82

VLIV PLYNU ZACHYCENEHO V PORECK PRI SLINOVAY . SOLARISACE
KERAMUCKYCH TELES

Ignazio Amato

Seuhm

- emenanan

_ Byly vydetfovény ulinky nedifundovatelnych plyrnd, zachy-
cenych v porech kereamickfch t&les. Ukszuje se, %e nndifundova-
telné plyny zachycené v pribshu iruhého stupn® slirovectho pro-
cesu v porech keramickych t&les nebrén{ materidlu, aby doséhl
vysokého stupn® slinutf ve vy3i 95-98 % teoretické hodnoty.

V tomto pi*{psdd vdak hutnéd keramickéd t&less obsshujf staclondr-
n{ bublinky v rovnovdiném stavu.

P¥L ristu zrna jsou und3deny staciondrnf bublinky pohybem
v ‘mnic 2zrn & shlukuj{ ase,v disledku Zeho vznikaj{ rovnovédiné
bublinky bi‘i objemu v&t3im, nef je soulet objemu primédrnich
staclondrnich bublinek. V souhlase s energstickym polem hrani-
ce zrn nastlvd ko3lescence butlinek pfednostné-po hramnicich
zm, kde se bublinky spojulil a vytvérejl velké integranulédrn{
dutiny. Shora popsané chovéni bylo potvrzeno Fadou pokusi s
kyaliZnikem uranilitym.

BIWAHWE I'A3A SAXEAYEHHOI'C B NOPAX B TEYEHME CIEKAHWS
Ji COXEPKIALMA KEPAMNECKMX TEBI
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nocTHYr BHCOXOE nACTHOCTR CHEKBEMA B npefezax or 95 go 98 §
Teoperniecroll sexmquuu. HO B 3TOoM cayuae nxoTaue KepauulecEne
Texa CONSPXET CTANUMORADHHE NYySHPHKK B DABHOBECHOM COCTOSHIN,

Bo BpeMs POCT@ 36PeH CTANUORADHNE NYSNPLEN YROCSTCS BCIOX-
cTBue NEMNORMA TPAHKL SOPEH M 3TH NYIHDLKK CRODASDTCR (X08ZeCe
uMPyNT), BCAGACTEAE ‘Wero ZOXOANT X OCPErUBARMD DAE JBECHNX my-
SHPLKOB € GOALTIM OOBEMON, WeM DPEJCTREBISRT CYMME OCmexs nep-
BYYHNX CTAXONBPHEX NySHPsXOB: B corzscuk_c auepleTusecxuu po-
Zex rpanEIN SepeH QOP&SYeTER KOBABCHGH IR nyaxi;;‘itm fpeiymecr—
BEHHO HA TDANUIAX Sepel, TAe OYyeHPbKK Coe sHFETCA M 0OpaByDT
GOXpUIMEe MEATPEHYASPHRE DAKCEMHH.

Buue npuBeNeHHO® NOBEXeHKe GHAC NOATBEPXKAEHO DPAKOM ONRTSS
¢ RByOXMCHLD YpaHa. '

EINFLUSS DES WAHREND DER SINTERUNG UND SOLARISATTION
DER KERAMISCHEN KORFER IN POREN AUFGEFANGENEN GASBS

- o " D - 0o . S0 S S S A Y p g S, e

Ignazio Amato
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Es wurde die Untersuchung der Wirkungen von nichtdiffun-
dierbaren, in Poren der kersmischen Korper sufgefengenen Gase,

durchgefthrt.

Es het sich gezeigt, dass die wghrend der zweiten Etsppe
des Sinterungsprozesses in Poren der kersmischen Korper sufge-
fengene nichtdifundierbare Gase dem Materisl kein Hindernis in
den Weg legen um den hohen Grad von 95 % -98 § dee teorstischen
Wertes der Sinterungsdichte erreichen zu konnen. In diesex Fall
eber enthelten die dichten kersmischen Korper atstionere
Bléschien in susgeglichenem Zustand.

Beim Kornwsclistum werden die stetionare Blasrhen durch die
Korngrerzinbewegungsn rittgerissen und sgglomerieren mit-den
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neuentstehenden eusgeglichenen Blaschen bef einem Inhalt,der
- die Summe der primaren ststionsren Bléschen uUberhcht.

In Obereinstimmung mi dem energetischen Korngrenzfeld,
entsteht sufl den Korngrenzen vorzugsweise die Kosleszenz, wo
sich die Blascben verbinden und formen gmsse interpz-anulane'
Kavemen. : :

' Oben zusmengefastea Verhalten wurde bcu stigt durch
eine genze Vers_ "mreihe mit dem Urandio,.yd.-
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AND THE SOLARTZATION OF TE CERAMIC BODIES

lgnazio Amato, Turin, Italy = FIAT Nuclear Dspt.

Swamery

Thaoﬂ.cto 0of noa-diffusible gases trapped within the pores of the
ceramic bodies were exaamined. It is ahown that the non-diffusible ga-
wes trapped during the second stage of the sintering process in the
pores of the ceramic bodiss do not hinder the material tc resch a high
sinter density such as 95.~ 98 X of the theoretical value. In this ca-
se, however, the dense cermxic bodieas ccntain statiocnary bubbles in

ths equilibrium canditions, | |

During th- grain growth, the grain bmmd.ry ﬁmta sweop tho sta-
tionary bubbles snd these bubbles coalesce, criginating mew equilibrium
bubbles with volume 1u-g-r than the sua of the volume of the primary '
ataﬁmary bubbles. In socordancs with the gresin boundary emsrgy field,
the eoaluéenco of the bubbls occurs preferemtislly .lt grain boundaries.
whare thes bubbles link and form large intergranular cavities. ‘
The behaviour described e confirmed by a series of experiments on

ursnia.

1 = Introduction
The gas trapped in the pores at closure may ishibit the rate of pore
closure (1, 2). This effect csuses the dsasification rute to decresse

as dmityfinan.--; in this line, Coble (3) bas shown that nitrogen
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,(or air), argon and helium at cne atmosghere inhibit sintering of
. dlM to the thearetical density and that 'theoretical density is
achieved ir. the atmosphere is hyc!.roéen, ~axygen or vacuum. Konsour i‘-ﬁd
¥hite (4) have shown thaﬁ. the diffusion rates of gases trappéd in the
pores of the urania sirnt2red “odies control the pore evolut.ion: 1T the
difrusi.qn‘,is very fagt, all the pores shrinkj if the diffuaipn is very
slow, pores shrink until the gas pressure inside them rggch the value
of 2 y/r, where y is the surface tension ‘of the material and‘r is thfa
radius of curvature of the pore; in i.ntamlxedigte ceses, gases dif’fgse
under a pressure gra.d:.ent from samller pores (which will shrink) to
larger pares {which will grow). Amato and Colombo (5~7) have shown that
the occurrence of a mgres§1an. c;f the fimf:l‘dens"i‘ty‘, (solarization),
of steam and hydrqg;n siqﬁereﬁumﬁia bodies‘ is_ due to the gases, ori-
giﬁated Trom the. organic compound‘s»added‘to the powder in ‘o'rdler 'to
make easier tlie pressing operation; theﬁc gas;s are né»t able 1o daffu-
se in the ceramic bodies.and are trapped in closed pores of the material.
In conclusibn;' it is ascertained that _thé r;dn—diffusible gases trapped
in the closed perez zre responsible for the following phénpména:

i. ,tojinhibi‘.. sintering to the thgomiical density; |

ii. o gecnerate 2 regression of the fix;éd density of the ceramec

"bodies submitied for long time _at high t_empergﬁure treatment.

Scope of thi}s paper is a discussion on the mechanisn which regul.atas‘

the above suqarized pﬁmonena.
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2 - The_sintering inhibition originated by the gms Lrapped within

the ggres
A porc is a place surrcunded by'solid matérial vhere no solid material
exieits. When a relatively pigh has pressure existe in the pore, 1%
is named bubble. An emuilibraum spherical butble 15 a butble where
the gas pressure, p, is ba1a£eed by 2 surface tensiqn restraint, 1' '

N M 2 ) ‘ .
(in the range of 1000 erg/cm for ceramics), such ihnt the following

relation te satiéfied:

pr--‘?-z- - ‘ (1,

T

where r is the ewilnﬁriﬁm rgdiua for a bubble with ges trapped =t
the pressure p.
fow, the pore size distributioﬁ of thc‘ceramic'bodics subwit&ed.tciﬂhc :
sintering process is as shown iﬁ figure 1: 1t is appar?nf that the .
cpen porosity can be divided iri two fractions, Ene made of ceorse voids
having diameters larger’than 0'2J‘ and ocne, the large mnjority, made'l
with fine pores with diameters ranging frlom 0.2 j& to 'n value lower
than the detection.tresSold éf the porosimetier, i.e.'O.Cde .
ﬁow,bsince the pores at'the cloqure have a value of the internal preg-

. sufe ofjnan—diffus;blé éaées-cf about qne atm§sphere, itvls eaéy ic

calewlate the radius of the emuilibrium bubbles, sssuming, of course,

" that no grain growth and né pore coalescence occur during this step

of tpe sintering ﬁrécesa.

However, it is possible to write thﬁt a sphefical bubble with 3 non—dig‘

fusibple gas ‘ti-apped within it l;:é,y shring-ﬁntil the folloﬁng reletion

.

is satisfied:



initial pressure of non—diffusible gases X initial bubble volume =
= ‘final pressure of non—diffusible gaset X final bubble voluma.
Sincé the initial pressure of non- diffusible gases is approximately

1 ztmosphere, it is possible to write the following relation:

2 3 ‘
1 atm 1 -i-‘lf ..%i X ..‘:..fr (2)
- Te 7 £

where :r;,' 1’3'&_;}3 initin] radius of .he bubble and Ty is the radius of
the bubble -obtained when th; internal preuéure-bf no&idiffusiﬁle guoen
is balenced by the surface tépﬂion.

~ So, f;} cach:di;metcr of the pare of the ceramic bodies sutmitted to

' the sintering process, it is possidle thrbugh the relation (2}, %o cal
culate the value of‘the»equilibrium~bubb1é (iameter. Tﬂc;Table i sum~
_ marizes thc values of equilibrium bubble diameter of each value of
initinl pore diameter: it can be seen thai, first of all, the fine
porcsily, ﬁhich is the’large-majcrity,‘is absorbed_ by the.sintered
vodies o=nd p;PCfically disapprars, aecondiy, the coarse. porosity dosnv
not  disappenr because it renches tﬁé equilib¥ium bubble diameter. with
sizeéble d:mension of the bubble.

'The’main conclusions that can be drawn from these considerations are
that a ceramic body with ﬁon—diffuzible gases traéped in the pores mey
riach dur?ng the eintering pr?cnss fired dénuity veTy near to the |
thqéretical valﬁe.(97%98% T.D. ., cvén if fired Qengitié; equal io the

theoreticsl value are theoretically impossible to achiev§.
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3 - Regressicn of fired density of ceramic bodies originated by

the eruilibriom bﬁbbles

¥When the gréin'growth occurs within thg'éintered'ncrnmic Lodies, for
instance, uhén tke boedies are guhmitted for lﬁng time Lc = “igh te=pe~
rntu;eAtreat;ent, the equilibrium beble;mAy e s;ept tc the gr;iz
boundaries and doélésce togéthcr. In this cuse, hqwcvcr,'sxncc the
bgbbles, before the rollision, h~ve the cwuilibriumfpfensure beiween
the pressure.of.nonrdiffusible snses trapped within.the rores *;3 the
pfessure,due to the surface tensioﬁ; after corlescence, since the new
bubble radius is lerger.'v the new éou.ili"orium 2 X/r pr;‘-:sure muet e
19wer. Conseguently, there exists an excess pressurc ¢f tlLe gus, not
‘balanced by surface tensicn, wﬁiéh causes a étrain field in the mairix,
thereby setting up a vacancy gradient, und vacancies diffuse into the
bubb]gs until ;he pressure is again balanced by the surfﬁré tennicn.
The net result then, aféerAvolumé édjustmént, is tﬁnt the new butbles
occupy A larger volume than the sum of the initial bubbles and conse-
quently the external éfmension‘of the sintered body must incrence.
In order fc'give hi genéral-idea of this swelling pnenomencn 1% can e
seen that if two equilibriuh.bubsles of emual volume coilecce, the
radius of the.new_hubblé before ihe swelling, ‘is 1.26 ro;.while the
radius of tﬁe nei.équilibrium>huﬁb1e, thergfofe-after‘swelling, obtai;
ned #hrougg'the resglution‘of‘fhe follawing relation: '

R Rt e SN L I €
'is re - 1.4i T oo |

In order to kave » better knovwledge of the ccalescence znd swelling
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phenomtnia, it i@ not necdlesg to add thet, nccbrding to the Hichols!
experiments (8), the‘coaleséenée is a surface diffusion controlled .
process, while the sielling 'nequirea '.roh;mc diffusion of vecancies
and so oecurs 2t @ decidedly slover rote,

A confirmation of the above summariz.ed behaviour has. ticen :;Dtgiped
through some exrperiments performea on sintercd urnnj::\w«iieg. While
urania bodies without bubblesn : abniited to long time - high tempera~
ture ‘treatm;:rit increase the grain aize .ar:\\' the i"ire.d dengi'hy {fig. 2),
urania bodies with bubh‘lenlshow, after an ap;lropf‘in'tﬂ Thont troatment,
bubb) eaAaligned a#épﬁling to. a aorh of o 'threc—dimensional, lapgely
ir}tere;ranulér network (fig. 3). Since the bubbles swelling occurs by
stress induced vacancies diffusion, also inn this case, as in the creep
rupture s_tuciies of Bull and Ri@cr (9), the zome of growing bubbles
mst be the grain boﬁn@'}ries; ccmsequeytly i't can‘be seen Lhaitvth’e
gr.owi.ng bubbles mex;ge together at grain bc.undar‘i-es (fig. 4, ending

up in macroscopic’ intergranular cavities (fig. $).

3 - Contclusion.s'

Tee gain conclusionr drawn from the above s‘peculatiﬁe remeks are the

fol]_.owing: |

i. ‘tne size of the peres ‘ot,the ce@c bo'dies‘ submitted to

‘thAe ginteripg p:;oc'esa is such that non—ciif_fusible gaéés
‘.'.:rap;:ed in the bores do not'pm\.;ent ‘?hat ‘f.hé. ceramic
bodies reach very high fired de .aii‘;v (97-98% of the
tf'heorétical vn‘hxe).; héwever,'tt‘;egé c.eranf‘.c v‘ondies"h:;w‘e

very saall equilibrium bubbles;
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ii. when grain Srowth éccurs in dense ceramic bodies having
equilibrium bubbles, the material swelle and.'the emqui-

libriur bubbles coalesce in large intergranular cavities.
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Tadble 1 - Eouilibrium bubble diameters for different diameter of

initial pore of the ceramic body submitted tc sintering

Treatment.
Initial diameter { Y ) ‘ Equilibrium diameter
0.01 - , ' ' 1.56 . 2
0.02 . ' - 4.42 i
0.03 ‘ 8.13 X
0.04 o 12.52 t
10.05 17.50 2
0.06 23.01  {
! 0.07 _ 2B8.99 2
' 0.8 ‘ 35.42 2
0.09 42 .27 2
© Oat 0.00479 ®"
0.2 C.0140 +
; C.3 0.@57 »
§ 0.4 - 0.0396 e
{ 0.5 0.0552 n
0.6 0.07127 P
0.7 0.0517 "
0.8 0.112C "
0.9 0.1336 "
! 0.156 [
2 0.442 I
3 C.813 o
4 1.252 I
3 1.750 s~
6 2.301 o
1 2.89% no
§ 3.542 R
? 4.227 [
10
20 14'951 B
30 §-00 ok
20 25.728 - JI8
. 3%.501 -

e e e A PR AN £ S 4+~ hok s < 1

i e



Fig. 1 ~ Open pore d
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?‘isi. 2 - Urania bodies without bubbles (thermal etched, 256 x)
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~Fige 3 -Ura.nia. bodies ‘at the';initi'ai 'bubble ‘coalescence u(ft.}:emal\v
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750 x)

ig. 5 - Intergranular cavities in sintered urania bodies originated

by equilibrium bubbles co~lescence-(thermal etched, 750 x)



