOMKHO HCHOOJIB30BaTh B KagecTBe 3aroTOBKH,
TIpefiHA3HAYEHHO! [i71s1 MPOM3BOACTBA PEKYIINX IIACTHHOK, COCTABHHIX vacTel IIONINKIIHH-
KOB M T. JI.

Puc. 1. Jlabopamopras ycmarnoska 0as 20pAnezo Npeccosanus.

Pus. 2. Cxemamuueckoe ceuenue 4acmbio YCmaroskl ¢ Newbo.

Puc. 3. T'pagumossiii meardpossiii aremenm u Gopma ¢ nopuyHAMU.

Puc. 4. Temnepamyproe naderue 6doav npobsr npu memnepamype 2 100 °C, Ts — memncpa-

mypa 60oab npobul, Tye — memnepamypa, UBMEPREMAL MEDMOINEMEHNOM.
Puc. §. 3asucumocmd xoda naomrocmu om 6peMEHU UIOMEPMUNECKOU 6bLOCDHCEU.
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Fig. 1. Laboratory equipment for hot pressing.

Fig. 3. Graphite meander element and the die with pistons.
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