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EDITORIAL 

L. C. De Jonghe 

This is the second of the Cera
mic Bulletins, and you will find that 
the number of contributors has in
creased significantly. Many of you 
attended the Ceramics Gordon Confer
ence this summer and it was clear 
that a strong and continuing interest 
in ceramic processing exists •. A par
ticular indicator was the widespread 
interest from industry. Similarly, 
the sessions on processing at the 
American Ceramic Society meetings are 
very popular. It appears that 
research is moving away from the 
attempts at unraveling the details of 
atomic transport mechanisms and at 
predicting sintering kinetics. The 
new focus concerns powder packing, 
powder rheology, rearrangement and 
other many-particle problems. This 
development is a needed one and will 
have the highest impact on those 
aspects of ceramic fabrication tech
nology where scientific guidelines 
have been conspicuously absent. 

For Reference 

Not to be taken from this room 

AMES LABORATORY 

CERAMIC PROCESSING 

M. Akinc, M. F. Berard 
and 0. Hunter, Jr. 

Rm 18 Metallurgy Building 
Ames Laboratory 

Iowa State University 
Ames, Iowa 50011 

Tel: Akinc (515) 294-5900/ 
FTS 865-5900 

Berard (515) 294-6964/ 
FTS 865·6964 

Hunter (515) 294-2224/ 
FTS 865-2224 

Program· Sco'pe 

The program is a study of the 
influence of individual processing 
steps on the morpho 1 ogy and s i nteri ng 
behavior ·of oxide powders from in
organic precursors. Hydroxide pre
cursor preci pit at ion and precursor 
dewatering procedures have received 
the most attention to date; however, 
the calcination and sintering steps 
and other inorganic precurors routes 
are also under investigation. Much of 
the work so far has concentrated on 
pure Y203, but other rare earth 
oxides as well as zirconia and hafnia 
and combinations of these materia 1 s, 
are also receiving attention. 

Lawrence Berkeley Laboratory is an equal opportunity employer. 
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Recent Results 

In preparing hydroxide pre
cursors for Y203 from acid solu
tions of the cation, important mor
phological and sintering behavior 
differences are observed between pre
cipitates produced by adding the acid 
solution to the base (A/B method} and 
those produced by adding the base to 
the acid solution (B/A method}. For 
a final precipitation pH of 10 with 
water removal from the precipitate by 
oven drying at l10°C' the following 
general observations hold: 

A/B Method. The precipitate is 
quite gelatinous and oven dries to a 
hard often glass-like material which 
appears as featureless shards at high 
magnification. The material will 
calcine to yield a poorly sinterable 
Y203 powder (sintered densities 
of 85-90% of theoretical). The sin
terability can be greatly improved 
(98%+ of theoretical) if, instead of 
oven drying, the A/B precipitate is 
dewatered either by the acetone
toluene-acetone (ATA) washing process 
or by controlled humidity drying 
(CHD) at 90°C/95% R.H. In these 
cases, the dewatered precursors are 
soft and friable with a morphology 
consisting of aggregates of plate
like particles. 

B/A Method. The precipitate is 
less gelatinous than A/B material and 
oven dries to a fluffy friable pow
der. The morpho 1 ogy of the dried 
precursor is platey with "card house" 
aggregation. This material will cal
cine to yield Y203 powder of 
similar sinterability to that pro
duced by ATA or CHD dewatering of A/B 
precursors. 

The fi na 1 pH during batch pre
cipitation of hydroxide precursors 
can have an important influence on 
oxide sinterability. For the case of 

Y203 precursors prepared by the 
A/B method, it is found that a final 
pH of 7 to 9 will yield highly sinter
able oxide powders {96-99% of theoret
i ca 1) regardless of whether the pre
cursor is oven dried or dewatered by 
ATA or CHD procedures. (It should be 
noted that A/B precipitation of hydro
xide precursors for Y203 is not 
complete if the final pH is below 
about 8.5). At a final pH of 10,. 
however, the sinterabil ity of powder 
from the oven dried precursor is very 
poor (as described above), while that 
from ATA or CHD precursors is essen
tially the same as those prepared at 
1 ower final pH. 

Dr. Mufit Akinc has joined the 
Ames Laboratory staff to assume over
all direction of the ceramic process
ing work. 

CORNELL UNIVERSITY 

HIGH TEMPERATURE BEHAVIOR OF 
SILICON NITRIDE 

Rishi Raj 

Department of Materials Science 
and Engineering 

Bard Hall 
Ithaca, NY 14853 

Te 1 : ( 607} 256-4040 
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with silica during fabrication and 
3) incomplete crystallization of the 
glass in glass-ceramic materials. 
The residual glass is harmful because 
it degrades mechanical behavior at 
high temperatures and, possibly, 
corrosion behavior at 1 ower tempera
tures. Our effort has been to under
stand why the glass is difficult to 
crystallize completely, and to obtain 
the fundament a 1 kinetic data for 
dissolution/precipitation of the 
ceramic in the 1 i quid phase. Two 
important systems, lithia-alumino
silicate e-spodumene glass ceramic 
and MgO fluxed e-Si3N4, have been 
studied so far. Results are des
cribed below. 

Thermodynamic Stability and Crystal
lization of a Glass Segregated in 
Grain Boundaries 

In a series of two papers (Raj, 
Jour. Amer. Ceram. Soc., 1981 and Raj 
and Lange, Acta Metall., 1981) we 
have shown that it may well be 
impossible to crystallize a small 
amount of glass which is segregated 
at triple grain junctions in poly
crystalline ceramics. One reason is 
that surface energy and morphological 
considerations render the glass 
thermodynamically stable even below 
the crystallization temperature for 
bulk glass of the same composition; 
this will be true as long as the 
dihedral angle of the glass in the 
grain boundary is less than n/3. The 
other reason is that even if the 
glass were to crystallize into a 
third phase, the volume change 
associated with the phase trans forma
t ion would set up 1 arge hydrostatic 
stresses in the triple junction and 
oppose further crystallization. In 
most instances only one half of the 
glass in the triple junction pocket 
would crystallize, then crystalliza
tion would stop. These thermodynamic 

calculations have particular relevance 
to glass-ceramic and liquid phase 
sintered/hot-pressed silicon-nitride 
materials since complete elimination 
of glass would improve properties. 
However, this may not be a feasible 
solution to the problem. 

Kinetics of Dissolution/Precipitation 
in a 8-spodumene LAS Glass Ceramic 

A novel technique was used to 
measure the rate of dissolution and 
precipitation in this system. The 
composition of the alloy consists 
of Li 20.Al 203·4Si02 + excess 
Si02· lhe Si02 forms solid solu-
tion with the LAS compound. Above a 
temperature of about 1323 K there is a 
transition to a two phase (solid + 
liquid) equilibrium, and above 1500 K 
the polycrystal melts. The technique 
was to heat-treat the po 1 ycrysta 1 in 
the two phase region to measure the 
dissolution rate and then re-heat
treat below the solidus temperature to 
measure the rate of recrystallization. 
The kinetic data so obtained were used 
successfully to predict the magnitudes 
of the creep-rates in this materia 1 
using a model based upon a solution/ 
precipitation mechanism (Raj and 
Chyung, Acta Metall. 1981). We 
believe that it is essential to have 
this type of data in order to obtain a 
quantitative comparison between mecha
nistic models and experiments for 
phenomena such as densification, 
liquid phase sintering, creep, and 
creep-fracture. 

Kinetics of Dissolution/Precipitation 
in the System 8-Si~ (Mg-$1-0-N) 
Glass 

Kinetics were obtained by a 
measurement of the dissolution rate of 
s-Si3N4 in the glass in the 
temperature range 1373 K to 1623 K. 
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It was determined that the fallowing 
reaction Si3N4 + Si02 = 
2Si2N20 provided the ariving 
force for the reaction, while the 
rate of dissolution of Si3N4 in 
the glass was the rate controlling 
step in the kinetics. Kinetics of 
precipitation of Si3N4 could not 
be obtained directly by measurement 
because apparently the driving force 
for precipitation is very large which 
makes it nearly impossible to retain 
s-Si3N4 in the glassy state, even 
when very rapid quenching rates are 
used. To a first approximation we 
assumed that the kinetics of precipi
tation were the same as the kinetics 
of dissolution. Again very good 
corre 1 at ion was obtai ned between the 
predicted and measured creep-rates 
using the solution/pr:ecipitation 
mode 1 • The activation energy for our 
kinetic data compared very we 11 with 
that for dens i fi cation rates of MgO 
fluxed Si3N4. 

Activation Energy for Densification 
Rate of HP-Si3~ 

The activation energies for 
various rate processes in 
HP-Si3N4, including densifica-
tion, creep and grain boundary 
sliding, are consistent but large, 
approaching the heat of sub 1 i mat ion 
of Si3N4. Invoking solution
precipitation through the inter
granular fluid phase as a common 
underlying mechanism, we concluded 
that the higher activation energies 
were the sum of two factors: One 
arising from the equilibrium concen
tration of s-Si3N4 in the liquid 
phase, and the other from the fre
quency of atom jumps in the fluid 
phase of across the crystal-fluid 
interface. Apparently the concentra
tion has a very st~ep temperature 

dependence, i.e., the heat of solution 
of crystal Si 3N4 in the glass is 
large. This result is in accordance 
with the finding that it is difficult 
to retain s-Si 3N4 in the glassy 
state. If our inference is correct, 
then the method of making nitrogen 
glasses is to find. compositions in 
which the heat of mixing of Si3N4 
(1 iquid) with the other constituents 

·is highly exothermic. 

FAST OXYGEN-ION CONDUCTORS 

A. S. Nowick 

Henry Krumb School of Mines 
Columbia University 
New York, NY 10027 

Tel: (212) 280-2921 

Program Scope 

A study is being made of defect 
interactions. in ceri ~ d~ed w~th 
tr~valent ions

3 
such as Y +, Gd +, 

La + and Sc +. These dopants 
introduce oxygen-ion vacancies into 
the fluorite structure of ceria· which 
contribute to the ionic conductivity, 
thus creating a good solid oxygen-ion 
electrolyte of the type that is of 
interest for oxygen sensors and high
temperatu re fue 1 cells. The obj ec
tives of the work are first, to deter
mine the predominant defects that form 
at low concentrations (< 1 mole% 
dopant) and how these defects are 
modified as the concentration goes up 
to high values (even up to 40 m/o). 
In addition to conductivity measure
ments, dielectric relaxation and 
internal friction methods are being 
employed. 
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Fabrication 

In this work, the question of 
optimum methods of fabricatibn of 
samples has arisen. It was found 
that samples produced by· chemical 
co-precipitation are superior to 
those produced in the usual way be 
mechanical mixing of sintered 
powders. The chemical method 
consists in dissolving the oxides in 
nitric acid and reprecipitating them 
by . the addition of NH40H. After 
fi 1 teri ng 'and drying, the powder was 
calcined ~t 1000°C for 12 h then 
reground and pressed into pellets, 
and finally sintered at 1500°C for 
4 days. The sample density thus 
obtained was usually greater than 90% 
of the theoret i ca 1 density. The 
grain size of the chemically pre
cipitated samples was more uniform 
and the reproducibility of the 
conductivity measurements much 
greater than for mechanically 
prepared samples. 

Recent Results 

The most extensive conductivity 
study was carried out with the 
Ce02:Y203 system. A striking 
conductivity maximum was observed at 
-3 m/o Y203. It was shown that 
in the 'dilute range (~ 1 m/o 
Y203) an oxygen vacancy is 
associated with one y3+ ion to form 
a charged (incompletely compensated) 
pair. The conductivity increases in 
this range due to a decrease in asso
ciation enthalD.>: HA, which varies 
linearly as c113 due to electro
static interactions. In the high 
concentration range, on the other 
hand conduct'i vity decreases sharply, 
and HA increases, due to the 
development of deep vacancy traps. 

LA WHENCE BERKELEY 
LABORATORY 

UNIVERSITY OF CALIFORNIA 

REFRACTORIES PROJECT: PROCESSING AND 
CHEMICAL-MECHANICAL STABILITY 

L. C. De Jonghe, A. G. Evans, 
and D. P. Whittle 

Materials and Molecular 
Research Division 

Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

and 
Department of Materials Science 

and Mineral Engineering 
Berkeley, CA 94720 

Tel: { 415 )486-6138/FTS 451-6138 

Pre-Eutectic Densifications in 
Reactive Powders 

Refractories are typi ca 11 y 
prepared by reactive sintering of a 
number of component oxides. In such 
materials, it is desirable to control 
microstructure, porosity, phase dis
tribution, and phase composition to 
within specified requirements. During 
the fabrication of such ceramics, 
transient or reactive liquid phases 
usually are present and play an 
important r.ole in the final pore and 
phase distribution. These pore and 
phase distributions, as well as the 
microstructural aspects of the dense 
parts of the ceramic, wjll largely 
determine the high temperature chemi
cal stability and mechanical proper
ties. The first step in the under
standing of the sintering of chemical 
reactive powders is the study of the 
pre-eutectic .densification processes. 
Such pre·eutectic densification 
processes were studied on the model 
system magnesium fluoride-calcium 
fluoride. This system has a eutectic 
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at 980°C and its components have 
limited mutual solubility. Dilato
metric studies can therefore be 
conducted below 1,000°C. Of 
particular significance were the 
pre-eutectic dens i fi cation rates, as 
well as the associated grain growth 
phenomena that occurred during this 
densification. 

Powder mixtures of magnesium 
fluoride with small additions of 
calcium fluoride were prepared and 
pressed to a standard 55% of the 
theoretical density. The specimens 
were s i ntered by three different 
methods: 1) Arrested zone sintering, 
2) constant heating rate si nteri ng, 
3) constant temperature sintering. 
The microstructural evolution and 
local shrinkage could be examined for 
long samples that were partially fed 
into the hot zone of a furnace kept 
at some fixed temperature. Shrinkage 
rates were determined as a function 
of time and temperature in the 
constant heating rate and constant 
temperature s i nteri ng experiments. 
The grain sizes were determined from 
etched and po 1 i shed sections of 
samples. 

Enhanced densification below the 
eutectic temperature is observed for 
the magnesium fluoride containing the 
eutectic additive calcium fluoride. 
Enhanced densification begins as much 
as 200° be 1 ow the eutectic tempera
ture. The effect appears to saturate 
at 1 wt% of calcium fluoride. 
Interestingly, the grain size still 
remains fairly small although there 
is a significant increase in the 
densification rates. For the 1 and 
the 5 wt% calcium fluoride containing 
powders, the maxi 1nwn dens i fi cation 
rate was about 100°C be 1 ow the 
eutectic temperature. Calculations 
of the dens i fi cation rates, based on 

inter-diffusion data obtained from a 
calcium fluoride-magnesium fluoride 
inter-diffusion experiment, showed 
that the enhanced pre-eutectic dens i
fication had to be due to signifi
cantly enhanced grain boundary trans
port. Scanning auger microscopy of 
intergranularly fractured samples also 
showed significantly enhanced calcium 
concentrations at the grain bounda
ries. The experiments thus demon
strated the significance of grain 
boundary processes in pre-eutectic 
densification of chemically reactive 
powders. Future research is concerned 
with the calcium oxide-aluminum oxide 
system which is the basis for a large 
class of practical refractories. 

Microstructure Development (A.G.E.) 

Analysis of the motion of grain 
boundary 1 ocated pores indicate that 
the pore distribution that necessarily 
accompanies pore motion results in a 
maximum possible steady-state pore 
velocity, vp, that varies appre
ciably with the dihedral angle. The 
separation of pores from grain bound
aries is intimately associated with 
this peak velocity. Ancillary studies 
of grain boundary shapes during pore. 
drag indicate that the grain boundary 
is metastable during pore drag and 
hence, that the boundary can converge 
onto the axis of symmetry, causing 
breakaway, whenever the remote grain 
boundary velocity vb exceeds vp. 

The actua 1 pore separation 
process based upon the requirement 
that Vb ) Vp depends upon the 
grain configuration. The grain 
geometry that provides the lower bound 
for separation is the three-sided 
grain associated with grain disappear
ance during grain growth. This 
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configuration yi e 1 ds a crit i ca 1 pore 
size for the onset of separation. 
This critical size increases as the 
surface diffusivity Dsos 
increases or as the grain boundary 
mobility Mb and dihedral angle $ 
decrease. For other grain configura
tions, separation occurs at larger 
values of pore size. However, since 
grain disappearance is an integral 
part of grain growth, these other 
separation conditions are considered 
less significant. 

Most materia 1 s are expected to 
exhibit a spectrum of dihedral 
angles ,associated primarily with the 
set of grain boundary structures that 
develop in conjunction with neck for
mation and grain growth. A corres
ponding range of cri t i ca 1 pore sizes 
should thus exist, such that, the 
small crit i caJ pore size ext rerne 
pertains to pores located on low 
angle or special (e.g., coincidence 
site) boundaries. Similarly, a 
distribution of surface diffusivities 
and grain boundary mobilities would 
typically exist, by virtue of inhomo
geneous distributions of solutes. 
Hence, an ·,appreciable spectrum of 
critical pore sizes should apply to 
each materia 1: a phenomenon which 
should be recognized in the inter
pretation and prediction of pore 
breakaway. 

The materia 1 modi fi cations that 
suppress breakaway may be ascertained 
by comparing the critical pore size 
range with the pore, grain size 
trajectory associated with the final/ 
intermediate stage sintering. Analy
sis of grain growth in the presence 
of pores at three grain junctions 
indicates two regimes of grain 
growth; a region dominated by· the 
mobility of the grain boundary and a 
region dominated by the mobi 1 ity of 

the pores (pore drag). The transition 
between these regimes is dictated by 
the relative mobili~ £CJ3ameter, 
~ = MbkTa y /Q I DsosYs 
(where y is the graqn boundary 
energy, y ~ is the surface energy, and 
Q is the atomic volume) and by the 
dihedral angle ($). For typical 
dihedral angles, the transition occurs 
when ~ exceeds a crit i ca 1 va 1 ue, t;c "" 
50. For values of t; > t;c, the grain 
boundary mobility dominates, because 
either the boundary mobility Mb is 
small or the. effective pore mobility, 
DsosQl/3/kTa~, is large. 
Hence, for a specific material purity 
(constant Mb and Dsos), the grain 
boundary mobility dictates the grain 
growth when the pores are small, but 
pore drag develops as the pores coarsen 
during sintering. 

Analysis of the concomitant pore 
and grain coarsening process has 
i dent i fi ed a peak va 1 ue of the pore, 
grain size ratio, a/R., (where R. is the 
grain size).· When the grain boundary 
mobility and initial pore size are 
small and the grain boundary diffu
sivity is large the peak pore size is 
the initial value in the powder com
pact. This condition thus essentially 
excludes pore coarsening during sin
teri ng and, evidently, represents the 
most desirable sintering behavior. 
More generally, pore coarsening 
occurs. Then, the peak pore size 
depends upon the diffusivity ratio ~ = 
Dsos/Dba~ . (where DQoQ is 
the gra1n boundary diffus1v1ty) and 
the dihedral angle, such that a/R. 
decreases as ~ or $ increase. 

A comparison of the 
size with the critical 
pore-grain boundary 
indicates that separation 
when Dbob/Dsob ~ 
Relatively large values of 

peak pore 
size for 
separation 
is averted 

(3-$)/4. 
the ratio 
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of the boundary to surface 
diffusivity are thus needed to avert 
breakaway. This requirement is fully 
consistent with that for 
densification during initial stage 
sintering, although the optimum 
diffusivity ratio may differ in the 
two sintering stages. 

The extremely aggressive 
environments that exist within the 
reaction chambers of most coal 
conversion processes and the require
ment to keep heat 1 asses to a mini
mum demand that the vessels be 
refractory-lined. The result is that 
the ceramic materia 1 s are exposed to 
be combined action of gaseous or 
1 i quid phase attack at temperatures 
as high as 1500°C. The ~bjective of 
this project is to establish the 
scientific principles of chemical 
interactions under conditions rele
vant to advanced coal technology 
systems. Of particular .significance 
is the role of the intergranular 
phases and the presence of substan
tial porosity. 

Two aspects of corrosive attack 
are being investigated. The first 
concerns degradation induced by 
gaseous environments of low oxygen 
potential but containing sulfur 
impurities. The second aspect is 
related to the influence of liquid 
slags, which originate from coal ash, 
on the corrosion process. The 
program is in the early stages of 
development. 

A refractory system that is 
showing great promise is the aluminum 
oxide - calcium oxide system. Its 
use may take many forms, from dense 

Al203, where CaO appears as an 
impurity, to highly porous calcium 
aluminate bonded alumina refractories. 
In all cases, calcium aluminate phases 
are present intergranularly. Ini
tially, this work is concentrating on 
the behavior of Al203 containing 
up to 10% CaO and samples showing 
varying degrees of porosity have been 
prepared by hot pressing. The samples 
wi 11 be exposed to H2-H20-H2S 
mixtures of controlled sulfur and 
oxygen fugacities at temperatures in 
the range 1000-1400°C. The construc
tion of the high temperature exposure 
facility is now completed; metered 
flows of H2 and H2S are mixed and 
saturated with the required amount of 
H20 by passing through a water bath 
maintained at the appropriate constant 
temperature. 

' 
Phase stability diagrams at 

1200°C, which have been calculated 
from available thermodynamic data, 
predict that the probable reactions 
between the refractories and the mixed 
gas environment wi 11 i nvo 1 ve the 
calcium containing phases. Therefore, 
of particular interest will be the 
behavior of the grain boundary and 
intergranular phases, in which the 
formation of sulfides seems likely. 
Equally important is the presence of 
porosity, since localized variations 
in gas composition in stagnant pockets 
of gas may occur, resulting in behav
i ora 1 pat terns not immediate 1 y appa r
ent from the stability diagrams. 
Similar changes in gas composition are 
observed during meta 11 i c corrosion in 
these environments, and programs have 
been devised to compute the change in 
the gaseous activities due to the 
removal of one or other of the 
components. 

The construction of a second test 
apparatus, designed for the study of 
refractory attack by simulated 1 i quid 
coal slags is in progress. 
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CERAMIC INTERFACES 

A. M. Glaeser 

Materials and Molecular 
Research Division 

Lawrence Berkeley Laboratory and 
Department of Materials Science 

and Mineral Engineering 
University of California 

Berkeley, CA 94720 
Tel: {415) 642-3821 

Program Scope 

An understanding of micro
structural development during 
processing is essential to developing 
microstructure control and hence con
trol of properties. Grain boundary 
migration plays an important role in 
the sintering process, influences the 
final grain size and density, and 
thus the resultant physical proper
ties. Although- solutes and second 
phases such as pores, precipitates 
and 1 i quid phases each can interact 
with the boundary, thus influencing 
migration rates and the micro
structure, relatively few studies 
have been conducted in which a 
particular interaction has been 
i so 1 a ted. The purpose of the 
proposed research is the deve 1 opment 
of experimental techniques which 
allow these interactions to be 
isolated and investigated and 
subsequent application of these 
techniques to ceramic systems. 

Recent Results 

Research to ddte has focused on 
the development of an experimental 
technique which isolates the solute
boundary interaction and its applica
tion to a study of boundary migration 

in Mg-doped Al203. The objective 
was to artificially seed abnormal 
grain gr6wth in a theoretically dense 
compact and subsequently determine the 
temperature and driving force depen
dence of the growth rate of these 
abnormal grains. 

In other investigations, abnormal 
grain growth has been stimulated in 
alumina by the introduction of single 
crystal seeds into powder compacts 
which were subsequently sintered or 
hot pressed. In all cases, the fired 
compact~ contained some residual 
porosity and thus, observed boundary 
migration behavior is likely to have 
been influenced by pore drag as we 11 
as by the effects of dopants and/or 
impurities. ' ' 

In the present work, theoreti
cally dense Mg-doped fine grained 
polycrystalline alumina has been laser 
heated to produce local melting. 
During solidification, . grains 
significantly larger than those 
comprising the unmelted matrix 
develop, resulting in a sharp transi
tion from fine grained matrix to 
coarse grained material. Grain size 
ratios of up to ten have been achieved 
in material with a matrix grain size 
of 20 J.Jm thus producing conditions 
suitable for abnormal grain growth. 
Refinement of the laser melting tech
nique and/or use of finer grain size 
starting material should further 
increase the grain size ratio. During 
subsequent annea 1 i ng, growth of these 
artificially nucleated grains into the 
fine-grained matrix has been ob,served. 
However at the present time, measure
ments of the boundary mobility have 
been conducted at only one temperature 
(1600°C). Consequently, comparisons 
with the results of other invest i ga
tions (conducted at higher tempera
tures) are indefinite. 
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UNIVERSITY OF CALIFORNIA, 
DAVIS 

AN INVESTIGATION OF THE ROLE OF 
SINTERING IN GAS-SOLID INTERACTIONS 

Z. A. Munir 

Division of Materials Science 
College of Engineering 

University of California 
Davis, CA 95616 

Tel: (916) 752-0559 

Program Scope 

The aim of this investigation is 
to assess the role of sintering in 
the kinetics of gas-so 1 i d inter
actions involving particulate 
materials. The sintering of both the 
precursor and the product will be 
considered for surface and bulk 
transport processes. Gas-solid 
reactions involving oxidation-
reduction and decomposition wi 11 be 
investigated. Potential applications 
of such a study in such areas as 
thermochemical storage of solar 
energy, ore processing, and powders 
preparation by reduction are likely. 

Recent Results 

An analytical treatment has been 
provided for the case of decompos i
tion involving a spherical compact 
geometry. Appl i c·at ion of this 
analysis to the decomposition of 
CaC03 showed that the s i nteri ng of 
CaC03 has negligible influence on 
its dissociation to CaD. Experi
mental observation on the rates of 
dissociation of CaC03 sintered to 
differing degrees confirmed the 
analytical expectations. 

• The influence of sintering on the 
oxidation-reduction kinetics of 
pa 11 adi urn was investigated. Loose Pd 
powders were oxidized in air at a 
constant temperature ( 600 and 650°C) 
and then reduced at the same te~pera
ture under a Po ~ 2 x 10- Pa. 
When this oxi dati bn-reduct ion process 
is repeated, the degree of oxidation 
was found to decrease systematically. 
From weight loss and surface area 
measurements it was concluded that the 
pa 11 ad i urn powder was s i nteri ng during 
the reduction stages and that subse
quent cycling contributed more to this 
process ·as evidence by BET results. 

UNIVERSITY OF DENVER 
DENVER RESEARCH INSTITUTE 

THERMAL EXPANSION EFFECTS,IN 
CORDIERITE 

Paul K. Predecki 

Chemical and Materials Science 
Division 

Denver, CO 80208 
Tel: {303) 753-2141 

Program Scope 

In this new program we plan to 
use dilute solid solutions of various 
sized ions in cordierite as a tool to 
probe the sensitivity to thermal 
expansion of specific regions in this 
structure.

4 
Solu!es to

5 
be considered 

are: Ge+, s+, p+ s~bstitu~ed 
on tetrahedral sites, Fe+, Zn +, 
Mn2+ Li+1 Cr3+ substituted on 

' ' octahedral sites and alkali and alkali 
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earth ions interstitially in the 
large C-axis channels. Lattice 
thermal expansion coefficients will 
be obtained on powder samples of 
devitrifi ed cordi erite glass between 
room temperature and 800°C by x-ray 
di'ffraction using a Huber-Guinier 
camera. 

We will look for correlations 
between lattice expansion coeffi
cients, lattice distortion and 
changes in x-ray diffracted intensity 
from specific planes in the 
cordierite structure as a function of 
the type and level of solute present. 
The purpose will be to gain an under
standing of the structural parameters 
that are significant in lattice 
expansion. Results will be compared 
with theories that have been proposed 
for lattice expansion in related 
silicate structures. 

UNIVERSITY OF ILLINOIS 
AT URBANA-CHAMPAIGN 
MATERIALS RESEARCH 

LABORATORY 

SOLIO OIELECTRICS 

D. A. Payne 

Department of Ceramic Engineering 
Urbana, IL 61801 

Tel: (217) 333-2937 

This program involves synthesis, 
preparation, crystal growth charac
terization and property measurements 
on new and improved ceramic materials 
for energy conversion and detector 

systems. Relationships are studied 
between polycrystalline and single 
crystalline properties in electrical 
ceramics. Processing includes flux 
growth of ferroelectric crystals, and 
hot-forging and extension to obtain 
oriented microstructures in piezo
electric ceramics. 

LOS ALAMOS 
NATIONAL LABORATORY 

STRUCTURAL CERAMICS 

John J. Petrovic and Frank D. Gac 

Chemistry and Materials Science 
Division 

Los Alamos National Laboratory 
Los Alamos, NM 87545 

Tel: (505)667-5452/FTS 843-5452 

Fabrication processing of 
structural ceramics and its relation 
to microstructure and subsequent 
properties will be studied to deter
mine how to produce material with 
optimum and reproducible characteris
tics through definition and manipula
tion of critical processing variables. 
Initial phases of the investigation 
will concentrate on the following two 
Si3N4 and SiC powder production 
schemes: 1) Si3N4 and SiC powder 
whisker sources; 2) chemical vapor 
deposition processes using an 
ultra-high-temperature RF-Plasma 
facility. Fabrication variables 
influencing both powder and whisker 
characteristics will be determined and 
optimum starting materials for 
subsequent consolidation will be 
derived. 
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MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 

INTERFACIAL AND COLLOIDAL ASPECTS 
OF AQUEOUS SUSPENSIONS 

CONTAINING OXIDIC POWDERS 

A. Bleier 

Department of Materials Science 
and Engineering 

Massachusetts Institute 
of Technology 

Cambridge, MA 02139 
Tel: {617} 253-6877 

This program deals with the 
applicability of current colloid
chemical models of single oxides to 
the processing of technical ceramic 
powders. Its purpose is to extend 
the mode 1 s to heterogeneous systems, 
i.e., those containing more than one 
particle (composition) type, so as to 
improve the general understanding of 
interfacial complexation and related 
phenomena . which influence the 
dispersibility and packing behavior 
of complex powders. 

Program Scope 

The program's objectives are: 

(1) To prepare model, single 
and multimetallic oxides. 

{2) To characterize the 
materials prepared using crystallo
graphic, chemica 1 , phys i ca 1 , and 
surface-chemical procedures, and 

(3) To test recently proposed 
models of the electrical double 
layer. The approach consists of 
(a) evaluating surface reactions and 
properties, {b) determining intrinsic 
surface ionization constants, 
(c) comparing computed specific 
conductivities with experimentally 

determined values for dispersions 
relevant to high performance 
ceramics. The results will relate 
surface ionization reactions and 
electrical double layer properties in 
mode 1 ceramic systems to fundament a 1 
interactions among solutes, solvents 
{principally water), and solid 
particles, facilitate the optimization 
of performance in real (multimetallic) 
oxidic suspensions, and finally 
identify physicochemical aspects 
influencing powder packaging which 
stem from the inherent properties of 
oxides and which may also influence 
the behavior of essentially nonoxidic 
powders such as carbides, borides, and 
nitrides that are susceptible to 
oxidation during processing. 

The program started in Fall 1981. 

BASIC RESEARCH IN CRYSTALLINE AND 
NON-CRYSTALLINE CERAMIC SYSTEMS: 

PROCESSING RESEARCH 

R. L. Coble and W. D. Kingery 

Department of Materials Science 
and Engineering 

Massachusetts Intitute of Technology 
Cambridge, MA 02134 

Tel: {617) 253-3318/3319 

The Kinetics and Equilibrium of 
Grain-Boundar* Reactions and 
Segregation P enomena (W.D.K.) 

~~e have this year completed, or 
will have completed, development of a 
rapid-quenching device for solid 
ceramic samples which will allow 
sequential observation of changes 
occurring in a particular grain 
boundary using the scanning trans
mission electron microscope (STEM) 
which we have found so useful in 
studying boundary segregation in a 
number of materials (silicon carbide, 
zinc oxide, magnesium oxide, ferrites) 
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in our research program up to now. 
Preliminary experiments have indi
cated that we can return to the same 
boundary in subsequent ex ami nations 
of a thinned sample and that the 
thinned sample can be heat-treated 
and rapidly quenched in order to 
study' kinetics of processes by ·a 
series of sequential analyses. We 
believe the combination of rapid 
quenching together with the app 1 i ca
tion of the STEM will allow an 
experimental approach towards grain
boundary segregation phenomena which 
will permit the focus to be shifted 
from general surveys and particular 
cases to a coordinated investigation 
of the processes taking place on and 
about boundary. 

One application of this will be 
to investigate the mechanism by which 
iron diffuses to the boundary in 
magnesium oxide at temperatures of 
600-700°C leaving a denuded region 
adjacent to the boundary and implying 
the as yet unobserved segregation or 
precipitation at the boundary itself 
during the process. Neither the 
kinetics of this process nor the 
resulting structure of the boundary 
have been evaluated. Presumably, 
this and similar cases involve 
sequential segregation-nucleation
particulate growth at the boundary. 

Ceramic Fabrication and Sintering 
(R.L.C.) 

It has become increasingly 
r-ecognized that powder preparation 
and fabrication are critical for the 
preparation of compacts that will be 
sinterable to high density. In 
general, the small particle sizes 
that are needed to make the powders 
sinterable also lead to problems in 
agglomeration and difficulties in 
fabrication to make uniform density 

compacts. One of the current 
approaches has been to try to make 
spherical powder of monodispersed size 
either by arc fusion of sized grain or 
by precipitation methods. While 
exploring the fabrication of various 
commercial products, we have learned 
that a Reynolds product is directly 
pressable as received to adequate 
densities to produce sinterable bodies 
at 1400°C. This is a remarkable 
advantage for the fabrication of 
components in-house as refractories 
for use as furnace fixtures and the 
like as well as providing fine grain 
size materials for grain growth 
studies. We have explored the effects 
of pressure in die pressing and in 
isostatic pressing on the as-received 
powder. Densities in the range of 60% 
are easily achieved at pressures of 
the order of 40,000 psi yielding in 
the range of 99% of theoret i ca 1 and a 
grain size of 1-2 microns after two 
hours sintering at 1400°C. 

One of the effects that we have 
briefly explored with this raw 
material is to sinter it in hydrogen 
based on the assumption that as a 
diffusable atmosphere, that would 
enable us to go to high density. 
Surprisingly, what we have found is 
that the samples exhibited bloating 
to 97% on prolonged sintering, 
indicating that, in fact, at these low 
temperatures hydrogen is not readily 
soluble or sufficiently diffusable to 
avoid being a trapped gas impedance to 
the achievement of high density. As a 
milled powder with a distribution of 
particle sizes present, it is 
interesting to learn that this small 
particle size, 0.05 microns average, 
is fabricable in contrast to the 
difficulties encounterd with most 
small particle size powders. 

A 1 i mited amount of work wi 11 be 
conducted in continuing to try to 
deduce why this particular ground 
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powder behaves so differently than 
any of the other ground powders. One 
of the first requirements will be to 
determine whether the impurities that 
exist in the powder are res pons i b 1 e 
for low temperature liquid formation. 
However, there is no indication that 
liquid is present in the observed 
microstructures. In addition, 
sintering experiments will be con
ducted in a low pressure hydrogen 
atmosphere in order to see whether 
higher densities by the avoidance of 
bloating can be achieved as would be 
predicted. 

PHYSICS AND CHEMISTRY OF PACKING 
FINE CERAMIC POWDERS 

H. Kent Bowen 

Department of Materials Science 
and Engineering 

Massachusetts Institute of Technology 
Cambridge, MA 02134 
Tel: {617) 253-6892 

The objective of the proposed 
research project is to develop a 
scientific basis for processing 
ceramic powders. The key problem 
identified is the lack of control in 
the packing of submi cron powders 
pri orto s i nteri ng; thus, the forma
tion, dispersion and packing of 
particles are the major areas of the 
study. The work has shown that mono
sized powders enab 1 e very dense 
s 1 urri es to be used for making green 
bodies, and under proper conditions 
ordered slurries with as high as 60 

val% solids result.These are much less 
prone to inadvertent agglomeration and 
other forms of packing defects. 

Theoretical modeling and 
experimental measurements are being 
used to understand the forces and thus 
enable control of the packing of 
particles into unfired, densely packed 
bodies. Three model systems have been 
chosen: Si02, Ti02, and SiC. We 
have demonstrated close packed green 
microstructures for Si02 and Ti02. 

Ordered Packing of Monodispersed 
Si02 

The goal of this research project 
is to provide basic experimental data 
for understanding how fine powders can 
be packed into perfectly packed 
arrays. Silica was chosen as a mode 1 
system. The effects of external para
meters {pressure-volume, electrolyte 
concentration), or electric fields on 
the ordering parameters (lattice 
constant, particle density, and 
stability against accidental coagula
tion) will be examined. The experi
mental conditions for the transition 
of an ordered dispersion to an ordered 
compact will be examined. Applica
tions of this knowledge to the casting 
of uniform green microstructures wi 11 
be investigated. 

Sintering of Ordered Ti02 Particle 
Compacts 

It has been shown theoretically 
that microstructure control during 
powder processing is possible if the 
distribution of particle size is very 
narrow. This research project is 
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directed to experimental verification 
of the control of densification when 
a monosized Ti02 powder compact is 
sintered. This study will also 
necessitate the development of powder 
formation, powder ordering and 
characterization techniques. Optical 
diffraction equipment has been 
constructed and techniques will be 
developed for studying the ordering 
prior to compaction and sintering. 

Theoretical Models for Ordered 
Dispersions and Ordered Compacts 

The anoma~y of ordered sols 
which we have observed in our work on 
Si02 and Ti02 indicates the 
potential of this technique with 
particles of a narrow size di stri bu
t ion which have controlled forces of 
interaction. However, the theoret i
cal basis for concentrated systems 
for long-range ordering has not been 
established. The purpose of this 
project is to establish a theoretical 
basis and to deve 1 op mode 1 s for the 
ordering process and to determine the 
parameters which describe the allow
able width of the size distribution. 
The approach wi 11 be interactive and 
iterative with respect to the 
experimental data obtained on Si02 
and Ti02· 

Dispersion, Packing and Sintering 
of SiC 

Covalent solids with nonpolar 
surfaces will require different 
chemica 1 formulations for dispersing 
fine particles. Thus, in order to 
extend our generic research program 
on presintering science to this 
important class of ceramic materials, 
SiC was chosen as a model particulate 

system. In this program we use SiC 
powders synthesized by laser 
decomposition reactions to study 
dispersion packing and sintering. 

UNIVERSITY OF MICHIGAN 

EFFECTS OF CRYSTALLIZATION OF GRAIN 
BOUNDARY PHASES ON HIGH TEMPERATURE 
STRENGTH OF SILICON NITRIDE CERAMICS 

T. Y. Tien 

Department of Materials and 
Metallurgical Engineering 

University of Michigan 
Ann Arbor, MI 48109 
Tel: (313) 764-9449 

Silicon nitride ceramics are 
usually fabricated by hot pressing or 
liquid phase sintering. Metal oxides 
are always used as additives to pro
mote liquid formation hence densifi
cation. Almost all of the additives 
(except Al203) give an inter
granular glassy phase in s i 1 icon 
nitride that can impair creep 
resistance and high temperature 
strength. It is believed tht the 
creep resistance can be improved when 
all or part of the grain boundary 
glasses can be crystallized. This 
project studied the crystallization of 
grain boundary glasses in silicon 
nitride ceramics containing Y203 
and Al203. Quantitative x-ray 
diffraction was used to measure the 
amount of primary crystalline phase 
crystallized and high resolution TEM 
was used for direct observation. The 
results showed that most of the 
glasses crystallized after annealing 
at low temperatures for a longer 
period of time. The high temperature 
properties of the annealed specimens 
are being evaluated at present. 
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UNIVERSITY OF MISSOURI 
AT ROLLA 

DEVELOPMENT AND CHARACTERIZATION OF 
HIGH TEMPERATURE ELECTRICALLY 

CONDUCTING OXIDES 

H. U. Anderson and C. A. Sorrell 

School of Mines and Metallurgy 
Department of Ceramic Engineering 
University of Missouri at Rolla 

Rolla, MO 65401 

The stabi 1 ity of the e 1 ect rica 1 
conductivity of the high temperature 
transition metal oxides with regard 
to chemical and ambient changes has 
1 ong been the concern of materia 1 s 
scientists. The increased utiliza
tion of these materials by new energy 
re 1 a ted systems has brought the 
problem into sharp focus. Many of 
the systems require electrical con
ductivity to be stable (at least 
reproducible) as the oxygen activi
ties and operating temperatures are 
changed. At present many of the 
oxides used in the systems do not 
have the required stability. This 
investigation addresses some of the 
causes of these instabilities, and 
its goal is to develop an under
standing of the fundamental 
properties of these oxides so that 
their real potential might be 
realized. 

Scope of Project 

This is a new. project which 
involves the study of the inter
relationships between electrical 
conductivity, oxidation reduction 
kinetics, defect structure, and 
composition of n type and p type 
binary and ternary transition metal 
oxides. Experimental aspects include 

specimen preparation, thermogravi
metric measurements, x-ray diffrac
tion, transmission electron micro
scopy, electrical conductivity and 
Seebeck measurements. The systems 
being studied are donor doped 
SrTi03, Ti02 and BaTi03 and 
acceptor doped Ci203, LaCr03, 
NiO, and YCr03· 

Results 

L i doped Ci 223. The 
electrical conductivity of 
Cr2-xlix03 (0 < X < 0.10) is 
being measured at temperatures to 
11029c in the oxygen. activity range of 
10- to 1 atm. The results show 
that the electrical conductivity 
decreases rapidly at low oxygen 
activity. The results can be 
explained by a model in which the 
concentration of change carriers is 
dependent upon both the acceptor 
dopant (Li) and oxygen vacancy 
concentration. 

La doped SrTi03· The 
e 1 ect rica 1 conductivity and weight 
changes on La doped SrTi03, which 
occurs as oxygen activity and 
temperar~re are varied in the ranges 
of 10- to 1 atm and 1000°C to 
1450°C, respective 1 y, are being 
investigated. The results show that 
the weight increases and electrical 
conductivity decreases as oxygen 
activity increases. A simple defect 
chemistry model can not explain these 
results. A model must be invoked 
which allows the charge carrier 
concentration to be a function of both 
La and cation vacancy concentration. 
Initial x-ray diffraction analysis 
indicates that under the conditions of 
this study La is soluble in SrTi03 
at 1 east to 20 m%. · No second phases 
have been observed in either oxidized 
or reduced specimens. 
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OAKRIDGE. 
NATIONAL LABORATORY 

DENSIFICATION BEHAVIOR OF 
TiB2 AND RELATED BORIDE 

STRUCTURAL CERAMICS 

Paul F. Becher 

Metals and Ceramics Division 
Oak Ridge National Laboratory 

Oak Ridge, TN 37830 
Tel: (615} 574-5157 

Program Scope 

This program considers not on 1 y 
the densification behavior of poly
crysta 11 i ne bori des and the ro 1 e of 
liquid phases but also the influ
ence, through the resultant micro
structure (including second phases}, 
on their mechanical properties. 
These efforts focus the effects of 
TiB2 particle-size distribution and 
Ni additives on densification and 
microstructure and the relationship 
to fracture strength, fracture 
toughness hardness, and elastic 
modulus, as well as to wear 
resistance and performance in cutting 
tool tests. 

Recent Results 

Current studies utilize 
commercially available TiB2 powders 
which vary both in particle size 
distribution and oxygen content. 
While conventional comminution and 
classifying techniques can be 
employed to obtain powders of desired 
size in order to manipulate the grain 
size and its distribution in the 
dense polycrystalline TiB2, the 
inc 1 uded oxygen is a more perp 1 ex i ng 
problem. The difficulties caused by 
the presence of anion impurities are, 
of course, not new in ceramics as 
seen in the fact that second phases 

containing oxygen after limit non
oxides, e.g., Si3N4. Analytical 
electron microscopy results for TiB2 
ceramics show that the included oxygen 
1 eads to the formation . of Ti z03 
phases containing microcracks wh1cn 
may be detrimental to the strength of 
the ceramic. Efforts outside this 
program are now under ·way to produce 
bori de powders which have controlled 
chemistries hence, low-oxygen 
contents. In addition, it was 
observed that while in it i a 11 y as much 
as 20 mol% Ni is incorporated during 
densification, the nickel phase is 
excluded from the compact so that the 
retained ni eke 1 content is genera 11 y 
less than 1 mol% in the dense borides. 
This final nickel content is, of 
course, a function of the initial 
!iB2 powder-size distribution and 
1ncreases as the initial average 
particle size and the size distri
bution increase. Furthermore, the 
grain boundary phases formed included 
Ni 3B, possibly with varying 
stoichiometry, but not the 
•(Ni2o.3Ti 2•7B6} phase suggested 
by the phase diagrams. Details of the 
size and distribution of second phases 
including Ni3 and Ti~03 are 
being pursued to ascerta 1 n their 
effects on mechanical properties. 

The large .crystallographic 
thermal expansion anisotropy of TiB2 
will result in rather substantial 
residua 1 stresses 1 oca 1 i zed at grain 
boundaries and these stresses can be 
detrimental to the mechanical behavior 
of the dense to polycrystalline TiB2 
ceramic. One can minimize such 
effects by reducing the grain size of 
the TiB2 ceramic which can be 
affected by controlling both the 
densification temperature (and time} 
and the initial TiB2 powder size and 
its distribution. As a result, the 
spontaneous mi crocrack i ng due to the 
residual stresses observed in large 
grain size (~ 50 ~m} TiB2 can be 
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avoided. Additionally, further 
decreases in the TiB2 grain sizes 
obtained by the lower processing 
temperatures allowed by the use of Ni 
additions and fine Ti 82 powder 1 ead. 
to substantia 1 increases in fracture 
strength. These latter fine-grained 
materials also have higher fracftJ2e 
toughness values (7-8 MPa•m I } 
than do the more coarse gra}·oed 
TiB2 ceramics (5-6 MPa.ml Z). 
These increases result, in part, due 
to the further decrease in residual 
thermal expansion stresses. 

Future studies wi 11 seek to 
further c}arify the role of various 
additives (e.g., Ni and -r-phase} in 
the dens i fi cation of these materia 1 s 
and the microstructure evolution in 
order to optimize the mechanical, as 
well as the wear and erosion, 
behavior of the TiB2 ceramics. 

THE PENNSYLVANIA 
STATE UNIVERSITY 

LASER PROCESSING OF CERAMICS 

Gary L. Messing 

Department of Materials Science 
and Engineering 

University Park, PA 16802 
Tel: (814} 865-2262 

Pro·gram Scope 

The abi 1 i ty to process and 
fabricate defect-free ceramic 
structures, is predicated on the 
utilization of aggregate-free powders 
having specific, well-controlled 
characteristics including narrow 
particle size distribution, high 
surface area and equiaxed particle 
morphology. In most cases it is 

equally important that the powder be 
"reactive. • The reactivity of a 
powder is a function of a myriad of 
specific processing routes. 

This research project will focus 
on the uti 1 i zat ion of C02 1 aser 
radiation to effect physical modifica
tion of ceramic particles by melting. 
Melting of oxide ceramics will result 
in spheroidization of the particles as 
a result of surface tension forces. 
Melting of sub-millimeter particles 
followed by solidification can result 
in so1idification rates on the order 
of 10 °C/sec. Solidification rates 
of this magnitude wi 11 1 ead to non
equilibrium structures that may en
hance the reactivity of the particle. 
The kinetics and the physical nature 
of both the melting and solidification 
processes will be investigated. The 
chemistry of the processed ceramics 
will be extensively studied. The 
research project has been designed to 
investigate three types of laser
particle interactions relevant to 
ceramic processing including single 
component, multicomponents and 
decomposition reactions. In each of 
these classes a number of materials 
will be studied to determine the range 
of applicability and feasibility of 
laser processing of ceramics. 

Single Component Reactions. The 
objective of the single component 
reaction study is to determine under 
what conditions a ceramic particle can 
be melted without vaporization. 
Melting is a function of the 
absorptivity at 19.6 ~m radiation, 
particle composition and diameter, 
residence time and the beam power, 
etc. Initial experiments will be 
carried out with Al203 and MgO 
particles ranging in size from 10 to 
100 micrometers. Characterization of 
reacted particles will include SEM, 
TEM, and AES, as well as the physical 
parameters. 
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Multicomponent Reactions. 
Al203 and Mgu w1 I I also form the 
basis for the multicomponent reaction 
study. As most ceramic powders are 
calcined well below their melting 
temperature, it wi 11 be informative 
to assess the reaction behavior of 
multi component systems under non
convention a 1 heating conditions. We 
will study the formation of spinel 
(i.e., MgO-Al204) as much is 
known about this reaction from 
previous studies. To determine 
whether extended solid solutions can 
be induced other compositions in the 
MgO-A 1203 systems wi 11 a l_so be · 
investigated. Characterization of 
this system will be primarily 
concerned with the preferential 
vaporization of MgO during reaction 
and the quenching of non-equil i bri urn 
phase. These studies will allow for 
some preliminary judgements as to 
the applicability of high intensity 
heating with a laser beam for 
application of ceramic coatings. 

Decomposition Reactions. 
Formation of aggregate-free powders 
by using the exact amount of energy 
for decomposition will be studied. 
The laser will be used to deliver the 
amount of energy for decomposition 
predicted from thermodynamics cons i
deration. As the effect of tempera
ture, rate of heating, and time of 
reaction is well known for Gibbsite 
(Al (OH)3), it will be used to 
assess laser induced decomposition 
reactions. The powder ' wi 11 be 
analyzed by XRD after interaction for 
various phase forms to determine 
whether exact degrees of reaction can 
be achieved up to the formation of 
alpha alumina. The exactness of the 
reaction will be gauged by phase 
purity of the resultant powder. 

Comminution of particles as a 
result of rapid decomposition will 
also be considered. It is expected 
that sufficiently high pressures may 
be developed within the particles to 
result in their explosion or comminu
tion. Factors affecting comminution 
that will be studied include pulse 
duration and intensity of the beam, 
composition, and initial particle 
size. 

PURDUE UNIVERSITY 

MECHANICS OF ELEVATED TEMPERATURE 
RUPTURE IN SINGLE PHASE CERAMICS: 

PROCESSING ASPECTS 

·Alvin Solomon 

School of Nuclear Engineering 
Purdue University 

West Lafayette, IN 47907 
Tel: (317) 494-7910 

Fabrication of High Density Tensile 
Specimens 

To study creep and rupture in 
pure single phase ceramics, it was 
considered necessary to fabricate long 
tensile specimens of uniform micro
structure, high density and high 
purity in a particular 11 dog-bone 11 

shape. · 

Several fabrication methods were 
first tried and rejected: Direct 
isostatic compaction in formed rubber 
molds led to transverse cracking. 
Direct pressing of flat specimens in a 
formed punch and die also presented 
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problems of breakage and 
non-uniformities. 

Slip casting proved to be 
successful for uo2 and CoO~ Slips 
were prepared using ball-milling with 
ammonium alginate as binder and 
ammonium hydroxide as deflocculant. 
Casting was performed in plaster 
molds with the slip pressurized at 1 
atm. The cast specimens were dried 
and i sostat i ca lly pressed to produce 
a green density of 50% TD. Initial 
sintering runs at low temperatures 
have yielded a very uniform micro
structure and a density of 92% TD in 
U02· 

The second method of fabrication 
involved oxidation of ultra high 
purity metals. Metal forms were 
first produced by machining. Oxida
tion of Co and Ni involved three 
steps: 

(1) decarburization in flowing H2 
at 1000°C, 

(2) degassing in vacuum at 1400°C, 
and 

(3) oxidation in air or oxygen. 

Without decarburization, oxygen 
d iff us ion into the meta 1 caused 
internal oxidation of carbon impuri
ties forming C02 bubbles which 
swelled at high temperatures. 

Densities of 95% to 100% have 
thus far been found for CoO with the 
typical columnar grains at the sur
face. Decohesion between the growing 
oxide and the underlying metal some
times occurs so that transport must 
occur in the vapor phase. This 
yields a very high density oxide 
1 ayer. 

ROCKWELL INTERNATIONAL 
SCIENCE CENTER 

SINTERING PHENOMENA OF NON-OXIDE 
SILICON COMPOUNDS 

D. R. Clarke and F. F. Lange 
Rockwell International Science Center 

Thousand Oaks, CA 91360 
Tel: (805) 498-4545 

· Volatilization During Sintering 

Vol at i1 i zat ion phenomena associ
ated with the decomposition of silicon 
nitride and the reaction of silicon 
nitride and silica are competitive 
processes to the sintering of nitrogen 
ceramics based on silicon nitride. 
They hinder densification and can also 
lead to compositional changes, the 
establishment of undesired composi
tional gradients, and weight losses. 
These effects become more pronounced 
as the temperatures required for 
s i nteri ng are raised, and as such are 
more significant problems in the 
sintering of silicon nitrides densi
fied using Y203 sintering aids 
than with MgO aids. Work is underway 
to determine the kinetics of these 
processes as a function of s i nteri ng 
temperature for Y203 sintered 
silicon nitrides alloys, with the 
objective of compensating for the 
volatilization-losses to ensure densi-
fication of alloys that cannot pre
sently be sintered to full density. 

Previous work on the program has 
demonstrated that the compositional 
changes incurred by volatilization 
during s i nteri ng are of an opposite 
nature to those produced by oxida
tion. Recognition of this fact has 
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1 ed to a nove 1 post-fabrication 
process for the treatment by composi
tional control of Y203 sintered 
silicon nitrides susceptible to 
intermediate temperature oxidation 
induced cracking. The cracking in 
these materia 1 s has been attributed 
to the large molar volume changes of 
certain quaternary oxynitride 
secondary phases upon oxidation in 
the temperature range 700-1000°C. 
These phases in turn can form a 
result of the compos it i anal changes 
produced by the volatilization 
processes during sintering. The 
post-fabrication treatment consists 
of heating sintered samples, contain
; ng the undesired secondary phases, 
in packed Si02 powder at tempera
tures "'1500°C to alter the overall 
composition into compatibility fields 
in which the phases are stable in 
oxidation. Samples previously liable 
to the intermediate oxidation crack
ing phenomenon are no longer sus
ceptible after treatment. 

Effect of Chlorine Impurities on 
Densification 

Cant ro 11 ed nuc 1 eat ion ex peri
ments in which platinum chloride was 
used to glass-ceram the intergranular 
phase in MgO and Y203 hot-pressed 
silicon nitrides indicated that chlo
rine can have a profound effect on 
both the dens i fi cation rate and the 
a + SSi3N4 phase transformation. 
Further, the presence of chlorine can 
in the extreme cases result in the 
formation of deliquent surface scales 
and after pro 1 onged peri ads cracking 
of ceramic' bodies. These effects 
have been investigated as chlorine is 
a common impurity of commercial sili
con nitride powders manufactured by 
the ammonalysis of SiCl4· The 
results have been submitted for 
publication. 

New Microscope Method for Detecting 
lntergranular Glass Films 

In the course of mi crostructura 1 
characterization studies of silicon 
nitride compounds a new transmission 
electron microscope method has been 
de vel oped for detecting the presence 
of thin non-crystalline intergranular 
phases. The method relies on the 
radiation susceptibility of the inter
granular phase present in silicon 
nitrides, and complements the existing 
microscope techniques, viz., lattice 
fringe_ imaging, diffuse dark field 
imaging and Fresnel imaging. The new 
technique, presently unnamed, has 
also been used extensively in a DOE 
research program (through Savannah 
River Laboratories) on the development 
of tailored ceramics for nuclear waste 
storage. 
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PUBLICATION OF = F 0 R - W 0 R D = > TERMINATES WITH THIS ISSUE 

=For-Word=> Readers Encouraged to Join ForTec 
(ACM SigPlan Technical Committee on Fortr'an) 

See Application Blank on Page 8, 

In the first issue of =For-Word=>, I pointed out the difficulty of obtaining 
adequate support for Standards activities. Although the costs of such activities 
are not large, in comparison with the total budget of most organizations, the payoff 
is very diffuse and long-range. 

This Newsletter has been published since 1975, with the support of Lawrence 
Berkeley Laboratory and of the Department of Energy. But support has recently been 
withdrawn from many activities with diffuse, long-range payoff characteristics. And 
=For-Word=> is among the activities whose support is being discontinued. 

Fortunately, ForTec (ACM SigPlan Technical Committee on Fortran) is about to 
begin issuing a quarterly publication, to be known as ForTec Forum, just in time to 
take over support of the information dissemination function from =For-Word=>. 
Although there will be major differences in approach between =For-Word=> and the 
ForTec Forum, many of the same purposes will be served. 

I have been appointed Editor of the ForTec Forum, and I intend to maintain the 
traditional style of =For-Word=>. In particular, I intend to continue to strongly 
discourage the spelling of Fortran in "all caps": Fortran, not FO~ .. (I can't bear 
to finish it!) 

The success ,of ForTec Forum depends on contributions from its readers, espe
cially notes and short articles (1 to 4 pages), as well as "letters to the editor". 
"Keep those cards and letters coming, folks". 

Another change is in the wind. After a very pleasant and profitable 22-year 
association with Lawrence Berkeley Laboratory, I am accepting an appointment as Pro
fessor of Computer Science at the University of San Francisco. 

CONCERNING FOR-WORD 

This Newsletter was prepared with support from the u.s. Dept. of Energy, Office 
of Energy Research, Applied Mathematical Sciences Research Program, under Contract 
DE-AC03-76 SF00098. 

Reference to a company or product name does not imply approval or recommenda
tion of the product by the University of California or the U.S. Dept. of Energy, to 
the exclusion of others that may be suitable. 

LAWRENCE BERKELEY LABORATORY IS AN EQUAL OPPORTUNITY EMPLOYER. 

Loren P. Meissner 
CSAM - SOB 
Lawrence Berkeley Laboratory 
University of California 
Berkeley CA 94720 
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A P P L I C A T I 0 N F 0 R F o r T e c M E M B E R S H I P * 

ASSOCIATION FOR COMPUTING MACHINERY 
11 WEST 42ND STREET, NEW YORK, NY 10036 

Please enroll me as a member of 
F o r T e c 

SIGPLAN Technical Committee on Fortran 

Membership includes subscription to the ForTec newsletter, "ForTec Forum". 

Please make checks payable to: 

ACM, Inc., PO Box 12115, Church Street Station, New York, NY 10249 

Annual Membership Dues are $6 for ACM Members and $16 for Non-ACM Members • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Name (Please print or type) ( ) ACM MEMBER 

·4:.·· ... ~-· 

Member No. . .....•••..••..••• 

Mailing Address 

City State Zip 

Signature 

Please send information on ACM Membership. 

New address. Please change my ACM record. 

Annual membership dues: $6. 
(See note regarding dues 
payment.) 

\" 
( ) NON-ACM MEMBER 
Enclosed is annual dues of 
$16. 

*Note: ACM Members who expect to renew their membership within the next six months: 
Send no ForTec dues with this application; you will be billed on your 
renewal notice. Those expecting to renew in seven or more months: send 
one-half the annual ForTec dues with this application. 

8 

. '•·· 
' 




