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I. GENERAL INTRODUCTION 

When the need arises for a specific design of a ceramic in a specific 
composition, a great number of competing methods are advanced for forming 
the shape required. The purpose of this study has been to initiate a 
critical study of the alternar.ve forming methods in order to permit a 
selection based on reasoned Judgments rather than on the grounds of famil¬ 

iarity, emotion, or traditions. 

The report and the accompanying bibliographic and reference material 
provide a basis for the assembly of a uniform source of information on 

the forming of ceramic articles. 

Forming must first be seen in perspective as one step in the total 
processing sequence for making ceramics comprising: 

Batch Preparation 
Forming 
Heat Treatment 
Finishing and Assembly 
Inspection 

Alternative terms for the forming operations include: shaping, 

molding, consolidation, and compaction. 

The objective of processing as a whole is to produce ceramic or 
composite materials with a specified and reproducible characteritation 

as to: 

(1) chemical and mineral composition 
(2) physical structure 
(3) dimensions r(4) surface finish 
(5) pertinent properties 

The forming step plays an integral and significant part in achieving 

this objective. 

The functions of formina are: 

(1) To obtain a specified shape and size within dimensional 
tolerances yielding uniformity (This piece may be a blank, subject to further 
shaping and dimensional truing in the as-shaped, dried, partically fired, or 

fully matured stages.); 

(2) To achieve a uniform composition and denalty throughout- 

the structure producing homogeneity; 

(3) To contribute to a controlled microstructure and properties in 

the final produce promoting reproducibility. 

1 
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These function* ere ectelned by con.olld.tlng di.crete particle. Into 
. compact coherent enough to permit handling during 
during setting for best treatment. Implicit is 
forming of: 

(1) controlled density 
(2) freedom from gross flaws 
(3) minimised contamination 
(4) sfcfety with regard to such factors as toxicity, 

radioactivity, and die strengths. 

A sub.ldlary function of con.olld.tlon m.y be « ‘CceUret^reectlon 

Ärnrh r, ÄÄÄn,... or modified during 

a subsequent heat treatment or finishing stage. 

familiar powder techniques, but also form afrpnaths The 
solid bodies of varying degrees of porosity an °n „articulate matter 
concept of "powders11 has been broadened to include all particulate me 
whether equiaxed, filamentary or sheet-like. 

Classifications of forming can be developed according to a diversity 

of approaches as follows.* 

s^aiient 1.1 Oper.tIon*.-- Fe.d -t.rLl fto. th. 

tHh. n.xt operation. 

During filling there .re „.u.lly perform«! .om. .uxlll.ry op.r.tlon. 
.uch «.» «t.rl.1 or d.-.Ulng. ton ^ 
aecomoanvina operations may include air release, lubrication o, die walls, 
“ÛÂlÆiur. loïdlM cycle, «ontrol of th. degr.. of compoctlon. 
and multiple movements to form bolee or re-entrants. Sometimes the simple 
íppl”itíó» of th. 10«! by pr.eour. 1. «odlfl«! by Introducing vtbr.tlon. 
oscillation, or repetition ef load. 

Th. obj.cclv. In «b of th... op.r.tlon. U .«1*- uniformity In 

processing. 

* r- “«^tí^-orr í:Jsínov.r 
^.‘¡ÎÜÏÜU ri„n Hoc Gommitt.« on Proc.lng of C.r-lc 

Materials. 
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Method of Loading at Compact Boundarice. - The characterletice of the 
forming container are the baeie of this classification: (1) elastic 
container, no shear— corresponds to isostatic pressing, (2) rigid container, 
low shear— corresponds to die pressing, (3) porous, rigid container, no 
shear— slip casting, (4) powder is its own container, low shear"* powder 
rolling and strip compaction, (5) rigid container, high shear— extrusion. 

Operational Technique. - General operations or processes can be listed 
as: (1) pressing (compression), (2) drawing (tension), (3) gas pressure 
(blowing), (4) vibrating, (5) impacting, (6) leaching, (7) impregnating 
(8) weaving, (9) felting, (10) turning, (11) grinding, (12) casting and 
solidification, (13) chemical reactions (cement bonding, reaction sintering), 
(14) absorption (slip casting in porous molds). Combinations of these 
techniques may also be employed. 

Material Response.- Previous classifications have emphasized operational 
features and effects on the material. Another method of classification 
might be based on the deformation response in the material during forming. 
This is discussed at length in the section of this report on Cold Forming 

Processes. 

Typft of Energy Utilizer. - The method of energy utilization during 
forming may be listed as: (1) mechanical, (2) mechanical assisted by heat, 
(3) sonically assisted, (4) electrically assisted, (5) radiation Induced, 
(6) magnetically assisted, (7) chemically-assisted, etc. 

State of Matter from which Formed. * The states of matter frost which 
ceramics are formed Include: (1) particulates in varying solid-liquid 
ratios (actually a ternary: solid-air-liquid), (2) melts, (3) vapors, 
(4) bulk solids (including single crystals and glasses), (3) films, fibers, 
whiskers (l.e. solids with one or two dimensions dominating), ¢6) solutions. 

Ptlllzatlon. - The environment characteristic of a particular application 
may dictate properties required and the design of the component may specify 
the shape. Thus another basis for classification of forming methods 
may be defined by the end use of the ceramic. A typical example may 
be taken from the glass Industry where the shape of the product determines 
the forming process (see table I of the section of this report on Melt 
Forming). Similar considerations have determined the evolution of 
forming processes in the whitewares Industry for such products as dinner- 
ware, bathtubs, and sparkplugs. Military requirements have begun to dictate 
the choice of forming methods for specific product categories like radones, 
nose cones, rocket nozzles, and nuclear fuel elements. The Influence of 
classification by this criterion is evident in the coding scheme and 
bibliography accosq>anylng this report. 

3 



It Is spparsnt from ths diversity in scope of these clsssificetioos 
of foning Methods thst it is difficult to isolate end identify the science 
fundamentals underlylag cerepic processing. However» two broad groups of 
fundaaientals are suggested: those relating to the sutterials to be foned 
and those relating to the processing itself. If a true "science of process* 
ing" is to be generated» the detailed role of fundamentals in each of these 
groups and the relationahips between the two groups must be discriminated 
and exploited. Theae concepts are introduced in the section of this report 
entitled Fundamentals of Formina, as well as being an Integral part of the 
five individual survey reports which follow. 



For the purposes of this survey the forming processes have been 
broken down into the four arbitrary divisions : 

Cold Forming 
Hot Forming 
Melt Forming 
Miscellaneous Forming Methods. 

Although any break down is bound to present borderline areas, the 
above groupings have been investigated without confusion both by discussions 
with experts and by a literature search. A more detailed classification 
of these groups of forming methods is presented in Section V. 

Each of the four divisions were assigned to the responsible indi¬ 
vidual as set forth in the Table of Contents. These sought the infor¬ 
mation needed by means of individual and group conferences with recognized 
specialists in the several fields. Based on their findings and on the 
availability of the literature searched for their division, each of the 
leaders has prepared a summarizing report which is presented as a separate 
chapter substantially as written by them. 

Because of this importance of the characterization of powders to 
subsequent forming operations was recognized from the beginning, and 
re-emphasized at all of the conferences, Professor D, W. Fuerstenau was 
asked to be responsible for the preparation of a special report and bib¬ 
liography on this topic. 

i 



A. CHARACTERIZATION OF PARTICULATE SYSTEMS 

by D. W. Fuerttenftu And A. L. MulAt 

The bAetc ideA behind the ter* PArtlcle chArActirlAAtlon I» «Imply 
that the engineer must AccumulAte a sufficient Amount of datA on the 
basic properties of the powder or particles which comprise a batch so as 
to be Able to predict its behavior After a forming treatment. These 
same properties will be of consequence to the forming operation itself. 

One forming operation may demand that a batch exhibit certain 
desirable properties which may not be of importance when another forming 
method is used. However, particles and assemblies of particles will 
always be characterised by such basic physical and chemical properties 
as sise, color, shape, density, surface energy, and defect structure. 
The purpose of this section is to summarise the present state of knowledge 
regarding particle characterisation and to show that properties which 
cha'racterlse batching materials pertain not only to forming but to most 

other subsequent operations. 

PROPERTIES OF PARTICLES AND ASSEMBLIES OF PARTICLES 

It is difficult to make a clear distinction between properties of a 
particle and proporties of an assembly of particles. For «sample, a 
particle may be porous, yet when a pore site distribution is measured, it 
is done with an assembly of particles. Tabla I iiusmarlses properties of 
particles which servo to determine their behavior in fluid environment». 
This table has served as the basis for a scheme of documentation en 
Particle Technology as noted in the Bibliography. 

Table II presents a number of physico-chemical effects which are 
important in particle technology. The table lists the physico-chemical 
principle involved and some examples of its application. It 1» apparent 
that fundamental properties have a direct iufluenc. in a wide variety of 
areas which involve the use of powders. All of the principles listed in 
Table II may be regrouped and classified to fit into one of the general 

ategorles of Table I. 

A considerable amount of work remains to determine those properties 
of particles which are uniquely related to specific forming methods, 
although in large part these properties will be important to all forming 
methods. Many of these properties which generally characterise particles 
are briefly discussed in the subsequent paragraphs. 

6 





TABLE II. Phy»Ico-chemical Effect» Important In Particle Technology 

Phy»ico-chemical Principle» 

Rate of a diffusion-controlled 
reaction is proportional to 
surface area (Flck's law) 

Application 

Cement hydration; sintering 
reactions 

Small particles exhibit higher 
vapor pressure than larger ones 
(Kelvin's equation) 

Adsorption of vapors by solids due 
to chemical or van der Weals forces 

Capillary condensation in pores or 
at points of contact between 
particles 

Spreading and non-spreading related 
to surfaces of tension at three 
phase interfaces (Theory of Wetting) 

Contact charging of dry powders of 
high surface area 

Electrical double layer theory 

Theories of rheological suspensions 

Sintering; ageing of crystalline 
precipitates 

Surface hydration of MgO; 
surface oxidation of metals 

Agglomeration of particles in 
humid atmosphere; cementation of 

crystals 

Strength of compacts; metal- 
glass seals; wetting agents 

Clogging during flow; friction; 
angle of repose 

Flocculation and dispersion of 
fine particle suspensions; slips; 
cation exchange 

Thixotropy and diletency; filtration; 

slip casting 

8 
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PREPARATION OF PARTICLES 

Because the production method may profoundly Influence important 
properties of particles such as sice, shape, and reactivity, the more 
common methods employed to produce fine powders will be discussed 
briefly. Common production methods include: (1) comminution, (2) pre¬ 
cipitation, (3) atomisation, (4) thermal decomposition, (5) vapor 
deposition and (6) thermal quenching. The first three of these will 
be discussed. 

1) Comminution.- Comminution is the sice reduction of solids through 
the application of mechanical forces. Powders that are produced by 
cruLhlng and grinding are characterised by a sise distribution, with the 
finest particles being but a few Angstroms in diameter. Several recent 
papers have been concerned with the dependence of sise distributions on 
loading methods, fracture mechanisms, and flaw distributions. A number 
of sise distributions have been proposed for comminuted products. 

Theories of comminution are at present inadequate to account for the 
energy used in grinding processes. The efficiency of industrial grinding 
equipment is assessed by empirical relationships based mainly on per- 
formance of laboratory models. A number of size distribution equations 
are available to describe the products from grinding devices. The various 
"laws" of breakage, however, are presently considered to be less important 
than the application of computers to describe size distributions and 
rates of size reduction. Modern milling trends include the revival of 
interest in autogeneous grinding, improvements in mechanical and fluid 
energy mills embodying high speed and extreme turbulence, fresh studies 
of ball mill operation at super-critical speeds, and the Improvement of 
the vibratory ball mill. Precautions must be taken to avoid contamination 
of powders during the comminution of ceramic raw materials. 

Milling not only affects particle size and shape, depending upon 
particle cleavage and flaw density, but also will change the reactivity of 
the milled product in a subsequent sintering step. Just why the reactivity 
is affected is highly speculative. 

2) Precipitation from solution.- The processes by which precipitation 
from solution occurs may be divided into two primary stages: nucléation, 
and the growth of the nuclei to maeroseoplc dimensions. Present theories 
of nucléation have their origin in the theory of spontaneous nucléation 
developed for crystals nucleating fron a super-saturated vapor. Once 
a crystal has nucleated in saturated oclutlon, Its rata of growth depends 
upon several factors which Include number and kind of Imperfections, 
kinetics, and mass transfer at Interfaces, *he presence of foreign 
impurities. By suitably controlling tlie .Important variables In crystal¬ 
lisation, dlfferoat partiels sise ranges nay be obtained. To a large 
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extent, the »hape of the reeuUin« cryetale ie detemined by kinetic 
factora. Shapes may aleo be modified by controlling the aupereaturation 
or by adding hydrocarbon» which preferentially ud»orb to certain crystal¬ 

lographic faces. 

3) Atomlxation.- The processes occurring during atcaixation are 
complicated. There is the problem of the determination and control of 
the original drop-sise distribution. The quality of the product will 
depend on the residence time of the particles, their temperature and 
humidity history, frequency of collisions, and other factors. A given 
set of conditions produces a certain kind of powder. Much remains to be 

done in a study of these conditions. 

PROPERTIES DEPENDENT UPON THE PHYSICAL NATURE OP P\RTICLES 

The physical as well as the chemical properties of an assssibly of 
particles are important to the ultimate goal of any forming method, namely 
to actueve uniformity of properties and a reproducible microstructure. 
It is important to know which characteristics are of specific interest to 
forming in general and how these are measured. These have been listed 
in Table I and are discussed in the following paragraphs. 

n 



shape is probably that which la baaed on the equivalent disaster, the 
surface area, and the volume. If d Is the equivalent disaster, the 
surface area and voluae éf the particle are then fd^ and fcr respectively. 

Particle shape Is Important not only In forming, but also In packing, 
mixing, rheology, flow from bins, sintering reactions, and the ultimate 
microstructure of products. 

Of extreme Importance to characterisation of powders Is the else 
distribution of particles comprising the assembly. Particles formed by 
chemical means are characterised by a fairly narrow range of sises. 
However, cooslnuted products have a distribution of sises ranging from 
the upper limit down to a few multiples of the unit crystal. Numerous 
sise distribution equations have been used to describe the weight-slse 
relationship for a system of particles. Some have theoretical bases; 
others are strictly empirical. 

A minimum of two parameters Is necessary to characterise sise 
distributions. However, often an average diamatar is used In an ¿¿tempt 
to describe a system of particles of different sisar and shapes '<y one 
number. Average diameters are based on linear, surface, or volum* 
measures, and should be used by taking Into account the exact phenomenon 
of interest, l.e., average surface diameter Is generally used In studies 
of surface phenomena and permeability of packed particles. Such average 
diameters should be used with caution since the same average diameter can 
be obtained from a variety of distributions. 

Table 111 lists several of the common techniques used to determine 
the sise of a system of particles. The ranges of particle sises applicable 
to the method are also shown. 

•e 
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TABLE 111. Methods of Slslng and Range of Applicability. 

Method Stef MM«* Microns 

Optical microscope 
Electron microscope 
Sieves 

0.25 - 250 
0.0005 - 5 
5 - upward (generally above 37) 

Centrifugal sedimentation 
Light scattering and transmission 
X-ray scattering 

Fluid sedimentation 0.5 - 300 
0.0005 - 50 
0.1 - 30 
0.005 - 0.05 



Measureaenc of the eurfece area to characterize a powder is of 
great importance to most succeeding processing. Adsorption, ooiubility, 
kinetics, and many other phenomena are functions of surface area. As a 
first approximation, it would appear that in connection with properties 
of powders, such as the density of packing or the strength of an aggregate, 
the geometrical surface, as obuined by microscopy, permeability, 
or any other form of direct measurement, is adequate. For systems which 
require a measure of internal surface, gas adsorption techniques must be 
used. Several new methods to measure surface area have been introduced, 
of which the BET method of nitrogen or krypton adsorption is widely 

discussed in the literature. 

It should be pointed out that different methods of measuring surface 
area do not give the same results. Thus, the reported value of the surface 
area is dependent on the method used for the measurement. 

2) Porosity and pore size distributions in particles.- Porosity and 
pore size distribution is of interest to the reactivity of a granule and, 
in particular, to the coherence of a formed piece. A number of problems 
regarding the porous nature of particles exist, such as how to measure 
the closed pore volume. Several ways to measure open pore volume are 
available; usually closed pore volume is obtained by a suitable difference 

method. 

The simplest way to measure the distribution of large pores is by 
optical microscopy. The electron microscope has been used for smaller 
pores. The difficulty with these methods lies in sectioning techniques 
and the need to view large numbers of particles. 

Pore volumes may be obtained, for example, by a mercury intrusion 
technique. By applying graduated pressures, mercury may be squeezed into 
a porous solid and from the change in mercury volume a pore size distribution 
is calculated. ,Other methods involve gas flow analyses and the determination 
of adsorption-desorption Isotherms. Hercury displacement is of value for 
macropore distributions; the filling of pores with condensed gas is useful 
for pores in the 300 Angstrom and smaller ranfje. 

3) ».. -««»«• ..wnt d...tty. u,, dtollt;.- P.rtUL p«lHn* 
may be defined as the science and technique of mixing together particles 
of sizes and shapes so voidage is kept to a minimum. The best measure of 
efficient packing is probably a measure of the void space of the compact. 
In many Instances, void space is used synonymously with porosity of the 
compact although the porosity of the particles is not considered. The 
important bulk propertias are a) apparent density, b) tap density, and 

c) compression ratio. 



The «pperent density of * powder 1» the mss of s unit bulk volume 
of the powder. Tap density is simply the apparent powder density after it 
is vibrated or shaken down by a standardised procedure. Compression 
ratio is given by the ratio of the height of the uncompressed powder to 
the height of the pressed compact again by a standardised procedure. 
These terms have been most useful to the control of pressure compaction 

methods. 

Theoretical models using particles of known geometry have been useful 
for predicting the behavior or irregularly shaped particles when packed 
together. When a minimum void space is desired, graded sise fractions of 
Mterlal are utilised. Only a limited ssK>unt of work has been carried 
out to ascertain the packing of subsieve powders. 

4) Flow of drv particle systems. - The ease of Initiating flow of a 
particle system or granular mss Is indicated by its angle of repose. 
High angles are found for systems whose distribution has a top sise of less 
than 100 microns; low angles are obtained for closely sized Mterlal over 
100 microns in sise. The angle of repose depends on the way in which the 
powder heap is formed. The diMnsions of openings blocked by a powder 
Increase with increasing particle size; cohesion of the granules will 
also cause blocklt«. The dimensions of blocked apertures vary in the 
sum way as the width of the empty annulus which forms adjacent to the 
edge of an aperture through which the Mterlal flows. 

The flow of particle systems is usually studied in tens of theoretical 
work on the Mchanlcs of plastic systeM and recent treatments suggest that 
a flowing powder is analogous to a medium having cohesive properties, 
frictional resistance, and granular structural resistance which My vary 

as defcnation proceeds. 

The flow properties of powders are dependent upon the transmission of 
forces through the system, particle size, shape, and distribution, resilience 

cohesion, and state of the surface. 

5) Par—ability of packed beds. - The permeability of a packed powder 
is defined as the voIum of a fluid of unit-viscosity passing through a unit 
cross-section of a packing under a unit-pressure gradient in unit-time. 
This is really a simplified stateMnt of Darcy's equation and hence the 
unit of permeability is termed the darcy. The permeability constant is a 
function of Mny factors, such as particle size, shape, porosity, type of 
fluid, particle surface energy, contact angle, and surface arM. In fact, 
pamaaMtry Involves the passage of fluid through packed beds to determine 
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Calculations of the surface energy of solids have been made by a 

number of researchers but many uncertainties exist in these calculations. 

Experimental measurement of surface energies is difficult but many of 

the investigations now agree reasonably well. 

When a solid is immersed in a fluid, a redistribution of species 

will occur until an electrical double layer is generated. The properties 

of the double layer, which can be thought of as an equivalent condenser, 

are still open to question, especially since the sx>dels used are based on 

the assumption that solids have no space charge layer. Considerable 

refinements of the theory have been made with electrodes which are almost 

perfectly polarisable. In the case of solids, the parameter that is of 

interest is the tero point of charge of the solld~llquid interface. The 

nature of the potentlal*determlnlng species must be characterized. 

Any movement of a fluid past a solid results in an asymmetrical 

distribution of charge in the fluid relative to the solid. Hence a 

potential gradient exists and a force acts on the solid in accordance with 

the sign of the surface charge and the direction of the field. The field 

acts tangentially to the plane of movement. Various phenomena are related 

to this principle, namely streaming potential, electrophoresis, sedimentation 

potentials, and electro-osmosis. Under certain conditions, the dynamic 

double layer which is present during motion of a fluid past a solid is 

related to the static double layer developed in theoretical models. In these 

cases, considerable information may be obtained. 

The rheological properties of solids are significantly dependent upon 

the existence of an electrical condenser at a surface of discontinuity. 

The double layer is important to cohesion with a compacted powder. 

2) Reactivity of solids; stoichiometry; impurities. - A reactive 

powder is one which has been given some physical or chemical pretreatment 

to improve its ability to react more favorably in some way. For example, 

a reactive powder will more readily densify during sintering as compared 

to the same kind of powder which has not been made reactive. It is a 

phenomenon connected with surfaces and has been referred to as surface 

activity or surface reactivity. The reactivity of a surface is altered 

by a change in surface area and surface roughness, by a change in the 

content of bulk impurities, kind of lattice defects, and number of defects, 

by surface distortion and surface composition relative to the lattice type, 

by the gaseous atmosphere in contact with the powder, by the degree to 

which the atmosphere dissolves in the solid, and by the composition of the 

reacting mixture of solids (presence of additives). Particle size and 

reactivity are closely connected. 

Most ceramic powders are insulators or semi-conductors. Therefore, 

their electrical properties may be severely changed by impurities and by 
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the relative proportions of lattice components present. Moreover, their 
solid state behavior will depend on these factors, which also pertain to 
surface reactivity. The self diffusion of a species or of an Impurity will 
depend on whether the powder is an Insulator or semi-conductor. 

Generally, a powder is made reactive during its initial preparation, 
or is purposely treated in some fashion in the batching er forming stage 
to alter its reactivity. 

3) Rheology of suspensions.- Rheology is the science of the time 
dependent deformation and flow of matter. Suspensions whose properties 
are dependent on the degree of flocculation or dispersion, i.e., the state 
of electrical double layers, exhibit different kinds of rheological 
behavior. This is very dependent on the properties of the solids, 
especially size, shape, and solid concentration, all of which affect the 
deformation/stress response. 

Theoretical models of non-Newtonian suspensions have been developed 
for spheres in fluids and for other geometries. Considerable progress in 
theory of rheological behavior has been made in recent years. 

4) Electrical and magnetic properties which characterize powders.- 
Electrical properties of powders will differ from those of a solid when they 
depend upon the transfer of charge, because conduction paths are broken up 
in the powder. The surface will be chemically different from the bulk, 
for there will be layers of chemisorbed atoms and impurities. Therefore, 
the surface resistivity will differ from that of the bulk particle. The 
resistance of the powder compact will be dependent upon such factors as 
relative humidity, temperature, contact resistance, and the number of 
contact points which depend in turn upon the surface topography. Moreover, 
dry powders are extremely susceptible to contact charging wherein a 
particle charges oppositely to that object with which it is in contact. The 
charging properties of the powders will depend upon whether they are 
metallic, non-conducting, or semi-conducting in character. Charging may 
occur by particle-particle contact or friction, by particle-container 
contact, or by both. The maximum charge obtainable is limited by the 
breakdown strength of the fluid phase in contact with the powder, unless a 
direct short to ground is present. The electric charges which participate 
in the transfer are electrons and ions. There is no direct proof that ions 
are actually transferred by contact charging. 

The magnetic properties of powders are affected by the degree of 
packing, particle size, and specific surface area. Magnetic powders are 
usually considered to have a dipole electrical double layer at the surfaces. 
Recent techniques based on precession of these dipoles have been used to 
study adsorption on magnetic particles. 
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need for careful characterization of powders 

Preceding eectione have attempted to define and iunmarite the etate 
of the knowledge dealing with basic particle and powder propert.ea and 
behavior. Tb. Bibliography contain, «any raf.r.nc.0 «hich ar. «0« 
ipjciiic and which deal with .«bj.ct «att.r of importance to cbaracterlietton 

but which have not been sumnarited here. 

Thar« are two clasaaa of baaic properties of importance to character¬ 
isation, namely those aseociated with the particle and those which are a 
charaoterlatU of the assembly of particles. For proper characterisation 
of oartloulatie systems, basic properties of particles and groups of 
particles must he classified and measured. It must be determined which 

S these are * *rtant to a given forming °Pe«Jio“ ÍV^J^mo^wíII 
the formed »U S In a subsequent treatment. This kind of information will 
serve to assist In choosing the forming method which is best suited for the 
particulate system. 

In a highly ideal case, a raw material would undergo a standard testing 
procedure to obtain data which would place it into a classification •ehiM. 
Depending upon how the material is classed, the forming operation would be 
chosen to produce the best possible and product with that material. The 
classification would include schemes to modify properties and behavior 

to fit the forming method where desirable. 



B. COLO FORMING PROCESSES 

by A. W. Allen 

Cold forming processes are Che traditional mainstay of the ceramic 
industry in which particulate materials are compacted to the requisite shape 
under dimensional control by the application of pressure» As has been 
pointed out in the preceding section, the forming process receives from the 
batch processing a system of particles organised into a complex agglomerate 
system. The response of this system to a specific forming deformation 
is determined by the compaction response of the agglomerate base material. 

1. Compaction Response in Cold Forming 

The common denominator to the many cold forming systems which have been 
utilised may be in delineating the deformation response of a particulate 
system to the application of the forming energy. The final result of this 
response should be the geometrically characterised shape. The total mechanism 
of the compaction process which starts with a particulate system and ends 
with a shaped piece might be termed the "compaction response." 

In the process class called slip casting the medium for the transport of 
particles during the compaction process is liquid, usually aqueous. If the 
shape to be formed is complex in geometry, the fluidity of the system must be 
Increased to allow maxissis conformity to the mold or die cavity which 
dictates the shape. Sue. fluidity is produced by a combination of (1) in¬ 
creasing the liquid-solid ratio and (2) fluidizing the particulate system 
at low liquid contents with special additives. The particulate system 
responds as a liquid of controlled viscosity (usually non-Newtonian). 
Compaction in the system occurs when the liquid is removed at very low 
shear rates and at pressures which are essentially cha static pressure of 
the liquid itself acting against a rigid (or saml-rlgld), porous, permeable 
mold surface. A portion of the liquid is removed by the mold during this 
process but more remains to be removed in the early stages of heat treatment. 

Aids to the slip casting process to remove liquid and control casting 
rates have taken the form of applying pressure to the slip, pressure 
casting, or vacuum to the mold, vacuum casting. Centrltugal casting may 
be placed in this same category where the centrifugal pressure from mold 
rotation forces the liquid out of the particulate system. 

Note that a particular liquid-solid ratio is not specified. As will be 
seen later the detailed application of rheology has expanded the applicability 
of this method to a wide range of particle-liquid systems. 



If che cross section is constant and it is desired to produce a shape in 
which the length to cross section ratio is large and variable, the application 
of pressure to force the particle-liquid system through a die orifice may be 
employed. This type of plastic forming, referred to as extrusion, requires 
that the particulate system respond to forming energy by plastic deformation. 
The application of stress deforms the mass beyond its elastic limit but with¬ 
out fracture and in a manner which allows retention of the formed shape after 
the forming energy has been removed. The liquid-solid ratio is generally 
lower than for slip casting but again rheological studies of the systems 
have produced plasticity by a combination of (1) control of liquid charac¬ 
teristics, (2) employment of special rheological additive aids; and 
(3) control of rate of application of forming energy (strain rate). 

Compaction during extrusion occurs by plastic deformation in both the 
extrusion chamber and in the die orifice. It occurs rapidly at high shear 
rates and high forming pressures. Liquid removal must occur after the piece 
is formed, most likely during the first stage of heat treatment. An innovation 
here is the incorporation of a liquid removal step as an Integral part of the 
extrusion process but immediately following the extrusion step. Heat-induced 
diffusion of the liquid to an evaporative surface is motivated by the use of 
infrared or radio frequency energy. 

The plastic deformation response of such systems may also be such that 
a die cavity of variable cross section but fixed volume may be employed in 
an injection molding process. The compaction response here is one of plastic 
deformation but finally in compression as the particle system builds up back 
pressure on itself. Additives which act as rheological aids are the key to 
uniform transmission of forming energy to provide fill and dimensional control. 

To avoid the subsequent problem of moisture removal and to enhance the 
transmission of forming pressure, thermoplastic or thermosetting organic 
resins have been employed in injection molding. The temperature-time 
dependency of plasticity in an organic liquid-particulate system thus allows 
control of compaction response. The temperature-time cycle of forming con¬ 
cludes with a stage wherein the liquid viscosity increases to rigidity 
either by cooling or polymerisation (or combination of both). The type 
of resin selected may allow the entire cycle to occur near room temperature 
and be primarily time dependent. Resin removal now becomes a part of the 
heat treatment cycle, although for certain applications the resin may 
actually remain as the bond, the forming stage being the final step in 
processing the product. Plastic deformation is still the major mode of 
compaction response. 

Coextrusion of two different particulate materials is possible if their 
compaction responses are matched carefully by rheological analysis. Corre¬ 
lating the flow rate with extrusion pressure has been used for this approach. 



The extrusion process or filter pressing may be used to prepare the 
particulate system in a plastically deformable condition, the major compaction 
response occurring when a blank or "bat" is formed. The blank in this con¬ 
dition is subsequently brought to the required shape in an auxiliary forming 
step. Slight additional compaction occurs in this step, the response here 
being primarily to deform plastically to the intended shape. 

Thus in jlflfiarlnfl one surface is formed by plastically deforming the 
particulate system against a mold or die surface with a profile tool which 
defines the second surface. Generally cylindrical or elliptical cross 
sections are made by autoiiating the movement of mold and/or tool. If the 
mold is permeable a liquid removal stage may be part of the proctiss, but 
jiggering is also done in rigid, non-penneable dies. 

Plastic pressing also employs a plastically deformable blank previously 
prepared by extrusion. In this process the blank is compressed against a 
permeable die surface with a second permeable die surface. The compaction 
response is now one of plastic deformation in compression not unlike injection 
molding. Liquid removal occurs under pressure by enforced diffusion into the 
die material. Pressurized air blown through the die material releases the 
piece and expels excess moisture from the die (usually plaster). Jiggering 
and plastic pressing have been widely employed where automation is a require¬ 

ment of production. 

Plastic rolling is a more recent extension of the plastic pressing 
process. At low liquid contents this may be substantially powder rolling. 

Pressure forming is a process class in which the liquid content is 
essentially eliminated or minimized to avoid the attendant problems associated 
with liquid removal. Compaction response is a more critical function of 
(1) packing density; (2) mode of application of forming energy; (3) die 
design; and (4) particle-particle interaction. Additives are most typically 
employed which fall in the group of lubricants to affect minimum particle- 
particle friction and die wall friction, as well as binders to strengthen 
particle-particle cohension after compaction. Compaction response is 
apparently one of particle packing and elastic deformation perhaps to the 
point of fracture at high pressure but low shear levels. 

Where close dimensional tolerances are required and the liquid content 
is low, "springback" is sometimes observed after the forming pressure is re¬ 
moved. This may be related to recovery of elastic deformation which occurred 

during compaction. 

Some distinction may be made between dry pressing at liquid levels 
between 0 and 5X and "semidrv" pressing where up to 15X liquid may be 



employed. The liquid level is a materials dependent factor. Particulate 
systems in which clay minerals are prominent components would be a typical 
example of the latter. An inert particulate system like alpha alumlmxa 
oxide may not tolerate very large quantities of liquid. Again process 
additives may fall in a class of surface active agents which Influence 
this solid-liquid Interaction in the system and hence markedly Influence 
compaction response. 

In the pressure forming process class great concern is expressed for 
the uniformity of transmission of pressure in a particulate system which 
is designed to pack to maximum density. 

This is the paradox of pressure fonnlng which has led to a multiplicity 
of inventive techniques for die design and system operation to facilitate 
compaction response in a basically Immobile material. Most of these are 
based on uniaxial or at beat biaxial application of forming pressure 
directly applied through rigid punches, platens, etc. to the particulate 
system. The engineering in these operations is highly developed and well 
adapted to particular product classes. 

Realization that the homogeneous transfer of energy to the material 
in the die was a basic limitation of pressure forming led to the development 
of the isostatic pressure forming system. Compaction response results from 
the fact that forming pressures are applied simultaneously to the continuous 
outside surface of the shape. Ihe die is an elastically deformable material 
which approximately determines the external configuration. The interior 
shape is defined by a rigid non-deformable steel mandrel. Compaction response 
here may involve the entire stress range of elastic deformation through 
fracture and perhaps plastic deformation in the particles themselves because 
this process permits operation at higher pressures than other methods of 
pressure fabrication (lo5 psi. as compared to 10** psi.). Hiis also has 
became a well engineered system used in high volume, high precision production 
operations. Recent attempts to automate the process have also been successful. 

An earlier version which used a particulate system encased in a rubber 
bag and isostatically pressed in a hydraulic fluid (usually oil) pressurized 
in a conventional die cavity is often referred to as wet bag isostatic or 
hydrostatic pressing. 

In all of these the superior compaction response results from the 
unique mode of transfer of energy to the particulate system. 

If the liquid level is low enough (2# or less) conventional pressure 
forming in dies may be used to produce a preform which is subsequently iso¬ 
statically pressed so the compaction response is accomplished with a low 
pressure step followed by a second pressure cycle. 



Réalisation that compaction response is so greatly Influenced by particle 
packing led to extensive studies of vibratory compaction. Compaction response 
is the result of reduction in particle to particle friction by control of 
(1) size distribution and shape of particles; (2) lubricating particle sur¬ 
faces in a liquid medium which dampens violent interaction; (3) control of 
vibration frequency and power to fit the geometry and mass of the compaction 
die system. Here again vibratory techniques may be employed either as a pre¬ 
liminary step to another process or as the sole method of forming. The 
technique is particularly successful when the shape is fixed by preformed 
metallic cladding (e.g. vibratory compaction of fuel elements in zirconium 
alloy tubing or refractory brick in steel Jackets). The compacted clad shape 
may subsequently be altered in geometry by another method of forming, fressure 
forming may be employed for this purpose. Cold swaging refers to an area 
reduction operation on such clad earamics in which not only the cross section 
is changed but additional compaction in the particulate system may result. 

Many combination procès tes are possible in which one degree of ccmpaction 
produced by, for example, extrusion Is followed by a second operation which 
further compacts the particulate systam and brings it to more precise 
dimensions. Repressing of extruded shapes in a pressure forming operation 
is typical. 

Finally any of the processes may provide a shape which is brought to 
its formed dimension by any of a number of finishing processes such as 
grinding, sanding, turning on a lathe, etc. This may occur after the 
drying stage of heat traatmant or in a stage prior to removal of all liquid 
added for forming, the so-called "leather hard stage." With the improvement 
of finishing abraslvss, particularly diamonds, finishing of the final heat 
treated ceramic shape has also become routine practice. 

k. Progression of Material Characterization in Cold Forming Processes 

Figure 1 shows schematically the progression of characterisation of 
materials in finally arriving at the end result: a fully characterised, 
formed ceramic. "Fully characterised" refers to the fact that Ideally not 
only is the geometry known within specified tolerances but properties are 
known within specified limits of reliability. This requires, of course, a 
knowledge of the relation between the forming process steps and the heat 
treatment, finishing, and Inspection steps. It should also be emphasized 
that in a few instances the forming step is the last stage in characteri¬ 
zation when the requisite bonding and microstructure are achieved without 
heat treatment (e.g. "chemical bonding"), unless an auxiliary heat treat¬ 
ment occurs during the forming operation. 

Starting at the top of figure 1 the first step is the characterization 
of the particulate base materials used, single phase or multiphase. Liquid 
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Special mention should be made of ultrasonic aids because of their 
recent success on a pilot plant scale in ceramics. At relative easily 
attainable power level (50-500 watts) and frequency (60,000 cycles/ 
sec.) a pressure insensitive transducer applied to extrusion dies for 
rods (V to V diameter) markedly reduced the power required and the 
liquid content needed for forming non'day ceramics. A bell mode of 
vibration introduced at the die may act as an antifriction aid or may 
Introduce forming energy at the point in the process where compaction 
response is occurring most rapidly. Ultrasonic energy applied through 
the mold to a thixotropic slip of very low liquid content has broadened 
the applicability of slip casting. 

Some effort has been made to employ the feedback control loop 
approach to forming systems in general. In one instance the success of 
coextruding materials of quite different compaction responses has been 
the result of automatically monitoring extrusion rate as a function of 
extrusion pressure. If the extrusion pressure was controlled using the 
detection of flow rate as a basis, this control loop could be completed. 
In another instance detection of elastic strain in a vertical member of 
a toggle compaction press is used as a basis for automatically adjusting 
die depth and hence for controlling compaction response in pressing. 

A secondary step in forming referred to in Figure 1 as auxiliary 
forming enhances compaction response and may be used to define the 
final geometry of the formed shape. 

The particulate bare materials have now progressed to a geometrically 
characterised shape. To this point the major problem has been producing 
geometric configuration with dimensional control. If heat treatment is 
included in the process the problem changes to one of maintaining di¬ 
mensional control without geometric distortion. The traditional role of 
heat treatment is also to affect mineralogical and chemical changes 
which define phase placement in the microstructure. This may occur in 
prereacted materials which are discussed later. 

The bottom of Figure 1 shows the links between the cold formed shape 
and the fully characterised ceramic shapa to ba microstructure and property 
specifications as modified by finishing treatments, testing and inspactlon. 
If the ceramic engineer could form to a characterised microstructure and if 
he had ultimate knowledge of the correlation of microstructure and 
properties this linkage would be precise. 

3. Characterised Particulate Base Materials 

Particulate raw materials with known physical and c head cal (including 
mineralogical) properties are an obvious requisite to successful forming 



operation. A dile«»a exlita here because often the raw aaterial supplier 
and the uaer are not aure where the reaponaibility for the characterlaa on 
liea. Thia ia true becauae the value of the product *•][ “J*' 
characterizations of the complex ayatem to the degree which la theoretic 1 .y 
neceasery. Eatpirical characterisation and interdependence of aupplier 
and user la thus a traditional aituation. In the development of aome 
materials (BeO and U02 for example) where coata were leas critical, «ich 
fundamental information on characterising the raw aateriala haa been 

developed. 

Of the propertiea of particulate eyetema considered important the 
following should be emphasized (aee also Chapters II A and V E, the 

Bibliography): 

(1) aise distribution and shape 
(2) surface area per unit weight and density 
(3) crystal modifications, stoichiometry, defect structure 
(4) chemical activity (e.g. hydration behavior, iodine 

number, anion impurities) 
(5) degree of chemical purity or controlled impurity 

Of these factors the else distribution seems to be the most universally 
important one to all methods of cold forming and to all product categories. 
In spite of the classical studies of particle packing the characterizac on 
of size distribution still appears to be at a semi-empirical stage because 
of (1) inability to produce stable particulate systems reproducibly in 
sizes below 10-15 microns; (2) complexity of the influence of shape ffc: or 
in multiphase particulate systems; (3) poor reliability in measurement o 
particle size and shape, especially below 10 microns. 

The abrasives industry is one of the few that has made an attempt to 
standardise specification of particle size and shape over the wide range 
of sizes necessary. This necessary range may extend fro« greater toan k, 
diameter for some refractory products to less than % alerón for certain 
pure oxide products. Thus the engineer begins to reach a point of 
diminishing return in applying packing theory to the else formulation of 
particulate systems. This is complicated by the fact that in multiphase 
system* he may require several size distributions depending on the material 
component involved. The phase placement in the final microstructure may 
be related to this requirement. For example, in a recently developed 
process for is^roving high alumina refractory brick, secondary nullité 
formed at the grain boundaries of corundum was the result of incorporating 
"colloidal" silica in the particulate system. The familiar "gap sizing" 
used in the refractories industry is also an example of this increasing 

complexity. 

go the engineer learns to relate the characterisation of the particle 
distribution to a particular comminution process or nixing operation. 
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Hi« characterísatiou then becomes a function of the reproducibility of 
the process. The literature is replete with studies of particle alie 
distribution (or more exactly equivalent spherical diameter distribution) 
as a function of dry milled versus wet milled versus energy milling or 
of the effect of calcining temperature on particle sise, etc. etc. 

Such a simulative, statistical approach may be his only economically 
feasible recourse. In fact, the most used tests for characterisation of 
particulate systems seem to be of this simulative type. "Sintering 
behavior": press a pellet and see what happens when it is fired, or 
"compaction behavior": press a pellet in a standardised die and measure 
its compacted density. These are all realistic, expedient approaches to 
characterization. The extent to which characterisation is fundamental 
may be a matter of degree of knowledge, and the criticality of charac¬ 
terization may be a function of the reactivity in the particulate system. 

This kind of reasoning extends to the other particle properties listed 
above more than we like to believe. 

One approach to minimize these variables is to prereact the particulate 
system, then reconstitute and carefully characterise the new material as a 
particulate system component. This prereaction may take any of a number 
of forms. The materials may be simply calcined to remove volatiles and 
dimensionally stabilize the aggregate. The entire formulation stay be 
sintered at varied temperatures up to fusion to promote desired solid 
state or crystallization reactions and compaction. Or the materials 
may be completely melted to form a glass aggregate (called a "frit"). 
In certain instances the deposition or codeposition of phases by vaporization 
or precipitation from a liquid has produced a special characterization 
needed to improve beginning materials. In each case the resulting material 
could then form the sole particulate component of the forming batch or 
may be one of a multicomponent particulate system. 

A. Characterized Stable Agglomerate Base Material 

After the dry particulate system has been established it must be put 
in a stable rheological form acceptable to the forming process. The key 
to this operation is the addition of liquid and certain process additives 
which have a variety of functions. This is a highly proprietary area in 
which not only the kind of additive but the sequence of addition may be 
important. Criteria for selection become empirical and intuitive. Special 
granulating, agglomerating, or blending techniques also play a part here. 



About all that can be done if to clasfiiy the addltlvea as to function: 

(1) bindert for atrength; 
(2) lubricante for raleaaa, antifriction agents, or rheological 

aids; 

(3) deflocculentt and flocculents (soluble salts) for pH control 
or particle surface charge control; 

(4) plasticisers for water retention, rheological aids, or 
strength during and after forming; 

(5) wetting agents; 
(6) wat«r retention agents; 
(7) antistatic agents for charge control; 
(8) antifoaming or foam stabilisers; 
(9) chelating or sequestering agents (ion retention); 

(10) fungicides and bactericides for aging stability. 

As an example, a good casting slip must (1) have controlled viscosity; 
(2) have good suspending capacity for solids; (3) have reproducible casting 
rate; (4) drain and release from mold; (5) have high strength after casting; 
(6) have known shrinkage when liquid is removed; (7) have complete stability 
with age. 0b7lously all these requirements will not be met with simple 
water-particle mixtures. 

The ability to remove such additives in subsequent processing may 
control the selection of an additive and hence limit the entire forming 
operation. The thermal degradation of organic additives may be studied 
in detail as to (1) carbon residue; (2) ash content; (3) volume stability 
of formed shape during removal. 

Reactivity between the liquid medium and the solid particles may 
present a problem in rheological stability which could carry over as 
a problem in heat treatment or as a problem in defining the chemical 
composition of the final material. For example, when the liquid medium 
is water and the solid material is a chemically active oxide like CaO 
or MgO, hydration readily occurs to change the chemical and physical 
constituency of the particulate system. Such an effect is exaggerated 
in the small particle fraction of the particulate system. The stability 
of casting slips of these oxides is very definitely affected by hydration. 
Reducing the temperature during all operations is one method of reducing 
activity. Employing liquids less reactive than water (e.g. alcohols) 
or additives which protect particles from hydration are other approaches 
to minimise the effect. Further complications arise in the removal of 
the water when hydrated oxides which are stable to temperatures in 
excess of the normal drying temperature Introduce an added dehydration 
step in the heat treatment cycle. In certain composites where easily 
oxidlxable metal particles are part of the particulate system, compli¬ 
cations arise from oxide skins formed. Special mixing sequences or 
mixing in inert atmosphere may be necessary in these cases. 



- ’ 

.v«tJh?ni?*?l*Xityi.0f thlí #U8e in PreP*rÂtlon of the particulate 
yaten introduce* the problem of characterizing the agglomerate batch 

t0 the formin8 °P®ration aa a basis for control of 
he final product. Again an outline of the pertinent factors seems 

appropriate: 

(1) Particulate size 
(a) mill product 
(b) granulated product 

(2) Homogeneity 
(a) moisture and ignition loss 
(b) micro and macrostructure in formed shape 
(c) tracer technique 

(3) Densification 
(a) bulk density 
(b) permeability 

(4) Flovability and Formability 
(a) casting rate 
(b) granule flow rate 
(c) extrusion rate vs. pressure 

(5) Green Strength-Density Correlations 

(6) Sintering Behavior of a Standard Specimen 

atalmerstl ?f the8e f*Ct0ri “ay be u8ed t0 characterize the 
ln 4n «ttempt to predict how it will act during 

forming. A non-destructive, rapid test for green density and strength 
would facilitate this type of determination. (The characterisation^ 

.»“SU“’S!“ ln s'ctlM 11A *nd 

5* Poking System Design: General Comments. 

c hof°“8b discussion of forming system design is beyond the scope 
of this writing because the recitation of historical developments would 
not be meaningful and because the significant contribution* are either 
covered well in patent literature or are completely proprietary. 

m níLt,,ÍÍ8nÍfiCÂ?t,thÂt/ffCt0r# ,uch 44 <l> Production rates, (2) production quantities, (3) continuity of demand, (4) safetv con¬ 
siderations, (5) tooling amortization, and (6) required capitalization 
costs play a heavy role in the design of forming systems, perhaps an 
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equal role with the requirements of the finished product or the 
characteristics of the material to be formed. 

The problem of scaling up the production of a shape which is feasible 
in the laboratory is a particularly difficult one. A requirement for a 
forming system coupled to a heat treatment which would require a minimum 
of capital investment is a challenge given to design engineers particularly 
in producing large ceramic shapes. 

The isostatlc process development may be in this category because the 
capital investment per unit of forming energy available is substantially 
less than the conventional heavy press equipment. This is by virtue of 
improved efficiency of the process of transferring energy directly from a 
hydrostatic fluid or deformable die material to the particulate system. 

Also the ultrasonic aids previously discussed are in the realm of 
improved efficiency in forming energy transfer. 

One opinion holds that new concepts in forming system design will 
most always come from the intuitive, inventive person who may have broad 
experience but little formal scientific training. Support of development 
efforts In this category may be quite effective. 

As the use of automated systems develops and the pressure applied in 
isostatlc systems increases, a need for superior mold and die materials 
will develop. Automation places more stringent requirements on wear 
resistance and corrosion. Higher pressures in isostatlc forming may be 
limited by the availability of suitable pressure vessels. Plaster as a 
material for molds may become inadequate as pressure casting, ultrasonic- 
assisted casting, and similar processes develop. Already the use of 
porous ceramic molds other than plaster, and porous metallic molds which 
are readily rejuvenated, are being explored. Low cost expendable molds 
may not be out of the question. 

Another concept Is that all forming system development should be 
oriented primarily to the end use. The development of radomes and of 
oxide nuclear full elements are two typical examples in which this Is 
being done. This may be a much more realistic way of matching capital 
expenditures and development costs to the economics and strategies of 
the end product. 



Early ln the «urvey It vaa thought that a liaitation on lise, 
tolerance or geonetry could be developed for each cold foralng proceee. 
Time did not permit a eyeteaatlc survey. It became quite apparent, 
however, that such a survey would not have auch value because theoretical 
limits are not recognised by the industry. Given time and funds most any 
fabrication Job could be attempted with reasonable probability for success. 

On the saall end of the scale, barium tltanate discs as small as 0.010" 
In diameter and 0.003" thick have been made by cold pressure foralng. Hollow 
alumina porecelain cylinders 8 feet long and 27" In diameter have been made 
by pressure casting a slip. Graphite rod stock 105" in diameter is now 
available. 0.002" to 0.005" coatings have been applied to rod by co- 
extrusion and 0.003" holes have been held in rod only slightly larger than 
this in outside dimension. Almost any degree of finish or tolerance can be 

developed by grinding or polishing. 

The smallness limitation seems to be somewhat more technically limited 
in that sdcrostructure control looms as a barrier when the sise of the part 
desired approaches the sise of particles used or the grain size in the fired 
piece. Handling and transport systems need to be worked out for the small 
sices. The economics of finishing (grinding) may dictate the degree to 
which very small parts can be brought to tolerance which is closer than 

of any final dimension. All of these capabilities are well within the 
scope of the industry if the continuity of demand and/or price of the 

product allows it. 

The largeness limitation is much more materials dependent. Large 
particulate sizes in certain oxides (s.g. BeO and BaTiOj) have not 
been available, and producing an extremely large part from very finely 
divided material may be a definite limitation. The properties of a green 
formed piece may limit its size. If the green compressive strength is 
about 100 pounds per square inch how will it support its own weight if it 
weighs 2000 pounds? In the heat treatment process the ceramic usually 
looses strength in the early stages before it develops its coherent 
microstructure. All of these present handling problems which, while 
not insurmountable, may be expensive in their solution. 

One very realistic largeness limitation is the availability of 
large heat treating furnaces. In the production of the 8 foot alumina 
cylinder mentioned a special kiln was engineered for this purpose. The 
problem of the large kiln is amplified when the temperature required is 
above 2900°P or the temperature uniformity demands gradients held to 
less than 10°F. Atmosphere control is an equally difficult problem in 

larger kilns. 



So the Urgeneee UmlUtion ie dictated primarily by the economic» 

of translating precise technology to a large shape. It must be relate 

to the total ceramic process rather than the forming process alone. 

Better cosmwnication with designers who specify sises, shapes, and 

tolerances may be a way of realistically modifying the ul 

geometric characterisation. Often if the design is 

to a small degree rather then a complete attempt to adapt the materi 

the design, procurement is expedited without sacrificing any overall 

design requirements. 



C. HOT FORMING PROCESSES 

by R. M. Fuirath 

Hot forming includes those processes for densifying ceramic powders 

or shaping a pr»compacted ceramic by the simultaneous application of 

pressure and heat. In a few isolated instances hot forming is used as a 

production method. The majority of the cases where hot forming is used, 

however, lie in the area of research and development. These methods of 

forming are unique in that they can be adapted to form many materials 

into high density specimens without extensive experimental studies. 

Because hot forming has been essentially a research tool, individual 

opinions on its utility and potential are often prejudiced by personal 

experience. This section has attempted to be objective in injecting 

the individual opinions of numerous workers in the field. 

The evaluation of a forming method is primarily made on the basis of 

the properties of its product,, The differences in the importance of a 

specific property to a technological area dictates the extent of interest 

in hot forming. For example, In producing oxide or carbide tool bits, high 

mechanical strength requires nigh density and a small grain size in the 

polycrystalline material. Hot forming by hot pressing has been developed 

to give these characteristics. In the development of nuclear fuels the 

density of compacted UOj grains is of importance. The utilization of 

this material does not require a high strength ceramic because of the 

metallic cladding used to form the fuel element. Hot forming by hot 

swaging or hot isostatic pressing can give a high density ceramic. The 

optimum optical properties of the alkali or alkaline earth halides 

require a high density. Hot pressing can again be applied to form such 

materials with the desired properties. The latter two examples do not 

require high strength itk the compacted material, and, therefore, the 

hot forming methods applicable to these two technological areas may be 

broader than those applicable to the first example given. 

1. Hot Forming Methods 

Hot forming methods may be classified in a manner similar to those 

methods used in cold forming. In general, these methods are outgrowths 

of the cold forming methods with the added variable of heat. In a few 

cases the application of metal working methods has been tried to denslfy 

or shape ceramics and are Included in this classification more to show 

awareness rather than give details of the application. 

Because of the aaxmnt of information and experience available in 
uniaxial hot pressing, a major portion of this section will be devoted 

to this method. 



TABLE I. Methods of Hot Foraing Cereales 

(D 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

Hot pressing 
A. Uniaxial pressure application 
B. Biaxial pressure application 
C. Triaxial or Isostatlc pressure application 

(1) Pressure mechanically applied ,, 
(2) Pressure applied through a gas or liquid mediu* 

Hot coining 
Hot rolling 
Hot extrusion 
Hot forging 

Methods^involving high rates of pressure application 

2. Uniaxial Hot Pressing 

This foraing technique has bean applied to 

r:¿ ää ä 
of the usual asthod of uniaxial hot pressing has been used to seaicon 
tlnuously produce aluainu* oxide rods. 

Ih. »«1 u.«l In uniazinl hot prnMlng .how con- 
*tdnrnhin*vnrUtion. PrKttc.lly .vorT ÍmmU .y.t« 

- rrc^tÄ Äsrit^rÄ » 
EiÄ^on^Äitr^ 
ln this technique. 

bo^Mtü, Cïiw!î*»l I”?“11* C«* 
in the center of a cylindrical gr p ^ platens of a press 

íith îuitabîrrefrectory insulators between the graphite plungers and 

SÄla Äbir.k^“rl r.uL-d in P1K. 
nf fuaed silica or ceaent bonded asbestos. An induction coil 

* nA the outer shell is used to heat the die aeseably. Argon or other 
îüôrt aonoaphar. 1. elrcnUtwi ov.r ud through th. th.™«! ln.ul*rlon 

Ltdatlon. Th. pr..«r. i. WlUd to th. Kt«U by . by- 
, r .acvr acting on the graphite plungers. Normally the die and 
«“iíÂrír«..* 1. hLtid to th. J..lrW t«p«.t«r. .nd th.n 



pressure Applied. Msrtwm teapereture and pressure attainable depend 
on the particular installation end design. 

The najor variables encountered in hot pressing equipment are the 
die material and design, method of heating, atmosphere control, and pres¬ 
sing aids employed. 

Graphite is the most common die material used for uniaxial hot pres¬ 
sing systems. However, other die materials are being used on a limited 
scale. Table II lists the materials being used or considered for use 
and limits of temperature and pressure at forming temperature considered 
to be attainable at the present time. 

TABLE II. Uniaxial Hot Pressing Die Materials 

Maximum 
Pressure 

UqpiQ. 
10,000 
2.500 

8,000 
10,000 
3.500 
3,000 

20,000 
? 

? 

15,000 

varies 

Use 
Temperature 

2500 
1500 

1700 
1400 
1500 
1100 
1200 
1180 

7 

1200 

Inconel Z 
Hastelloy H00 
Stainless Steels 

Remarks 

Inert atmosphere required 
Reactive with many materials 

difficult to machine 
Expensive, difficult to 

machine 
Easily oxidised 

Difficult to machine, 
needs extreme care in 
loading, low thermal 
resistance 

Expensive, difficult to 
machine 

Mainly used for halides 

Graphite is the most universally used material for hot pressing dies. 
It is available in many grades with differing densities, strengths, and 
thermal and electrical properties. Its increase in strength with tempera¬ 
ture, low thermal expansion, ease of machining, and low cost make it a 
nearly ideal die material. Experience with many grades of graphite has 
not suggested any criteria for selecting one grade for hot pressing dies. 
Generally, thu 1.6 to 1.8 gm/cc density extruded graphites are used. 
Molded graphites rather than extruded grades are considered best when 
the die is boated by electrical resistance. Mew materials such as the 
"ZT" grades of graphite and pyrolytic graphite are being appraised as 
possible hot pressing dies and plungerj. Because of the enhanced aniso¬ 
tropic properties of these materials, their applicability to hot pressing 
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dies appears to pose serious problems in die design, "glassy Carbon" 
is another new material that may be investigated, though 
ability of significantly large sizes presently limits its applicability. 

:SÄÄ strength atlö^O 1. ^"Ting 
of the difficulty in machining, and, consequently, few experimen ng 
TiB2 as a die material have been attempted. 

The alloys based on Iron-nlctel-chrcBdum or alehel^toomi™ hare 

been used exSnslvely in hot pressing the J^^^^^tellifcreep 
halides. Their maximum temperature limitation is 

Interest in oxide die materials for hot pressing in oaddizingatœo- 

STln SSeS ÄÄ rSg ^ 
tance and creep at elevated temperatures; however, the *** °* £““* 
reactivity with sea» materials and oxidation stability coope 

these limitations. 

Design of hot press dies is generally based on the standard formulas 
ear tSSSañedlylSdírrrtth internal pressure. For small diameters 
for thicK y _ , . -nyvafli ntinff maximum pressures attainable 

able experience with hot pressing in the metallurgical field. 

Die vastes, liners, or sleeves have not teen 
J^rivva-tr potential. Ifetallic foUs of platinum, molybdenm, 

Sd^^eCf iSi in graphite die. to p^ent reaction between 

(under 1100¾) e 

In tte hot pressing of dielectric ceramics of the hart«» tltanate 
type, a zirconliM oxide povde- has teen used bet«en the graphite die 
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and the dielectric. The zirconia povder transmits the pressure from 
the graphite plungers to the dielectric povder and prevents graphite 
reaction with it. It is not known whether the pressure acting on the 
barium titanate is uniaxial or hydrostatic. However, useful products 
have been obtained. 

Induction heating of graphite dies is a simple and economical method. 
This technique, however, is more difficult to adapt to controlled rates 
of heating and cooling and to assured temperature uniformity in the 
specimen. Even so, induction heating is used in a majority of hot pres** 
sing systems because of the high temperatures attainable. Resistance 
heating of graphite dies by direct passage of electric current has in¬ 
teresting applications. For oxide dies and in some cases graphite die 
assemblies heating by radiation from resistance heating elements has 
allowed closer control of temperatures. Temperafrxes attainable by 
this method in general are under 1800°C. The type of heating employed 
in many instances is coupled to the type of material being hot pressed 
and specific hot press design. 

Atmosphere control in hot pressing is often necessary. Graphite 
below 2?00°C must be operated in an inert atmosphere or vacuum. Above 
2200°C an inert atmosphere must be used because of the vapor pressure 
of the graphite. In many assemblies the graphite is heated and residual 
oxygen reacts with the carbon black thermal insulation or die material 
to form carbon monoxide as the gaseous atmosphere. The low rate of 
oxygen permeation through the carbon black prevents serious oxidation. 
Other systems flood and continuously flush with an inert gas such as 
argon. In either case the atmosphere at the sample position is unknown, 
but probably in the first stages of hot pressing is reducing. 

Vacuum hot pressing has been attempted successfully in a number of 
laboratories. In pressing oxidei one would suspect that an applied 
vacuum would facilitate attaining very high densities. There Is no 
direct experimental evidence to confirm this. When pressing two-phase 
systems, such as glass-crystal combinations, th*re Is definite exper¬ 
imental evidence that vacuum hot pressing reduces entrapped gas and leads 
to more uniform microstructures. 

To aid the densification process during hot pressing controlled 
impurities are often added. Fluorides are added to oxide materials such 
as MgO and BeO. Post-forming heat treatment in oxidizing atmospheres 
of these materials can be used to eliminate the fluoride. This method 
has been used to produce translucent MgO. 

In all hot forming processes the response of the material to the 
application of pressure and temperature is the most important parameter. 
Unfortunately, this response is a major unknown. Because density attained 
is the most universally accepted measure of hot pressing success, numerous 



■ateríais have been investigated as to the density achieved under various 
pressure*tías-temperatura conditions. These relationships have been 
used to fonulate the aechanisa by vhlch Materials denslfy. Two Major 
Mechanism have been proposed. One regards the Mass transfer to occur 
by volune diffusion and the other by plastic flow. It is not apparent 
at present that either MS food alone is the only Mechanism. It is possible 
and quite probable that particle sliding, plastic flow, and volume diffusion 
each take place during hot pressing and their relative importance in achiev¬ 
ing a final density is governed by the character of the initial powder 
and the exact hot pressing environment. No worker in the field can or 
will predict the hot pressing conditions necessary for a given crystalline 
powder unless he has previously tried to hot press it. The general con¬ 
sensus is that a "try and see" attitude Must be taken at the present tine. 

There are numerous exaaples of the same Material chemically behaving 
quite differently according to the character of the crystalline powder. 
Fine particle slsed (below 0.5 Micron) alumina will compact to approxi¬ 
mately 30 percent of the theoretical density under a load of 1000 psl, 
whereas, larger slsed particles (above 2 Microns) will pack to approximately 
50 percent of the theoretical density. On heating these Materials to 
1000°C under 1000 psl applied load, the large particle sise alumina 
will essentially retain the same volune, whereas, the smaller particle 
sise material will denslfy to 50 percsnt of the theoretical density. 
No evidence of sintering or grain growth can be found in the fine powder. 
This difficulty in understanding the response of a material to hot forming 
in general has kept the field active in research and devalopment. The 
ultimate ability to characterise fine powders and to determine the char¬ 
acterised powder's response to the simultaneous application of pressure 
and temperature is paramount to the development of a scientific approach 
to hot forming. 

Experience has dictated the primary process control in hot pressing 
to be the pressure-temperature relationship. Most systems are operated 
so that the full pressure is applied at the maximum temperature. During 
the heating cycle a small holding pressure is applied to Maintain align¬ 
ment of the system. Other than this very little work has been attempted 
in evaluating the temperature-time relationships or effects of atmosphere 
control. Because uncompacted powders have low thermal conductivities, 
it is possible that severe thermal gradients would exist in the material 
to be hot preseed just prior to the application of pressure. In vacuum 
hot pressing tims would also play an läportant role due to the slow per- 
asatlon of gas through graphite or the powder to be hot pressed. These 
factors will Increase In Importance u the sise of the hot pressed shape 
is increased. 

Pressure distributions undoubtedly occur in hot pressing similar to 
those encountered In cold pressing. No InforMtlon other than density 
variations In Halted samples Is available to support this conclusion. 



It is realized that this would become increasingly important as sizes 
of hot pressed shapes are increased. 

Hot pressed shapes, sizes, and uniformity are important considerations 
Cylindrical, square, and rectangular cross sections have been fabricated. 
By use of a collapsible graphite tube to form the inner diameter, oxide 
tubes have been formed by hot pressing. As a "rule of tbunib" the length- 
to-diaroster ratio for hot pressed specimens should not be greater than 
k to 1, Although specimens with ratios as high as 9 to 1 have been formed, 
density variations along the length become increasingly severe above the 
4 to 1 ratio. A unique method whereby the hot pressed material itself 
forms the bottom plunger has allowed alumina rods 4 inches in diameter 
and up to 6 feet long to be formed on a semicontinuous basis. The density 
of the predict in this case varied between 90 and 95 percent of the the¬ 
oretical density. 

Examples of w«.iHTmm sizes that have been hot pressed to this time 
are given in Table III. 

TABLE III. Ifcximum Sizes of Hot Pressed Shapes 

Length 
in inches 

Diameter 
in inches Material 

14 
10 
12 
9 
7 
6 
8 

BN 
BeO 10 

2 
6 AI2O3 

MgO 
TiBg 

8 

It is by no implied that the sizes in Table III are the max¬ 
imum possible sizes attainable. The general opinion is that if a larger 
shape were desired, it could be made by hot pressing if suitable equipment 
were available. 

The smallest size that can be attained by hot pressing an individual 
shape is thought to be approximately l/4 inch diameter by 1/4 inch high. 
No clear-cut limit is apparent, however. 

Uniformity of hot pressed pieces either piece to piece or within 
one piece has not been subjected to thorough study. With beryllia density 
variations of +0.2# in one piece and ^0.5# in repeated specimens have 
been reported.” Almina tool bits are quoted as having better uniformity 
from hot pressing than frem cold pressing and sintering. Grain size 
variations in one beryllia sample 12 inches in diameter varied from 10 
microns at the center to nearly 100 microns at the edge. The mmber of 
pieces repetitively produced by hot pressing to date has not been suf¬ 
ficient to adequately evaluate the uniformity of grain size, density, 
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and other pr^nerties that can be achieved. 

Various acheaea to aake hot preasing aore economical by a continuous 
or volume procela have been proposed. Die aaseablies maintained Lot with 
a heated feed and hot ejection have been suggested, but there is no evi¬ 
dence for such a systems having been tried. The use of many die assemblies 
vhlch are preheated, passed under a press, and then cooled has been proposed 
but die costs are a prohibitive factor. Stacked pressing of a number of 
pieces in one die end gang pressing of a nuaber of die assemblies have 
both been used successfully on a sealcontlnuous process. 

The pressing of large shapes and cutting of the desired specimens 
from thea is practiced by the producers of boron nitride and ferroelectric 
cereales. This method has been limited to those materials for which cutting 
costs are not prohibitive. 

Continual production by hot pressing does not appear to be impossible 
but superficial examination of the problem indicates unit costs would 
probably be high. 

3. Other ?ot Forming Methods 

Little experience with biaxial pressure application at temperature 
is available, although the method has been tried in systems similar to 
conventional uniaxial pressing systems. No apparent gain was realised. 

Interest in isostat1c or triaxial hot pressing has significantly 
Increased during the past five years. At least four laboratories are 
actively pursuing this forming method. The current Interest is in using 
a gas for the transmission of pressure. In high pressure geophysical 
research the heated tetrahedral mechanical press has been used, but little 
information concerning its application to ceramics is available. 

The equipment used in hot isostatlc pressing consists of a pressure 
vessel containing a furnace. The material to be pressed is sealed into 
a metallic container, Inserted into the furnace, and heated to the des?red 
temperature. The pressure of an inert gas in the vessel is then raised 
to the desired level. One small Isostatlc press has a chamber 1-1/2 
inches in diameter and 3 Inches long. It can reach 2200°C with a pressure 
of 40,000 pel. 

Large installations capable of forming samples 13 Inches in diameter 
and 3 to 4 feet long have been constructed. These operate to 1550°C 
and 13,000 pel helium gas pressure. Canning materials to contain ceramic 
samples have been primarily of stainless steel. 

Hot Isostatlc pressing has been applied to ceramics, cermets, and other 
composite materials containing ceramics. The method offers a unique pres¬ 
sure pattern which may be expected to cause material to respond to temperature 
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and preaaure differently than other hot foming méthode. 

Hot rolling of cry.t.lllne c.r-lc, for th. productloo 
or .h'Hi. h*. baen inv..tU.t.d In > numb« of l.bor.tor!..^*»««. 
rntnnrcb .ffort In no» in progr.nn nt on» Uborntory. Th» jo P« lu,lM 
1. bnlng nnd hnn bn.n unnd in «.»ntUlly ■»«! “tkin* roll» »Uh .lo»in» 
c.rimU »*»•»»•. lnt.rn.lly h«.t.d roll. bnv. not b..n o».d; ‘»^jr, th. 

mnt.rUl t. pr.co»p»ct.d .nd h..t.d tb«n ^ 
at a lower teaçertture than the compact. Thia reaul a .. 
heat tranafer^rom th. matar la 1 to the roll. 
tanate, foraterite, and aynthetic mica indicatea J ^ 
be preaent to aucceaafully hot roll cerámica. A poraelain body haa aea 

aucceaafully rolled by preheating an iaoataticallypref ^ J 
1520°C and paaaing it between alumina ceramic rolla. A 25 parca 
duction in thickne.a per p... wa. achieved. The gUaa vi^coait^and 
proportion appear to be important parameter* in hot rolling. TVenty 
lo 40 percent glaaa i* neceaaary with approximately 30 percent optl*». 

Hot Extruaion of canned and unreatrained ceramic powdara haa 
inv.atigated^inmany laboratorie.. Lithium fluoride .^«nhot 
extruded in vacuum to give tranalucent roda approximately 1/8 inc 
diameter. Fine grain Size, were not attained. The «tru.ion of* . ngl. 

crystal of lithium fluoride gave a glaaa clear .n-- 
fairly large grain aize. The more refractory material, auch a. oxida, 
have generally been reatrained and coextruded with a metal c*n* **** 
nesium^oxide has been hot extruded in a heavy molybdenum can The oxid. 
material exhibited a fine-grain^l aurface and coarse-grained interior. 

Marble dust canned in steel haa been extruded and hot ^lled ba-_ 

tween 700 and 800°C with no evidence of a Uquid pha**. »*^ ^ 
haa been canned in atainlea. ateel and hot extruded at 1000 C with i te. 

suras of about 270,000 pai. A re.earch *«o*t on ‘ 
uranium dioxide both clad in stainless ateel and 
initiated The work to date haa shown that at approximately 70X of 
ta «mng “in d.gt... talvln .Ufflcum »l«tl.ley . taUjtad 
for tat extrutlon. tatalty of tta fln.1 product 1. tb. -Jot «tt.rtoo, 
hcv.v.r, » »Id. rang, of proc... v.rl.bl.. »Ill be .tudlod. 

Hot ntru.lon ta. po..d ..riou. probl«. on «tru.l^n die »»«ri»1*' 
Tta blgb pre».ur*s r«qulr.d tav. u.u*lly o.c...lt»t»d tta 
tabríxtííd.d ta pr.ta.ted «d r.pldl, pi««! In . r.l.lv.ly cod 
«xtru.ion ctaaber .nd «trud«! through 
this haa on the material reaponae ia unknown and may be a limiting race 

The major problem* with hot extruaion are aaaociated with the lack 
of high temperatura extruaion die. and the inability to characterize 

the material reaponae. 

Hot forging of cermet ma iterial* to both denaify and ahape haa baen 



successfully applied. Uranium dioxide-molybdenum and friction materials 
in which ceramics are dispersed in metallic matrices are two examples. 
Hot forging has been used to improve the density of fused silica. No 
evidence exists of hot forging being successfully applied to pure crystal¬ 
line oxide ceramics. The response of either precompacted ceramics or 
powders to the relatively rapid application of pressure in forging appears 
to make this hot forming method impractical for this class of materials. 
The ductility imparted by a metallic or glassy matrix is necessary. 
lack of availability of impact resistant platens and hammers for high 
temperature use would certainly make this area difficult to pursue. 

Hot coining has been used extensively in the metal working field 
to impose a change in configuration on a preshaped blank. It has pos¬ 
sibilities in ceraznics for densification, changing shape, and embossing. 

The application of hot swaging to unrestrained ceramics for densifi¬ 
cation is similar to hot forging and does not appear to have been tried. 
Metallic clad uranium dioxide has been hot swaged to densities above 
95 percent of theoretical in forming nuclear fuel elements. However, 
less expensive and more reliable methods of achieving a high density 
have discouraged extensive investigation in this area. One investigation 
in hot swaging clad barlim tltanate resulted in a dense but cracked 
ceramic on stripping the metallic cladding. The compaction of electrical 
insulation by swaging is of course a well established technique. 

Methods of hot forming Itw waving high rates of pressure application 
have been studied. Cold forming of ceramics and cermets have been attempted 
by explosive methods. Ihe experience to date has shown some promise when 
the material contains a ductile matrix. This method has not been tried 
on preheated ceramics or cermets. Pressure application in the millisecond 
instead of the microsecond range encountered in explosive forming has 
been achieved by use of gas accelerated plungers. This method has been 
tried to both densify and to extrude uranium dioxide and a few selected 
cermets for nuclear applications. compacted by this method at 1100 C 
is reported to give large grains. No evidence of forming a structural 
ceramic by this method has been reported. 

Summary of Hot Forming Methods 

Hot forming ceramics by uniaxial or isostatic hot pressing is presently 
being quite actively pursued. The full potential of either method has 
not been exploited due to lack of studies in process control and the 
inability to characterize the response of materials to the simultaneous 
application of pressure and heat. The materials subjected to hot forming 
are often Judged by one physical property because of specific technological 
interest. More detailed study of all properties are needed to adequately 
assess the forming method. 

Improved die design is essential in both hot extrusion and 



hot pressing. Production studies on equipment design by competent design 
engineers should assist in producing a continuous hot pressing scheme 
on an economical basis. 

%e kinetics of densification under simultaneous pressure and heat 
appears to be the important parameter in limiting the application of hot 
extrusion, hot rolling, hot svaging, hot forging, and hot coining to 
structural ceramics that do not contain a metallic or glassy phswe. 
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D. MELT FORMING PROCESSES 

by Alfred R. Cooper 

Those processes in which at some stage, typically prior to the forming 
operation, the material is in a totally molten or nearly molten state 
are classified under melt forming. In Table I is shown an outline of 
the types of melt forming processes used in ceramics along with an indica¬ 
tion of the types of materials and shapes that are produced. Each cexpo¬ 
sition will exhibit its own characteristic behavior during processing. 
Because of the variety of processes, important material variables, and 
the rapid advances in the state of the art, it appears an overwhelmingly 
difficult task to hope to characterize definitively the limitations of 
all these processes for all materials and for all time. Instead the 
effort will be made in this section to suggest the types of limitations, 
the special features, the degree of understanding that seem desirable 
for fuller understanding of various melt forming processes. 

Melt forming processes are divided into four major groups as indi¬ 
cated by the underlined headings in Table I. In general melting ceramic 
oxides prior to forming provides the opportunity to use a feed that is 
usually homogeneous and virtually without pores. It provides opportunity 
to obtain microstructures that are not achievable by any other processes. 
It typically allows fabrication to sizes and shapes that are only slightly 
modiried by the shrinkage of the piece after forming. It presents an 
easy opportunity to achieve a wide degree of control of the atmosphere 
that is in contact with the material at high temperatures. Melting can 
often be used as a purification process. Finally non-equilibrium or 
high temperature phases with specially desirable properties can often 
be obtained only by crystallization from a melt. 

Not only are there inherent advantages associated with melt forming, 
but clearly there exist serious disadvantages, sane related to the fact 
that higher temperatures are required than in any other ceramic processing 
scheme, and others associated with the phase change from liquid to solid 
and the accompanying significant reduction in volume and the potential 
large change in gas solubility. Also, crystallization from a melt can 
result in segregations that negate the advantages of the original homo¬ 
geneity. 



TABLE I. Melt Forming Processes 

1. Glass Forming Processes 

A. One Dimensional Objects 
(1) solid fiber 

a. melt dratra fiber 
b. melt blown fiber 
c. made initially as marbles, remelted, and drawn as fiber 

(2) solid rod 
a. gravity feed (Velio) 
b. extrusion feed (Danner) 
c. ug> draw process 
d. down draw process 
e. hand draw 

(3) hollow fiber 
(k) hollow rod (tubing) 

same processes as rod 

B. Two Dimensional Objects 
(l) sheet (three Process) 
(2) plate 

a. continuously rolled followed by grinding and polishing 
b. pot melted and poured 

(3) film 

C. Three Dimensional Objects 
*l) press 
2) blew and blow 
3) press and blow 
4) casting (including centrifugal and injection) 

D. Coatings 
(1) flame spraying 
(2) room temperature coating with powder and melting (enameling) 

2. Crystallization of Articles Originally Formed as (Hasses 

A. Nucleated by radiation 
B. Nucleated by catalyst 
C. Self-nucleated 



TABLE I. (continued) 

3. Forming from Melts of Non-Glassy Ceramics In Bulk (Fusion Casting) 

A. Cooling In Place (in furnace) Si) to produce blocks for cutting to shape 
2) to produce grain (refractory or abrasive ) 
3) to produce single crystals 

B. Pouring and Cooling in Molds Îl) graphite compositions 
2) refractory grain 
3) steel 
0 water cooled copper 

C. Continuous Casting 

D. Single Crystal Growing Si) vertical pull (Czochralski) 
2) temperature gradient (Bridgman/Stockbarger) 
3) floating zone (Pfann) 
k) flux-grown 

4. Forming from Individually Melted Particles 

A. Melt Sprayed Coatings 
B. Free Standing Shapes Formed by Malt-spraylng 
C. Single Crystal Growing 

(1) flame fusion (Vemueil) 
(2) F fusion 

l 
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1. Glati Pormlng Proceiiei 

Gian forming technology takes advantage of vlscoui deformations, 
a stable oK>de of shaping, Involving a logarithmic Increase in viscosity 

sltlon over many orders of magnitude (10^ to 10^ poise) of viscosity 
with decrease in temperatures to occur In a relatively short time Interval 
during cooling to rigidity. The merits of the glass forming process 
lie In Its vide flexibility to produce an extreme variety of shapes and 
sices efficiently. Glass Is virtually the most homogeneous of ceramics 
which among other advantages permits the polishing of surfaces to extreme 
smoothness (75 Angstrom units). 

The ability to form a glass depends on the relative sluggishness of 
crystal nucléation and growth In super-cooled viscous liquids. It will 
depend therefore on the cooling rate achieved during processing. Thus, 
Ifttge articles will be more difficult to obtain as glasses and the compo¬ 
sitions that can be utilised for glass forming will depend on the shapes 
and sises of objects to be formed, and the method used for cooling. A 
rough Indication of the viscosities of liquids that are suitable for glass 
formlu¿ under usual mass production conditions appears in Table II. 

TABLE II. Minimum Viscosity at Liquidus Temperatures 

spinning 2,000 poise 

pressing 3,000 

bloving 2,000 

tube drawing 100,000 

sheet drawing 100,000 

sheet rolling 100,000 

Those forming processes which cool the glass rapidly by having It 
contact metal mold surfaces with high surface heat transfer coefficients 
can tolerate such lower viscosities at the liquidus temperature than 
processes which inherently cool the glass more slowly because of the 
low surface heat transfer coefficients that occur at gas—glass Inter¬ 
faces. Not evident in Table II Is the fact that surface area to voIum 
ratio will also govern the cooling rate. Thus glass fibers can be drawn 
from relatively fluid liquids, while larger objects of the same co^sltlon 
will tend to crystallise. 



Inherent Site Lialtetlonj. -The fundoiental queetlon a. to hw 
Urge ä «o'^Ilthî^ piece can be made from glaaa relate, to this aame 
heat tranafer behavior. To produce a glaaa It la nece.aary to be *ble 
to cool the piece .efficiently rapidly to prevent the interior from remain¬ 
ing at cry.tallitation temperature, for a period prolonged enough for 
devitrification to progreaa inward from ita origin on the aurfaca. Aa 
£ ofiet «ÏL*.r of . .Ub 1. proportional to It. thick«., and 
the quantity of heat contained in the alab la alao proportional to thick 
Mi.rrte rate of cooling of the interior ia inver.ely proportional to 
the square of the thickneae. Becauae of the inherent alowneae of homo- 
geneôuâ*nucléation, extremely low rate, of cooling -ay be tolerable 
In fact in certain glaaa ayatems there may be only little overlap of t 
temperature regiona where cryetal nucléation and cryatal growth occur 
atfinite ratea. Depending on ita nucléation and growth ra^ea, each 
glaaa compoeition ehould have aome limiting site to which it can be produced 
îithout devitrification. Little effort has been made to determine these 
limits but indications are that a thickness of 6" would be safely below 

the limit for moat commercial glasses. 

Limitations on Glass Utility. — The utility of glasses ia limited 

not by the forminTp^»» but by thelr behAving ft# viscously de¬ 
forming liquid, when heated to relatively low temperatures, and their 
(2) susceptibility to brittle fracture at lower temperatures. Since 
glasses invariably fail from tenaional stresses at the surface, it is 
logical to attempt to improve their serviceability and strength by intro¬ 
ducing internal stresses that will result in compression on the surface. 
This can be achieved in several ways aa indicated in Table III. 

The first process in Table III is most favorable for relatively thick 
eroaa .actions of .imple ahape while the latter three processes can be 
applied even to thin sections of more complicated shapes. 

Process 1 can be expected to increase the long-term strength of 
glass by a factor of four or more. Process 2 has reportedly achieved 
fifteen fold strength enhancements of standard abraded surfaces, but such 
techniques are mainly in the development stage and presently limited to 
a few compositions. Process 3 is equivalent to the application of a 
comprea.ive glaae. Procea. 4, because it. .tree, development doe. not 
depend on cooling, has possibly the widest potential. Unfortunately 
it ia the least developed of the surface strengthening procedures. 

Dimensions. —Aa mentioned earlier and indicated by Table I, there 
are a wide variety of ways of viscously deforming glasses to desired 
shapes and sises at very rapid rates. In fact one of the fundamental 
advantages of glass as a material is the flexibility and speed of the 
glass-making process. There are however limitations la the sise ann shape 
Chat are attained by the equipment presently available aa ^ 
Table IV. While these limitations should not be considered fundamental 
thev do represent what has been achieved an therefore represent an 



indication of the present limitations. As long as thirty years ago 
techniques for casting glass up to 200" were developed. The limitation 
vas not the forming step but the annealing time, which required six months. 

TABLE III, Methods for Inducing Compressive Stresses on Glass Surfaces 

1. Cooling rapidly through the annealing range so as to have a "no stress" 
condition with a severe temperature differential between surface and 
center. When the glass cools completely to a uniform temperature, 
a continuous pattern of internal stresses develops from the unequal 
cooling with maximum compression on surface and maximum tension li. 
center. Ebis is called tempering. 

2. Changing the structure or compositions of the surface region at elevated 
températures to have a lover coefficient of expansion than the bulk. 
On cooling compressive stresses will develop on the surface. Since 
the region treated is typically very thin, the compressive stresses 
are confined to an equivalently narrow region, and the interior 
tensions are of much lover absolute magnitude than the surface compression 

3* Cladding the bulk glass at elevated temperature with a glass of lower 
thermal expansion. 

4. It hew been proposed that diffusing large ions into the glass at the 
surface and thereby tending to expand the surface vill result in the 
development of compressive stresses. Since this would be the only 
process that would not depend on subsequent cooling for stress de¬ 
velopment it would be the only process that would be of value for 
a low-expansion material like fused silica. 



TABLE IV. Typical Diawnaiona for Articlaa Made by Glaaa Forming 

One dimenaional eoiid 

♦fiber 
♦extruded rod 
caat rod 

One diaenaional hollow 

♦fiber 
♦atandard tubing 
♦atandard tubing 
hollow cylinder 
wall thlckneaa 

0.00012 40.00002" ain. diameter 
2.0 40.10" max. diameter 
4.0" (or greater) diameter, limited length 

min. outside diameter unknown 
0.120 40.016" min. outaide diameter 
7.0 40.150" max. outaide diameter 
14.0" (or greater) max. outaide diameter 
typical for 4" outaide diameter tube 
0.093 to 0.500" 

♦♦Two dimensional 

continuous ribbon 
continuous ribbon 
drawn sheet 
plate glaaa 
rolled glass 

Three diaenaional 

oil to 1.5" wide, 0.0014" min. thickness 
up t:o 14" wide, 0.002 to 0.024" thickness 
up to 120" wide, 0.040" to 0.400" thickness 
up to 158" wide, 0.106 to 1.25" thickness 
thickness up to 3" 

ill three dimensional articles fashioned from tubing 

pressed ware 

blown ware 

spun ware 

30" diameter, 18" height approximate 
wide variety of single tapered shapes and slaes 
no shape limitation. 18" outside diameter; 
30" length maxima 
limited to axially symmetrical shapes. 
14" outside diameter; 36" length 

♦continuously drawn products; lengths depend only on convenience of 
cutting and/or winding 

♦♦all two dimensional products except rolled glass are made continuously 
so thickness depends on convenience of cutting. Thickness variations 
of 10X are typical. 



2. Crystallization of Articles Originally Made as Glasses 

Although the idea of utilizing the ease of the glass making process 
to form shapes and later on transforming them to different structures 
by heat treatment is relatively old, it is only very recently that this 
principle has been exploited in modern technology. Probably the first 
major example is the liquid-liquid separation that can be obtained by 
heat treatment of certain borosilicate glasses leading to two continuous 
phases. One of the phases being soluble, it can be eliminated by leaching. 
The remaining porous structure is readily sintered to form a non-porous 
glass. This technique has technological importance in that it allows 
relatively high temperature glass (96# silica) to be formed using ordinary 
glass making procedures. 

Subsequent to this development there have been devised processes in 
which articles originally formed by glass-making have been crystallized 
either completely or locally and a new class of polycrystalline ceramic 
materials that hrve unique structures and properties have resulted. 

An advantage of this process is that it utilizes the flexibility 
and speed of ordinary glass making to form the shapes. It therefore 
possesses the inherent merits of forming by viscous deformation. In 
addition the types of crystal structure and microstructure that can be 
achieved in crystallized glass go beyond those that are obtained by con¬ 
ventional ceramic processes. This is because the immobility of very 
viscous liquids allows nucléation and crystal growth to be separate 
processes. By controlling the temperatures and the sites for nucléation 
it is possible to nucleate different crystals. By controlling the time 
of nucléation it is possible to have the desired density of nuclei and 
thus determine the eventual crystal size. By controlling the time and 
temperature of crystal growth it is possible to obtain the degree of 
crystallization desired. This separation of nucléation and growth allows 
a wide variety of microstructures to be obtained. Particularly important 
is the opportunity to develop very fine structures with grain size as 
small as 200 Angstrom units. This results in transparent polycrystalline 
ceramics. 

The homogeneity of the original glass material results in the develop¬ 
ment of polycrystalline structures that are extremely uniform from one 
local region to another. The process is controlled well enough to obtain 
reproducible microstructures. Typically, crystallized glass structures 
have zero porosity because the uniform crystallization and the remaining 
glass allow the structure to shrink during crystallization to compensate 
for any changes in volume that may occur on solidification. 

Certain crystals that can be developed by crystallization from glass 
are difficult if not impossible to obtain by other ceramic processes. 
Some allow extremely low thermal expansion ceramics to be achieved. The 
fine microstructure is important for low expansion bodies because it 



tolerates the anisotropic thermal expansion typical of low expansion 
crystals. These low expansion bodies are extremely resistant to thermal 
shock. Finally, the ««*11 uniform grain size allows the developnent 
of polycrystalline structures whose strengths are relatively insensitive 
to surface damage, giving glass-ceramics significantly higher engineering 
strength than the glasses from which t^ey were formed. 

Tbs presently available glass-ceramics are limited by the temperatures 
to which they can be utilized. The present maximum melting temperature 
ia of the order of 1250°C and the recommended long-term use temperature 
has a ««tHi««> of 730¾. At the present the available compositions have 
involved tbs use of nucleating agents to develop the structures, and there¬ 
fore the resulting composition has certain Impurities from these nucleating 

agents. 

In terms of their microstructures glass-ceramics have fairly wide 
flexibility. Single phase compositions have been produced, and compo¬ 
sitions with as many as three or four different phases have been obtained 
The amount of glass remining in the structure can be varied over wide 
limits, typically there la only one continuous phase. Became of tha 
homogeneous nature of the original glass and the randomness of nucléation 
and growth, the crystals are entirely unorionted in the body. Grain 
sizes can be varied from aa ^ ow as 200 Angstrom units to 10 - 20 micron, 
but generally the sizes ere of the order of 1 micron. Porosities are 
usually vanishingly small. 

Tbs sizes and shapes that can be obtained in glass-oeramios are vary 
nearly tha same as those obtained by ordinary glass making procedures, 
Tfrfrlt IV. However, it must be recognized that the typical glass-ceramic 
compositions have greater tendency to crystallize than usual coanercial 
glass and therefore if one wishes to control oo^letely the crystallization 
process he cannot tolerate crystal nucléation or growth during the original 
forming process. This restriction undoubtedly limits the waytima size of 
the smaller dimension of certain glass ceramic compositions. 

It is not known whether glass-ceramics have been produced from all 
shapes that are «ade as glass. For example, no indication of glass- 
ceramics in the form of fine fibers is presently available. 

It is possible to utilize the principles of glass-ceramics in typical 
enamel coating procedures. Metals can be coated with glass by traditional 
methods and subsequently the coating can be converted by beat treatment 
into a polycrystalline cewmic that msy have more deeireble propertiae 
then the original glass. This procedure has also been used in the develop- 
«nt of graded glass to metal seals whsre the thermal expansion is contin¬ 
uously varied by adjusting the degree of crystallization of a glass ceramic. 
Protective ceramic coatings on molybdemsn metal that are said to be 
Impervious to temperatures of 1300¾ have been achieved in a similar 



Sone of the proceesee described in Table III for inducing conprasslon 
on the surface of glass can be utilized in glass-ceramics. Increases in 
strength from 20,000 pel to 35,000 psl, have been achieved in this way. 

Localized crystallisation of glass has been used as a process for 
chesiically machining glass. In this procedure glass-ceramics containing 
traces of silver silicate are Irradiated in local regions so as to favor 
nucléation of colloidal silver in that area. The resulting silver particles 
serve as nuclei for crystal growth when the material la heat treated at 
the growth temperature. If proper selection of crystal phase is made, 
the crystals can be dissolved or leached out by an acid that only slightly 
affects the surrounding glass. After the holes or other depressions are 
produced in this way, the remaining glass is totally radiated, nucleating 
colloidal silver throughout. A final crystal growth heat treatment con- b verts it into a glass-ceramic. By this procedure holes of as low as 
3 mils diameter can be obtained with a tolerance of +1/2 mil. The geom¬ 
etry of the holes that are produced in this way can be either cylindrical 
or conical and perhaps even hemispherical. 

While it has been reported that thousands of compositions have been 
demonstrated to produce glass-ceramics, there are only relatively few 
currently available. Extensive research promises to broaden the range 
of compositions and unique properties available by this process. 

3. Melting and Solidification of Non-Glassy Ceramics in Bulk (Fusion 
Casting) 

Fusion casting of ceramics currently has been confined to three 
areas, (1) production of relatively large refractory shapes for use in 
glass malting and steel making furnaces or for surfaces where unusually 
high abrasion resistance is required, (2) the production of small, hlgh- 
purlty, high-density shapes for nuclear reactor application, and (3) 
production of refractory, abrasive, and special purpose grain. While 
the nature of these processes is fundamentally the same, the size and 
the overall objectives differ drastically. 

Fusion casting allows the achievement of localized regions of very 
high density (of the order less than 2TL volume porosity) in extremely 
refractory materials. It is a process particularly suitable for the 
most refractory ceramics. The structure that develops on solidification 
frequently results in interlocking grains. These two characteristics 
produce a microstructure that is highly resistant to corrosion and 
erosion. It is possible to obtain extremely high purity in fusion cast 
materials, although often this possibility is not important. It is 
possible to utilize various atmospheres above the liquid during melting 
and in this way the stoichiometry and state cf oxidation can be controlled. 
For extremely refractory, high-cost material it is possible to produce 
shapes of high strength and low porosity by fusion casting at lower 
cost than by the traditional ceramic processing. Uranium nitride and 



uranium carbide are examples of materials to which this rule applies. 
Extremely large shapes are routinely produced by fusion cwting and the 
technology has developed so that shapes other than bricks, blocks or 
slabs can be produced. For example, large bowls and channels of varioua 
shapes are made for the furnaces of the glass industry by fusion casting. 

An important advantage of fusion casting has been the opportunity 
to produce special crystalline ceramics such as beta 
sodium alumínate. This crystal is much more resistant to alkali atmospheres 
than is pure alumina itself. It would seem therefore that as a general 
principle it should be possible to produce by fusion casting ceramics 
that are specifically resistant to certain environments. 

In spite of many advantages, fusion casting has inherent disadvantages 
which must be appraised with candor. Because of the brittle nature of 
ceramics and their characteristic thermal conductivity, there is minimum 
control over the grain structure and grain size that are attained from 
fusion cast bodies. In multiphase fusion cast bodies there is 
a tendency for either direct or inverse segregation to occur. Thus both 
the composition and the microstructure of fusion cast bodies may vary 
significantly from the surface to the interior. The as 
produced by fusion casting usually have a waviness typical of the process. 
Casting void defects are also typical. 

Methods of Fusion of Ceramics.—Melting of large quantities of ceramic 
materials and cooling in a controlled manner without pouring is an important 
process for the production of ceramic grains. Shapes may be cut from 
these ingots, but more likely they are carefully crushed to produce ceramic 
grain of controlled particle size and shape for subsequsnt processing. 
Much refractory and abrasive grain is produced in this way, as is the 
insulation for swaged electrical resistance heating elements. 

If instead of cooling in place the melt is poured fjitojnolds, usually ( 
graphite or bonded refractory grain, the process is termed fusion casting. 
While this is characteristically a periodic process, it bas been found 
possible to continuously fusion cast both uranium compounds and ceramic 

oxides on a small scale. 

Heating of ceramic materials on large scale for fusion casting has 
been done by insnersiug electrodes in the melt and more recently by the 
so-called "long arc" process in which the melt is used as one electrode 
and a relatively long arc is struck between it and graphite electrodes, 
îhis long-arc process allows for control of atmosphere that is Impossible 
when the electrodes are ianersed. It is also possible to use a disposable 
electrode that reacts with the atmosphere and in this way a very high 
purity melt can be obtained. Induction heating and electron beam heating 

are also potential methods. 

The usual way of melting ceramic materials is in a shell of unmslt^d 



grain of the sane composition vhich results in a non-homogeneous 
f^re distrihution throughout the melt with the centerbel^ho^r ^ 
the edges being cooler. This temperature inhcooeseneity tc 
unavoidable. However in the long-arc process considerable stirring occ 
which should minimite teaiperature variation. 

It is reported that thousands of ceramic oojpositions *?* ** 
successfully fusion cast. However, at the moment 
are available conrnsrcially. This is probably because these compositions 
have been determined to have optimum properties for specificuses in 
furnaces for the process industries like steel and glass. 
compositions presently available are magnesia, 1^aia spine!, magnesia 
chrome zirconia-alumina-silica, alumina-silica, oeta alumina, .. .. 
ofSpha and beta alumina, chrome-alumina, 
Thereseems to be no reason why any oxide that melts at a relatively 
vapor pressure could not be produced by fusion casting. 

Typically the fusion cast refractory oxides have porosities of 
order of 15 volume #. Most of this porosity is associated with a casting 

.. . th^t 4 « ordinarily in the upper interior of the piece. At 
TO1 tto ârtïSTwlî ti» poro. H y 1. UBUâlly 1«. than 
rÄ “ STin th. case of carbide. It can he significantly 1... than 

1*. 

The pipe or void in fusion casting can be located with some <*e6«e 
of certainty by the positioning ^,th'l«t^a- 
and in this way objects can be produced with the void in tne ieas^ vux 
Arable area. If it is necessary to have fusion cast nieces without voi^ 
•it 1« nossible to cast in a way that the void is all confined 
Then by°cutting off the "riser" a sound casting is obtained. It iB so 
possible to more or less distribua the shrinkage Jr«a^d^atlon 
throughout the piece and thus avoid the presence of a large void. 

The microstructure obtained in fusion cast 
the chemical and physical properties of the material. C^racte^1f 
a^eM^hîy ?ine grain size is obtained right at the surface of a f^iui 
cast block where the melt has been rapidly quenched by contact with the Zl t eonfi4 single ph«. 1-Wr^.ott« 

crystal growthS the direction of the center, 
crystal size may be noticeably smaller as crystal growth 
pSîelan dejÓSe the liquid of the components 
V.V, cir-in .ise in fusion cast ceramics will dapend on the size or 
STw^Whe cast (iMMUlng »1th Increasing block dlnenalona) and 
£ tftbatót. They can b. a. large a* a cantl-ter or t«. 

i M 30 micron.. In certain cimposition, there Is 
rÄTo“Ä“« Í«“ to center that aay only vary by 



**.***. 

a factor of two. In other compositions and sizes a tenfold increase in 
grain size may occur from surface to center of the casting. 

The more rapidly the block is cooled the greater the possibility of 
developing small size grains. However the rate of cooling is generally 
kept very slow in order to prevent thermal fracture during the cooling 
process. Hence it is usually only the very exterior which can be quenched. 
It must be concluded that in the present technology grain size is only 
moderately adjustable by varying the casting technique. In large shapes 
particularly, the grain size is mostly determined by the composition 
and the size of the casting. 

Fusion cast oxide blocks typically contain from 0.5 to IT volume # 
glassy phase. While this may be due to silica impurities or silica intro¬ 
duced to gain the proper compositions, the presence of a viscous liquid 
allows adjustments during solidification and during the early stages of 
cooling that diminish thermal stresses which tend to develop. 

Data on dimensions, detailed descriptions of specifications, tolerances 
squareness, and maximum sizes of various shapes are available from manu¬ 
facturers. They are too specific and too extensive to list here. In 
the following only a few possibilities are mentioned. 

Fusion cast blocks are currently cast in sizes eus large as 18" x 
30" x 48" with a weight of 3400 pounds from zirconia-edumina-silica 
and other compositions. In magnesia-chrome the maximum size presently 
made is 6" x l8" x 7"* It is probably true that the presence of some 
glassy phase in the zirconia-alumina-silica composition allows it to be 
produced with a leurger minimum dimension in reasonable cooling time. 
The surfaces of such blocks are typically rather rough and frequently 
hairline cracks from cooling are present. It is possible however to sur¬ 
face grind these shapes to relatively accurate dimensions and plane 
parallel surfaces. 

The maximum size piece that can be obtained that is virtually free 
from porosity is about 8 cubic feet or essentially half the maxirntm size 
with voids. Plates 2" - 4" thick x 6" wide and 6' long are probably 
feasible to make in a virtually pore-free condition. Because of billing 
difficulties the minimum thickness typically made from fusion cast oxides 
is 1", but much smaller sizes are routinely cast with uranium carbide. 
Uranium carbide cylindrical bars of l/2" to 3/4" diameter, 6" - 12" 
long are cast with a diameter tolerance of +0.004". 

Coating with molten ceramics has been proposed. Drain or slush 
casting has been achieved with molten ceramics in which steel cylinders 
have been clad on the Inside surface by pouring In and then pouring out 
the mr' !»n ceramics. Ibis suggests that it might be possible to obtain 
imptniable coatings for cladding of refractory metals by this process, 
or by dipping, or any other procedure in which molten ceramic was brought 
in contact with the cool metal surface. 



melts. - -Unfortunately it was only 
«.x!,,8?1 ? laíe. the study that such single crystals might be useful 

^ no information regarding the melt processes for 
making s.ng^e crystals has been obtained. Some references cited in the 
bibliography Fllf will convey the present state of the art. Single 

spraying is discussed briefly in the last para¬ 
graph of this chapter. 

4. Melting Particles Individually 

Melt sprayin« of ceramics has been successfully utilized in two 
primary areas: (1) the production of high temperature coatings of high 
abrasion and corrosion resistance, (2) the production of frefstandiL 

UflUally4.1ímited t0 "ii* 8x141 symmetry. In the following 
there is presented a sunraary of the present state of the art followed by 
a discussion of seme of the limitations. Ihere is wide research and 

ve opment interest in melt sprayed ceramics plus a developing industrial 
and ccomercial use. In the area of coatings alone one firm has three 
plants that are involved entirely with the application of coatings by 
melt spraying to a wide variety of shapes and materials. One list of 
commercial applications includes twenty-one items utilizing the features 
of wear resistance, thermal or electrical insulation, corrosion protection, 
or as a base for impregnation by resins. «uccwon, 

In Table V is indicated the tolerances and maximum densities that 
are possible with flame and detonation spraying both for coatings and 

bodle8* In ««ñera1 it is seen that while coating thickness 
is limited there is no limitation to the size of objects that can be 

il 18 '"«Uy Possible to coat by flame or plasma spraying 
in a discontinuous manner. While shapes of almost any configuration 
can be coated (corners and edges being especially troublesome), at present 
the free standing forms are limited primarily to such hollow axially 
synmetrical shapes as radomes, nozzles, crucibles, and tubes, or in gen¬ 
eral shapes with not more than one reentrant angle. If the substrate 
can he destroyed, greater flexibility can be achieved. The production 
of flat slabs is usually difficult because of warping. However zirconia 
discs for fuel cells of nearly perfect flatness were produced by melt 
spraying on sodium chloride and sintering the discs under weights to 
prevent warpage. Also 2" diameter alumina discs have been produced by 
spraying on an aluminum metal substrate, releasing by differential con¬ 
traction, and sintering to cone 35 (l785°C). It is reported that discs 

+ 8lntered distortion and were diamond 
ground to O.OI5 thick, flat and parallel both sides to +O.OOO5". 

It is possible by flame spraying to coat wire of as m*n as O.OOV' 
diameter and practical and convenient to coat wires of 0.030" diameter. 

Ihere is no question that melt sprayed coatings of parts that are 
especially subject to wear or abrasion can greatly increase the lifetime 



HI 

of the part. Objects as diverse as golf dub irons, carving knives, 
plungers for glass pressing and wear surfaces on Jet engine blades are 
sprayed for this purpose. 

For a-HaHy symmetrical free standing shapes melt spraying has im¬ 
portant advantages and convenience. Some of the relatively thin vailed 
shapes easily attained with melt spraying cannot be produced by other 
ceramic processes. Large size free standing shapes are also reportedly 
easy to produce. Shrinkages on subsequent firing are lower than in tra 
ditional ceramics and the control of inside dimensions ia most easily 
attained in melt spraying. 

For very short runs or for the preparation of polycrystalline samples 
for experiments with refractory materials melt spraying seems to have 

special merit. 

A wide variety of oxides have been successfully flame sprayed, in¬ 
cluding such materials as alumina, zirconia, chromia, zircon, zirconates, 
spinels, yttria, and ceria. The higher energy input and inert atmosphere 
capability of plasma permits spraying of an additional groiq? of materxa^s 
such as borides, carbides, and in fact all ceramics that do not have a 
high vapor pressure at their melting point. Some refractory materials 
such as beryLi-ia, still present a serious problem of attaining satisfactory 
adherence. Empirical tabulations of the ease of flame spraying of various 
ceramics have been assembled. Such properties as heats of fusion, specific 
heat, thermal conductivity, and emissivity, are the material properties 
that influence the ease of flame spraying. Predictions of success with 
flame sprayed coatings cannot, however, be made by considering tness 

properties alone. 

In terms of purity, flame and plasma sprryed coatings are extremely 
useful, impurities introduced by spraying being assured to be as low 
as 3 - 5 parts per million. In most instance it is possible to maintain 
stoichiometry during spraying but certain carbides require a sensitive 
control of atmosphere. This has been achieved with at least one coating 
technique. Also the high temperature oxides show some tendency to break 
down, but this effect is less serious. 

In terms of structure melt sprayed coatings often contain but a 
single phase in addition to the pore phase. This phase may not be the 
equilibrium or most dense phase, for example in the case of alumina, the 
flame sprayed material is ganma or eta, rather than alpha alumina. In 
some instances, for example in flame spraying of zircon, there is a natural 
breakdown into two solid phases, zirconia and a zirconia rich silica * 
¿Lass. Usually there is not an opportunity for reaction between powders 
in melt spraying. Thus in the melt spraying of mixtures of alumina and 
chromia powders there is no evidence of solid solution in melt sprayed 
deposits, although a complete range of solid solubility exists. If 
necessary oae can produce more complicated phase distributions, for 
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example, mixing of nickel and alumina powders or clading alumina powders 
with nickel metal permits the production of flame sprayed nickel-alumina 
cermeto. A similar procedure is the flame spray of mixtures of pyrex 
glass and zirconia to give a two-phase system. 

Flame sprayed materials have grains that are usually flattened in 
the direction of flame spraying. The degree of flattening depends on the 
velocity and the superheating of the sprayed droplets, detonation spraying 
perhaps giving the greatest degree of ''squash/' %e grain size is deter¬ 
mined in powder spraying almost entirely by the grain size of the Inccaning 
powder. Powders that are less than 5 microns are difficult to feed to 
flame spray or plasma spray guns. This factor limits the minimum grain 
size that is easily obtainable. Submicron powders have been fed into 
the detonation gun by utilization of special powder dispensing techniques. 
Also 0.1 to 0.01 micron spheres have been produced by decomposing organo- 
metallic liquids in the oxy-hydrogen but this appears to have been 

a vapor process. 

A serious limitation of the applicability of flame sprayed coatings 
is the presence of continuous pores in the as-sprayed state. Atypical 
porosities of flame sprayed ceramics run from 3 to 15/® with the difference 
depending on operating variables and upon the particle size of the feed 
powder. While most of the pores seem to be continuous or open, there 
is some evidence of a minor amount of closed pores existing in flame 
sprayed deposits. Attempts to attain impermeable coatings have been 
successful with lower melting materials like barium ti tanate, and special 
compositions that are impermeable are said to have been developed for 
coating molybdenum. 

The factors that favor the development of impermeable coatings seem 
to be: (l) low melting temperature powder, (2) high substrate temperature, 
(3) uniform particle size, (4) fine particle size, and (5) uniform heating 
of every particle. Even when impermeable coatings are obtained their 
utility is still questionable. The brittle character of ceramics makes 
them susceptible to fracture from impact or heat shock. Microcracks 
can spoil the impermeability. Also when complex shapes need to be coated 
the corners edges seriously compound the difficulty of attaining 
truly impermeable coatings by melt spraying. As-sprayed permeability 
is not as serious a handicap to free standing shapes because they can 
be sintered to an impermeable condition after spraying. 

While it is usually Impossible to beat melt sprayed coatings hot 
enough to sinter the coating to eliminate gas permeability, a nearly 
equivalent procedure is to subsequently Impregnate the coating with 
glass after spraying. A recent development allows the glass to be sprayed 
concurrently with the ceramic particles. While this does not result 
directly in an impervious coating, sintering of the glass when the material 
is heated to operating temperatures causes the coating to become imper¬ 
vious by the tiam the surface protection is required. 



When the feed material is introduced in the form of a sintered rod 
rather than as individual povders, the particle size distribution is 
determined by the turbulence in the plasma or flame. To date a technique 
of obtaining finer particle size than 10-15 microns from rod spraying 
has not been achieved. Rod spraying is said to have an advantage of allow¬ 
ing the residence time for each droplet to be greater and perhaps more 
nearly uniform than can be achieved in powder spraying. 

Mïlt sprayed ceramics have been applied to a variety of materials 
including metals (with melting points equal to or greater than aluminum), 
other ceramics, graphite, resins and such soluble materials as adkali 
chlorides. It has been shown that the primary bond to substrate in melt 
sprayed ceramics is largely mechanical. Topically it is adherence that 
limits the utility of the coating, therefore it is desirable to roughen 
or even undercut the substrate to gain good adherence. Values for ad¬ 
herence of alumina and zirconia coatings to roughened substrates in 
tensile testing have ranged from UOO to 1300 psi. An interesting tech¬ 
nique for achieving adherence is to melt spray a substrate with its own 
composition at low velocity and low superheat to form well bonded but 
only slightly "squashed" droplets on the surface. This reportedly pro¬ 
vides a surface equivalent to undercutting which gives higher measured 
values of adherence. 

For free standing shapes it is desirable to spray at temperatures 
as low as possible to minimize the possibility of adherence. Then it 
is necessary to use a high expansion metal that will shrink away from 
the coating. When it is necessary to spray free standing shapes at high 
temperature to achieve greater densities or strengths, there is a prob¬ 
lem of finding suitable parting agents. 

To date spraying has been done with either flame or plasma or acet¬ 
ylene/oxygen detonation as the source of the energy. Table VI shows 
some of the advantages and disadvantages of the alternate techniques. 
(Electron beam and radio frequency heating can also be utilized, but 
these are in the early stages of development and their specific advantages 
remain to be proved.) The feed is introduced as either rod or powder 
and comparisons are indicated in Table VII. 

Deposit efficiency for flame spraying (deposit weight/feed weight) 
varies between 15 and 95 depending primarily on the fraction of the 
spray that is intercepted by the work and also upon the velocity and 
degree of melting of the droplets. 

Flame spraying is a convenient way of making spherical particles. 
The minimum size is about 1 micron and the maximum size seems relatively 
unlimited, for example 500 microns. A difficulty with large spheres 
produced by flame spraying is that cooling from the outside results in 
an interior pore due to the volume change on solidification. 
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The manufacture of single crystals by spraying powders is a melt 
process. While such parts have been used for special optical and elec¬ 
tronic purposes, structural uses also exist for single crystals. Compared 
with their polycrystalline counterparts, single crystals possess the 
advantage of higher thermal conductivity, freedom from gas diffusion, 
and less sensitivity to attack because of the absence of grain boundaries. 
Properly mounted crystals will not develop the thermal stresses that 
can be present, even at uniform temperature, in usual polycrystalline 
bodies of anisotropic materials. 

Single crystals can be grown from all ceramics that (l) melt con- 
ntly, (2) have relatively low vapor pressure at melting point, and 

13J bave no crystallographic transformations between m.p. and room temp¬ 
erature. Single crystals can be grown under the tolerances and specifi¬ 
cations shown in Table VIII. Ability to control crystal orientation at 
will has been a limitation. 



TABLE V. Dimensiona and Tolerances of Melt Sprayed Coatings and Shapes 

Coatlrgs FiflinP Sprayed Detonation Sprayed 

thickness variation as sprayed 
maximum tapers as sprayed 
maximum thickness of coatings 
maximum thickness of continuous 
coatings 
open porosity 
finished thickness variation 

surface roughness as sprayed 
surface roughness, finished 

+0.002" 
+0.002" 
"O.05O to 0.375" 

0.002 to 0.004” 
3-15* 
std. grinding 
limits: +0.0001" 
200 microinches 
10 microinches 

+0.0001" 

0.020" 

0.0005" 

♦fixM-i'' 
Tspeclal gauge block) 
150 microinches 
1 microinch 

Free Standing Shapes 

thickness of axially systrleal 
bodies unlimited 
length or width, normal to 
spray direction unlimited 
linear shrinkage during sintering 
Inside oiameter variation 1" +0.0015" 

1- 2* +0.003" 
2- 3" +0.005" 

outside diameter variation 2x inside diameter 
variation 

open porosity after sintering practically zero 

not determined 

unlimited 

1. Relative values do not indicate superiority of one process over 

the other 

2. Deep cavities where depth is greater than diameter are difficult 
to spray if inside diameter is less than 3s 

3. Example of a flame sprayed free standing shape is alumina of 
12" diameter with +0.020" on both inside and outside dimensions. 



TABLE VI. Some Features of Different Types of Melt Spraying 

Flame Spraying 

Cheapest 

Easiest 

Portable 

Quickly set up 

Useful for free standing shapes and coatings 

Possible to coat inside diameters 

Particle velocity I5O-50O ft./sec. depending upon design of apparatus 

Arc Spraying 

Highest Temperatures 

Wider control of atmosphere for protections of grains and/or substrate 

Used for coatings and free standing shapes 

Any material with low enough vapor pressure can be plasma sprayed 

Possible to coat inside diameters 

Particle velocity approximately 1200 ft./sec. 

Detonation Spraying 

Oxy-acetylene explosions about 4-9 per second 

High velocities give best adherence and density 

Pulsed energy and particle impingnent reportedly gives least heating 
of substrate 

Mostly used for eutectic-liquid-carbide combinations, alvmina and 
alumina-chrooia mixtures 

i 

Only used for coating, extremely noisy, large stationary installations 

Particle velocity approximately 2500 ft./sec. 
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TABLE VII. Some Features of Powder and Rod Spraying 

Powder 

Doesn't require additional processing steps (but Is often prepared 
to close specifications) 

Allows more control of grain size 

Gives finer grain sizes 

Slower build up usually 

Cheaper for certain materials 

Can be used with plasma, flame or detonation 

More materials available 

Rod 

Larger particles 

Longer resident times In high temperature :one Is claimed 

Better adherence (in comparison with similarly heated powder) Is 
claimed 

Faster build up of thickness 

Not practical with detonation 

NOTE: Feed rods can be obtained as solid rods, fluted solid rods, and 
hollow rods. 
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TABLE vm. Preeent Single Orystel Dimensionei Limitations (Alumina) 

rods: 

máximum diameter 1 I/2" or larger 

minimum diameter unknown 

maximum length l8"* 

discs: 

maximum diameter 6" 

minimum thickness I/2" 

domes: 

maximum diameter 6" 

sheets:** 

maximtnn width 1 1/2" or wider 

maximum thickness uncertain 

minimum thickness l/k" 

maximum length 18"* 

^'‘thlftoiMon8 e“n)r mmCm beCiU'e r0d2 iOTmi 

^•Cftlled by crystal growers "boule sheet" 



E. MISCELLANEOUS FORMING METHODS 

by Donald J. Bowers 

Battelle temorial Institute 

In the following sections several less cannon, but highly useful 
and strategic forming techniques are discussed. Each is undergoing 
intensive research and development because it contributes certain struc¬ 
tures or permits flexibility in processing which can be realized by no 
other approach. The potential for these techniques is wide, but their 
usefulness has been limited by economic considerations in many cases. 
One limitation has been the low-volume demand for the products whose 
characteristics are uniquely set by the forming method—foamed ceramics, 
for instance. 

The processes considered can be further studied through the references 
cited in the Bibliography under the classifications indicated: 

. Forming from vapors--F25 
, Porous or foamed ceramics--FI6 
. Forming from fibers--F26 
. Bulk placement and molding--F2h, F2J, F2k, F3g, and F|5b 
. Impregnation and infiltration—HI6 
. Reaction sintering—F5g 
. High energy rate forming—F8 
. Electrophoretic forming—F27 and F7 
i. ifechining and grinding—all of 0 and specifically G4, 

GIT, G18, GI9 

1. Forming fron Vapors 

Unusual ceramics not obtainable by other forming techniques are 
being formed by chemical vapor deposition. Chemical vapor deposition 
is a technique which can be termed molecular forming; that is, the building 
up of coatings and massive deposits by deposition of molecular or atmoic 
particles. A solid product is f rmed when the reaction of a suitable 
vapor is made to occur on a heated surface. The reaction used is one 
in which all of the components of the system except the desired product 
and the substrate are volatile at the deposition temperature. The prod¬ 
uct is of theoretical density and, when the reaction takes place properly, 

is impervious. 

Chemical vapor deposition is acecinplished in equipment usually termed 
a reactor. In ite essentials, the equipment must include a retort in 
which to volatilize the feed material, a carrier gas to take a vapor 
to the working surface, a hot substrate on which to deposit the material 
of interest, and an exhaust. The equipment can be laboratory size or 



large enough to form structures suitable for missiles and rockets. 

The source materials from which the vapor deposited ceramics can 
be formed fall in three categories: inorganic halides, purely organic 
compounds such as methane (used commonly for the deposition of pyrolytic 
carbon), and the alkyl and carbonyl families of metal-organics. It is 
appropriate to point out that some of the carbonyls are toxic and should 
be used with extreme caution. All of the halides, which are common source 
materials for vapor deposition of ceramics, are sensitive to moisture 
and oxidation. The oxyhalides thus formed are stable and are difficult 
to volatilize. The metal-organic compounds oxidize readily even to the 
point of being explosive. 

A principle use for chemical vapor deposition for forming ceramics 
is for the production of high density, impervious coatings. Considerable 
effort has gone into the coating of nuclear fuel particles. Coatings 
of pyrolytic carbon, niobium carbide, silicon carbide, alumina, beryllia, 
zirconia, chromia, and mixed oxides have been made. 

Mixed feed vapors can be used to form intimate-mixture deposits. 
In systems which normally form solid solutions, solid solutions vill 
form by vapor deposition also. In two phase systems, microcrystalline 
products can be formed and crystal sizes kept small if the deposition 
is carried out at a sufficiently low temperature. Carbides are formed 
by the deposition of a metal on a carbon substrate with proper control 
of the temperature and pressure so that only the metal carbide is stable. 
The rate of carbide formation is controlled in such cases by the rate 
of diffusion of carbon from the substrate through the carbide coating, 
providing very uniform coatings. 

V 

The rate at which ceramics can be built up by chemical vapor depo¬ 
sition will vary, of course, depending upon the materia], and the require¬ 
ments of its structure. Build-up rates of about 20 mils per hour are 
possible. Since ceramics formed by this process must be formed on a 
heated substrate, the shape of the ceramic is determined by the substrate 
shape. Since the reacting gas surrounds the substrate, the surface on 
which the ceramic is deposited can be of any shape. Thus, the shape 
of the ceramic It«¿If can vary as desired. In ™drtng coatings, the 
gas flow must reach all surfaces as evenly as possible to provide uniform 
coatings. The gas flow can be controlled by baffles or Jet streams. 
If the ceramic desired is to be free standing, the material is deposited 
on molds or mandrels which are subsequently removed. 

The making of thick sections of either a coating or a free standing 
ceramic poses problems. Progress is being made in the production of 
thicker pieces, but thicknesses ranging from l/k inch to 2 inches, de¬ 
pending upon the material, still present considerable deposition dif¬ 
ficulties . 
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2. Yotamá C»r>alc» 

An Accepted method of producing very light weight cereaice ii to 
foam the etrücture, end e number of foaming technique# have b®*““**^ 
The technique# include chemical reaction-hydrolytic reaction, r#ac 
of acid or alkali with a metal additive, incorporating air by agitation, 

índ o^ reduction and ga. relea... Not ‘ ^l^h in- 
but a proc.ee ueed to prepare a eimilar poroue product ie one ^hich in 
volve, burning out organic additive.. Other technique, of producing a 
light weight material involve bloating the material being fired and 

•intering of the preformed bubble, or .phare.. 

All of the foaming technique, are characteri.ed by, at some point 
in the^forming proc..., the formation of a thin-walled porou. «tructur. 
which i. self-supporting and which is given it. .hap. becau.. it retain, 
a generated ga*. In .uch proc..... the rate of ga. evolution mu.t be 
closely controlled and mu.t occur during a period of the proc... in whic 
the structure can be stiffened to retain the outline of the foam after 

the ga. generation i. arrested. 

A detailed di.cu..ion of on. of the connon foaming proc..#.. will 
illustrate some of the factor. imporUnt in foaming. Thi. foaming tech 

nique involve, the use of re.in.. Three type, of «.in. are t0- 
eether—a phenol formaldehyde, an epoxide, and an isocyanate. The 
i#ocyanate re.in provide, the foaming action while the other two provide 
the necessary stiffness to the porou. ma... The foaming action result, 
fror, water in the phenol re.in reacting with the isocyanate re.in to 
produce carbon dioxide and some nitrogen. The reaction lnc«**** 
temperature of the mass, cau.ing the phenol and 
merise and set to a firm .tructure, trapping the ga. bubble.. 
particle. mix«l with the re.in. prior to the foaming action are dispersed 

by the foaming and are left on the wall, of the pores. 

In controlling the characteristic, of the foam, temperature i. vary 

important, a. i. the proportion of the re.in*. ^ " b 
proportion, the .trength, density, pore .i.e, and bubble content can be 
varied and controlled. Control of the environmental pressure during the 
foaming also can be used to control the foam characteristic. 

Alter the foemed article ha. been formed, the re.in. are carbonized 
to eliminate the volatile, and then the porou. mas. i. given a fina* 
heat treatment to .inter the .tructure. If carbide, are to be formed 
the carbon residue of the re.in. can be reacted with « oxide in the 
final heat treatment to .inter the structure. If carbide, are to be 
formed the carbon re.idue of the re.in. can be reacted with an oxide in 
the final sintering treatment in an inert atmosphere. If carbon i. no 
wanted in the final .tructure, it can be burned out during .intering. 

In forming of foame<. ceramic, in which the foaming take, place 



at an elevated temperature, the temperature must be controlled closely 
to generate the desired pore characteristic. For enhanced control of 
the type of pore generation which takes place during firing, carbon or 
graphite particles have been added to the ceramic mix. Properly dispersei, 
they provide a source of gas in dispersed locations throughout the mass, 
leading to more uniform pore structure. 

Foamed ceramics usually are of a simple geometry as fired. The fired 
mass is readily machinable and can be shaped as desired. The size limi¬ 
tation depends upon the foaming technique used but i j less severe than 
in most ceramic fonning techniques. Massive blocks have been made. 

3. Forming from Fibers 

Structures utilizing fibers are made in such a way as to take advantage 
of the fiber tensile strength. Typically, fibers having a high-elastic 
modulus are incorporated Into a material of low-elastic modulus sc that 
the fibers will absorb most of the tensile stress to which the structure 
is subjected. Also, there has been some use of fibers alone, so wound 
as to be self-supporting. By far the greater use, however, is the fiber- 
containing composite. The fibers may be either continuous-filament or 
woven. They might be short randomly-oriented fibers, they might be self- 
bonded to one another as well as to the matrix, or they might be true 
whiskers, of extremely small cross section and very high strength. 
Composite types include those made with ceramic fibers in either a 
metallic or a resin matrix, and those made with metal fibers in a cer¬ 
amic matrix. More recently there has been attention to the possibility 
of using ceramic fibers in a ceramic matrix. Where continuous filaments 
are used, the fiber is wound on a mandrel of the proper type to give 
the desired shape to the piece and the matrix material is impregnated 
into the filament windings. Where the fibers are randomly oriented, the 
matrix material and fiber mixture may be fonned by any of the conventional 
ceramic techniques. 

In making a composite containing a fiber it is necessary first of 
all, of course, to have a fiber of high-tensile strength. If it is not 
woven into a free-standing structure, the fiber must be combined with 
a matrix material which will hold it in place and give the compressive 
strength necessary for the structure. The fiber and matrix material 
must not react unduly. There is a best amount of bond between the fiber 
and matrix so that the load can be transmitted throughout the piece. 
The fiber and matrix must have the correct relationship of thermal ex¬ 
pansivities. In the fabrication of composites made with metal fibers 
and a ceramic matrix and those made with ceramic fibers and a metallic 
matrix, the problems of reactivity between matrix and fiber in the firing 
of the structure and the Internal stresses of thermal expansion mismatches 
during the firing treatment are formidable. The same holds true, of course, 
for a conçosite made of a ceramic fiber in a ceramic matrix. 

In structures made with filament-wound fibers and an impregnated 



matrix which requires no elevated heat treatment, the size and geometry 
limitation is not a critical one. In such a structure there is consider¬ 
able latitude to form the flexible fibers onto a mandrel of any desired 
size and shape and then impregnate the woven fiber with matrix material. 
If a heat treatment of the matrix material is required, then the shrinkage 
and firing characteristics of the matrix impose size and geometry limi¬ 
tations. The limitations here are the same as for conventional fired 
ceramics. Similarly, the composites with randomly oriented fibers formed 
by conventional ceramic techniques have the same size and geometry limi¬ 

tations as conventional ceramics. 

k. Bulk Placement and Molding 

Ceramics may be formed to advantage by bulk placement or molding 
when a large or irregular shape is desired, or when the material is 
to be placed at the site of the utilization. This technique is also 
often used when it is desired to make a limited number of special shapes. 
Forms or molds can be made simply and cheaply since mold strength require¬ 
ments are not stringent. The material may be cast into a mold, rammed, 
troweled, gunned, or poured like concrete into forms. The materials so 
formed may have a rigid structure provided by a iydrauiic cement such 
as a high-alumlra cement, or a chemical bond such as provided by sulfates, 
phosphates, chlorides, sulfites and silicates, typical of these bonded 
materials are the refractory concretes, castables, and ramming mixes 
widely used in the heavy refractories industry. The materials might 
also merely be mechanically compacted to a rigid shape and develop a 

bonding phase only after heat treatment. 

typically, a mixture formed by this technique, taken in a broad 
sense, contains the sized aggregate which is the desired residual material 
or the end product, additives to enhance the formability, water to pro¬ 
vide for rheological properties, and, depending upon the type oi product, 

a cementing material. 

The water content is critical, not only to the ease of forming or 
placement, but also to the density and strength of the product. Vibration 
is finding increasing use for better flow into complex molds, and for 
higher more uniform density. Insulating materials of controlled 

density are also widely ençloyed. 

Because the forceo applied in this fonning process are comparatively 
low any characteristics of the mixture being formed which influence the 
flowability become very important. Critical factors include besides 
the water content mentioned previously, size, shape, and surface activity 
of the aggregate grains, and amount and behavior of additives. The 
setting rate and strength of a cementitious phase is influenced greatly, 
of course, by the water content and the nature of the additives used. 

Close control must be exercised over the rate at which water is 
removed from a formed piece. Cracking, or even explosion of massive 
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pieces, particularly in Job-placed products, may result if too-rapid 
water removal is attempted. The heat of hydration of high alumina cements 
may be large enough to require special provision for water cooling during 
placement, or large installations may have to be poured in carefully 
sized, alternate sections to avoid thermal rupture during curing. With 
these precautions this type of process lends itself to the forming of 
many sizes and shapes, particularly large ones, not obtainable by other 
forming techniques. 

5. Impregnation 

The technique of forming ceramic products by impregnation involves 
only chemical forces, not the usual mechanical forces of the more comnon 
forming processes. Impregnation may be considered a secondary forming 
process in that it is applied to a skeleton already shaped and sized 
by another technique. Commonly, impregnation is used to incorporate into 
a structure other elements o..- compounds which could not be so placed in 
the initial fabrication of the structure. 

The infiltrant material function may be to fill pores, or to exert 
a bonding action, or to confer specific properties. In any case, the 
driving force for the impregnation is the surface free energy of the 
system. Hie impregnation is accomplished at temperatures, atmospheres, 
and pressures (both vacuum and high pressures) dictated by the chemical 
and physical properties of the imprégnant and the skeleton. 

Impregnation often is combined with a heat treatment to provide for 
a reaction between the skeleton and a liquid phase imprégnant. 

Impregnation techniques have been applied to a considerable extent 
to the fabrication of high-density graphites and of high-temperature re¬ 
sistant, special refractory ceramics and metals. 

Since the driving forces are chemical and the combinations of skeleton 
and imprégnant almost limitless, controls required and size and shape 
limitations are not well defined. They will be determined by specific 
situations. In situations where a reaction occurs between the skeleton 
and imprégnant, the extent of the reaction and, if two or more phases 
are present, thermal expansivity mismatches will strongly influence the 
quality of the product. 

6. Reaction Sintering 

In forming ceramics by reaction sintering, a compound is formed 
of two elements which react exothermically and the heat of this thermitic 
reaction is used to cause the sintering of the mass. The components 
to be reacted plus a throttling agent (inert material) and a binder 
are mixod and compacted into the desired shape. The compact may be 
surrounded by a shrouding material. Heat is applied to bring the 



specimen up to ignition temperature. At tbe ignition temperature, the 
tbenritic reaction proceeds and the heat generated sinters the compact. 

Tb control the rate of the reaction, the throttling and shrouding 
material moderate the reaction and the furnace temperature is closely 
controlled. Controlled atmosphere also may be used. 

In addition to the forming of solid articles by reaction sintering, 
attempts have been made to take advantage of the thermitic reaction to 
sinter a coating on a substrate which could not normally endure the 
required firing temperature for the coating. To date there has been 
limited success with such coatings because of adherence problems, but 
an area of potential usefulness appears to be indicated. 

To make sound compacts by the reaction-sintering process, it is es¬ 
sential that all volatiles and chemical water be removed before ignition 
takes place. If not, disruptive forces and nonuniform temperatures will 
cause degradation of the compact. 

Dimensional stability and control of reaction rates are problem 
areas. Specimen shapes must be kept simple. Compacts up to one inch 

in size have been reported. 

7. High-Energy-Rate Forming 

High-energy-rate forming processes have been developed in recent 
years and used primarily for forming of metals. Some exploratory work 
has been done to determine the usefulness of high-energy-rate fcvming 
processes for ceramics. Two types of high-energy-rate techniques have 
been used for the compaction of ceramic powders. In one, direct explo¬ 
sive chargee are used, and in the other the compaction takes place in a 
pneumatic-mechanical press. In the direct explosive technique, the explo¬ 
sive charge is placed insasdUtely around the material to be compacted 
and the energy dissipated outward is absorbed in a body of water, in 
the pneumatic-mechanical technique, a rapidly expanding gas propels a 
ram at high velocity (up to 60 feet per second) to the material to be 
compacted. Preesures applied have been calculated to be in the range 
of about 1-1/2 million to 7 million psi. In both the explosive-forming 
technique and the pneumatic-mechanical technique, the pressures generated 
are of sufficient magnitude to cause metals to behave plastically and 
flow. Some evidence of plastic deformation in ceramics has been obtained 
in exploratory work, but, to date, brittle behavior is the more common 
characteristic of ceramics exposed to the high-energy-rate forming. 

In the explosive forming of ceramics, the amount of pressure and 
the rate at which the pressure is applied can be varied by controlling 
the placement, the amount, and the type of explosive charge used around 
the specimens. In the pneumatic-mechanical equipment, the prej™™ 
applied will depend, of course, upon the velocity and mass of the ram 



Th«' response of a ceramic material to a high-energy-rate forming 
process will depend, of course, on the characteristics of the material. 
Some of the factors which affect the response eure crystal size, crystal 
orientation to the shock wave, and the crystal structure. Also, of course, 
the mechanical characteristics of the material affects its response. 
An insufficient plastic flow of the material vill cause it to be fractured. 
Elevated temperature operations would be expected to improve the response 
of many ceramics because of the greater likelihood of plastic flow, but 
little work has been done in this area. 

The exploratory work which has been done with ceramics indicates 
that it is possible to increase the sinterability of ceramics by forming 
them under a high-energy-rate condition, allowing subsequent use of much 
lower sintering températures. Powder materials have been densified 
to as high as 95 percent of theoretical in high-energy-rate forming, 
but in most cases this appears to be a mechanical densification and 
no significant bond strength develops. In MgO, a coalescence of grains 
has been observed even though there was not an appreciable strength 
development. In quite highly densified compacts, there often are macro¬ 
cracks, resulting presumably from the stresses caused by the reflection 
of shock waves after the initial densification. In a few selected cer¬ 
amics there has been enough strength developed to Indicate some promise 
that specimens could be formed to useable shapes in a high-energy-rate 
forming process without the subsequent sintering operation. At the pre¬ 
sent time, however, it appears that this method will be most useful in 
compacting materials to densities and structures not otherwise obtainable 
so that they sinter more readily. Some defect structures which would 
enhance sinterability have been noted. 

The work with high-energy-rate forming of ceramics is still in 
an exploratory stage to the degree that it is difficult to set the size 
and geometry limitations. In the pneumatic-mechanical system, specimens 
with a 12-inch plan diameter are the maximum that can be made currently. 
The thickness limitation of such specimens has not yet been determined. 
A problem area exists in that spring-back of ceramic materials after the 
ram has struck and densified the compact will cause the compact to fracture. 

In the forming of ceramic specimens using direct explosives, the 
cross-section is the limiting dimension at the present time. Quite long 
pieces can conceivably be made, but the difficulty of transmitting the 
energy through and to the center of a large cross-section piece has not 
been ove reos» to date. The cross-section limitation will depend upon 
the density of the material and its absorbing characteristics. With 
a very high specific-gravity material of a cross-section greater than 
two inches, sound compacts are difficult to produce. A lighter material 
might be formed in a larger cross-section. 



When the ceramic work piece being formed has an appreciable mass 
there is a difficulty in releasing the load applied at a slow enough rate 
to prevent the specimens from fracturing. In the forming using explosives 
the specimens can be contained within a metal can which will restrain them 
from cracking as the explosive energy dissipates. To date, the geometry 
has been limited to very simple shapes such as rods, plates, or hollow 
cylinders. 

The uniformity of ceramics obtained from the explosive-compaction 
operation has not been good due to the variation in stress-wave strength 
as it progresses through a part. Often, internal fractures will occur 
at the center of the compact due to the tensile reflection of the shock 
waves as they meet at the center. In the pneumatic-mechanical process, 
the uniformity of compacts will depend on the amount of lateral flow which 
has occurred during the compaction. 

8. Electrophoretic Forming 

In forming ceramics by electrophoretic deposition it is necessary 
that the ceramic particles from which an article is to be made acquire 
an electrical charge. Usually this is accomplished by absorbing an 
ionic material onto the surface. The particles then are suspended in 
a low dielectric fluid such as alcohol in a system which provides for 
a voltage to be impressed across the suspension. Voltages might range 
from 100 to 1,000 volts. Under the influence of the impressed voltage, 
the ceramic particles will move and deposit on one electrode. The char¬ 
acteristics of the deposit will depend upon the particle charge carried, 
the size (usually about 60 microns md finer) and size distribution 
of the ceramic particles, the particle shape, and the voltage applied. 
If the particle size distribution is correct a dense layer can be formed. 
It is common practice to add to the suspension a material to cause the 
formed layer to have adequate green strength. Materials such as gelatins 
and polyvinyl alcohol are suitable binders. 

If it is desired to use electrophoretic deposition to form a ceramic 
coating, the electrode can be the substrate and the product can be made 
by appropriate heat treatment of the coated substrate. If free-standing 
ceramics are desired the deposited material can be removed from the 
electrode and fired in a normal operation. The geometry of ceramics 
formed by this process thus is set by the geometry of the electrode. 
Ceramic depositions up to l/2-inch thick appear feasible. 

The electrophoretic techniques are well established and the fun¬ 
damentals understood, but the potential usefulness of this forming method 
does not appear to have been established. 

9. Machining and Grinding 

Machining and grinding processes are used to give a final shape, 



dimension or surface finish to ceramics which are already shaped and 
fired. Two types are commonly used. One is the conventional grinding, 
using abrasives either in the wheel or powder form. Such grinding is 
used to provide the final form of the surfaces of the ceramic. Abrasive 
wheels also are used commonly for cut-off work. The other principal type 
of process for the machining and grinding of ceramics is termed ultra¬ 
sonic machining, used primarily for holes, slots, and depressions of 
the ceramic. In general, machining and grinding operations are used to 
provide dimensional accuracy, complex designs not obtainable before final 
heat treatment, and control of the surface texture. Usually, machining 
and grinding are used only when no other forming process will provide 
these requirements to the degree needed. 

In the abrasive grinding of ceramics, well-developed equipment and 
wheel designs are used. The abrasive need in most cases is either silicon 
carbide or diamond. Otter abrasive grains rarely are used for the moder¬ 
ately hard ceramics. Silicon carbide is usually the choice for grinding 
all but the very hard ceramics. For the hardest ceramics, úiamoúd abra¬ 
sive is required. The abrasive must be harder than the work piece, with 
material removal depending somewhat on the difference in hardness between 
the abrasive and the work piece. The greater the difference the more 
rapid the material is removed. The silicon carbide abrasive is used 
in the loose form in a lapping operation, in a wheel with a vitreoue 
or resin bond, or attached to a cloth or a paper belt. The diamond 
abrasive usually is bonded with metal on a metal wheel or lap. 

A grinding operation generates heat, resulting sometimes in cracking 
due to thermal shock. For the protection of both the work piece and 
the abrasive, coolants are used. A considerable variety of coolants are 
available and most are satisfactory and are chosen primarily on the basis 

of shop preference. 

The removal of ceramic material in a grinding operation is considered 
to be slow and expensive. Feeds and speeds are selected on the basis 
of experience and, of course, on the characteristics of the material being 
ground, ffemoval of more than 0.015 inch of material per pass is unusual. 
For good surface finish, removal rates often are limited to less than 
half of this amount. 

The material removal and surface finish is influenced by the porosity 
crystal size, and the structure of the ceramics being ground. Porosity, 
of course, can prevent the obtainxnent of a good finish. If there is 
more than one phase present and the phases differ in hardness, the hard¬ 
ness differences will affect che surface finish detrimentally. 

The 3ize limitations on surface grinding are not a particular con¬ 
cern if the surface to be ground is an exterior one. Interior surface 
grinding poses many problems if the length-to-croas-section ratio is 
great. In auch caaes, the usual practice is to machine ultrasonic ally 



rather than to use conventional abrasive grinding. 

In abrasive grinding operations there is material fracture, chemical 
reaction between the abrasives and the ceramic work piece, and thermal 
shock. A better understanding of the phenomena which occur in grinding 
in all of these areas is required. 

Ultrasonic machining is used to shape ceramics where abrasive grinding 
is not suitable. Basically, the ultrasonic machining technique uses a 
shaped tool and an abrasive slurry and impresses the tool image into the 
work. It is feasible to make a cut of any required shape by giving the 
tool the desired form. The tool is pressed against the work piece with 
a light pressure and an alternating motion. An abrasive slurry is fed 
between the tool and the work piece. Ihe machining is accomplished by 
the chipping caused by the abrasive being hammered against the work piece 
by the vibrating tool. In such an operation it is essential that the work 
piece be brittle and the tool be tough and comparatively soft. The liquid 
containing the abrasive acts as a coolant, carries the wear debris away 
from the working face, and provides for an efficient transfer of energy 
from the tool to the abrasive and the work piece. Cavitation of the 
coolant liquid also is an essential feature of ultrasonic machining. 
1¾½ bubbles formed at the work face by the cavitation stirs the abrasive 
slurry and aids in removing chips of the ceramic being machined and of 
the worn abrasive. 

Ihe tool is given an oscillatory motion by an electrical transducer. 
Cutting rates are dependent upon the oscillatory amplitude, on the static 
load imposed on the tool, and on the size and nature of the abrasive 
particles. Diamond, silicon carbide and boron carbide abrasives are com¬ 
monly used. 

Cutting speeds will vary considerably, of course, because of the 
complex shapes that are machined by this method. 

Since the abrasive grains must pass around the edges of the tool, 
the machined shape is always oversize relative to the tool. The over¬ 
size is a little greater than the dimensions of the abrasive and becomes 
less as the penetration goes deeper. The accuracy of the dimensions 
depends, also, of course, on the alignment and the stiffness of the 
tool. In operations using relatively coarse abrasive (200 mesh) the 
dimensions can be held to about 0.002 inch. Where greeter precision 
is required and finer abrasive is used, dimensions as close as 0.0005 
inch have been obtained. 

For most of today's ceramics, ultrasonic machining can be used to 
produce almost any desired size and external geometry. Long holes are 
a problem, however, due to tool drift and to difficulties of maintaining 
the desired flow of abrasive slurry to the working face. 

Ultrasonic machining is a relatively new process, and improvements 
in machine design are continuing. 
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III. FUNDAMENTALS OF FORMING 

In deriving a critical picture of forming, the actions have been 
to first catalog the variety of methods vhich are being utilized or ad¬ 
vocated. Then a classification has been presented so that the dozens 
of techniques could be analyzed in logical fashion. An attempt has been 
made to seek the similarities as well as the differences among the tech¬ 
niques, and establish common threads which weave through the diverse 
procedures and determine the physical structures realized. 

The prospective common threads applying to forming identified so 
far are listed 

(1) Characterization of the material feed. 

(2) Characterization of the process as a controlled engineering 
system. 

(3) Rheological response of materials to forming energy. 

(4) Topological aspects of thr packing of matter (space filling). 

(5) Bonding and phase interaction. 

(6) Forming stress interpretation. 

(7) Product realization. 

(1) Characterization of the material feed to the forming process 
has been discussed at length in earlier sections. It includes not only 
the raw materials themselves but also the p re paired agglomerate mixture 
of materials. 

(2) Ihe phrase "Characterization of the process as a controlled 
engineering system" indicates the need for instrumentation which will 
measure the significant processing variables for each forming technique 
so that impersonal controls can be established. These should be developed 
to be as satisfactory for the forming process au temperature measurement 
and control have become for heat treatment. The factors which need to 
be detected and controlled will be learned from the science of deformation 
and flow of matter: rheology. 

(3) Rheology evaluates the response of the material to the forming 
forces. This response has been discussed at some length in the section 
on cold forming, but is inherent in consideration of any forming technique 
In every case the material which is being formed comprises a complex 
system, usually a three phase assemblage of solid, liquid, and air. 

Inadequate understanding and poor control of the rheology of the 
material being formed can initiate flaws which persist through to the 
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finished product. This well illustrates the need for repeated ccnmuni- 
cation between the scientist accumulating fundamental understanding of 
the phenomena and the engineer exploiting the phenomena to make a useful 
product. For example, although ceramic engineers have utilized an under¬ 
standing of rheology of suspensions in slip casting with success, there 
still remains a large body of knowledge in this regard that could be 
profitably exploited. Rheological properties of dry powders are a fas¬ 
cinating field for research and process development which have scarcely 
been touched. 

(4) Space filling involves the geometrical considerations which 
govern the packing of matter whether atoms, individual grains from sub¬ 
micron to the coarsest screen sizes, or assemblages of particles. 

Accompanying forming is a densification by packing of particles 
or granules. The scientist investigates how this compaction occurs: 
whether by sliding of particles past each other; by elastic, plastic, 
or viscous deformation; by fracture of particles; or by diffusion of 
atoms across phase and grain boundaries. 

(5) Always accompanying the geometrical phenomena of packing are 
the force phenomena which account for the bonding strength in the im¬ 
pressed shape. Here the scientists argue over whether the strength of 
a cold-formed piece arises solely from mechanical interlocking, or ad¬ 
hesive phenomena, or actual particle to particle welding by a chemical 
interaction. Hot forming exemplifies the attempt to simultaneously 
achieve packing and bonding while controlling grain growth. 

(6) Forming processes may impose two types of stresses in ceramic 
shapes. First the thermal, liauid, or pressure gradients that may exist 
in shapes during forming may create long range stress distributions or 
body stresses. These stresses may lead to warpage or cracking of the 
ceramic shape. The effect of these body stresses on the resultant frep- 
•rtlea of the formed shape are difficult to assess because of the rela¬ 
tively few methods available to detect and measure them. 

In addition to body stresses, microstresses on and between individual 
grains may be developed by the difference in physical properties of dif¬ 
ferent phases or the anisotropic character of a single crystalline phase. 
The ultimate of microstresses effect on the mechanical properties of a 
ceramic are still open to question even though the techniques for their 
detennination are more advanced than those available for body stress 
analysis. 

(7) "Production realization" encompasses the whole range of technical, 
economic, and strategic considerations which arise from the fact that 
the processing of ceramics must result in quality products for which 
somsone is willing to pay. The products must not only be controlled 
as to structure and properties, meet dimensional and surface finish 
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specifications, and be free of flaws, but also must be competitive. 
Availability may be of prime strategic and economic importance. 

Realizing all this will always demand considerable skill on the 
part of the processor, but again a progression of "characterization" 
of the material in process and of the final product is proposed as an 
essential requirement. 

During the course of this survey it became evident that semantic 
clarification required a distinction between the terms "structure" 
'microstructure." Microstructure has been taken here to m&an the qual¬ 
itative or quantitative description of the relationships between phases 
present. This is true whether seen with the unaided eye, with a light 
or electron microscope, or with other analytical tools for extending 
resolution. Structure is intended to mean the total description including 
microstructure, chemical and mineral composition, purity, and submicro- 
scopic features relating to imperfections. The attainment of a controlled, 
reproducible structure is the initial objective of the forming process. 

"Characterization" implies not only knowing the structure and selected 
physical properties at each stage of processing, but knowing also how 
all these correlate. As we improve our ability to add this knowledge 
of characterization to engineering Judgment, the accomplishment of the 
goals of processing occurs faster, cheaper, and more effectively. 



IV. SUmRY AND CONCLUSIONS 

The state of the art of the forming of ceramics has been surveyed 
vithin the limitations imposed by a tight time schedule of only four 
months. Information was sought both by a search of the literature and 
by personal interviews through group conferences and individual contacts. 
The results are presented in individual reports on the topicsî (A) char¬ 
acterization of particulate systems, (B) cold forming, (C) hot forming, 
(D) melt forming, and (E) miscellaneous forming processes, as well as in 
two bibliographies based on a specially developed classification scheme. 

It is evident from the range of the reports and the references that 
forming, as one step in the total processing sequence, is undergoing 
a dynamic expansion of attention and competence in research, development, 
engineering, and manufacturing. Specialized leadership has been con¬ 
tributed by the nuclear fuel industry because of its particular end use 
requirements and economics. The pioneering of the aerospace industries 
is also beginning to became apparent, while the more traditional and 
established portions of the ceramic industry have certainly not been 
timid about introducing timely innovations and improvements. 

Needs for the future appear to include a unifying of the technology 
by a recognition of the common elements in the diverse forming methods, 
and a closer interaction between scientists and engineers for the mutual 
stimulation of both. 

It is not feasible to attempt to select the most promising forming 
methods for making a particular material in a specific shape. The selection 
must be based on a complex of considerations of end use and service 
environment, shape, size, design, tolerances, time available, and money 
available, so that each case must be individually appraised. It is ft* 
ably true that of the many forming processes here examined, none will 
ever be wholly discarded or exclusive. Each has a special contribution 
to offer to solve a specific problem in forming. 



V. BIBLIOGRAPHIES 

I. Procedural 

Concerning the bibliography on "Method« for Forcing Ceramics" the 

ívíiuíu tÎTTÎ' T b* r âûd In the tie« 
íl íií ^iíí4níiV* ia*rch f0r h« been pretty «ich lifted 
to the year. 1954 through July 1963. The ...rch ha. been largely baaed 

Ceramic Abstracta and Nuclear Science Abatracta for the aectlona on 
forming, and on Chemical Abatracta (1958 through July 1963) for the aection 
on characterization of particulate«. Spot check« were made in the abatracta 
aection of Tranaactiona of the Britiah Ceramic Society and OIS Reporta 

0ffíCÍ.?f Technic41 S^icea, U. S. Department of Commerce). Certain 
out.tanding paper, mere puraued after being cited a. footnote reference.. 

ThrmgU the bibliography la neceaaarlly Incomplete, it 1« extenalve 

hï?hr?Pr*î*n?lti!!,4 ^ lÉ ‘“PP*0* th* covered have vltneaaed a 

SSdX L fuu of ^#£ “*—• *- 

The collected and aelected reference, are preaented in the biblio¬ 
graphy which folio*. . Thi. bibliography ha. been glJ^d fr« a «re 
extenalve and detailed aet of reference«, complete with abstract« which 
are mounted on ASM-SLA Metallurgical Punched Carda. One complete set 
of these cards has been submitted with this report to toe ^¡ütractiní 
agency. A second set has been retained at the Department of Mineral* 
Technology, Unlv.c.tty oí Cltfornt., BerkoUy. ÏEy „Ü 

0£ ! c®QtlDuin* Âad *»*• «tensive bibliogrijhy on thî traies 
treated, and elao as the basis for coverage of other topic« in Ceramics. 

Any reader who misses cerUln favorite references in the area of 
hia apecUl knowledge la welcome to call attention to them for fítuÍe 
expansion of this bibliography. 

It would have been desirable to have Included a brief critieii 

uÂr irî.ü thi «'“•«« «“*. i» n.c^ 
f hÎÎ4b#?niC}4?#i*i*d* n0t *«*lbl« in the time available 
for this initial survey. It is hoped that it can be done in any 
continuations. 7 

2. Storau and fiatsig^ o¿ 

°f r#£ir#oc#* «cumulates in a bibliography or any 
information storage system, it becomes necessary to settle uoon some 
ciaaaification scheme. Information storage and retrieval, aleo called 
documentation, is at present in a period of rapid growth and change 
A variety of coding techniques is being advanced. It is best to aer*. 
th.t th.r. 1. DO OO. h... „y, h.t U «^‘tSÄxy 



determined for the amount and type of information being handled and the 
needs and personalities of the people being served. 

For the purposes of the present bibliography it was determined to 
base the presentation on the classification and related edge punched 
cards adopted by the American Society of Metals, called the ASM-SIA 
Metallurgical Literature Classification, International (Second) Edition 
as revised in 1958. 

The positive reasons for adopting this system were that it had been 
worked out in detail for the needs of metallurgists. In view of the trend 
in the government, industry, and universities to a unification of metals, 
ceramics, and polymers into materials science and materials engineering, 
it would be interesting to see how few modifications would adapt the 
classification and card for Ceramics, starting with the limited and 
specialized field of ’’Methods for Forming Ceramics." 

Though it was recognized that the most recent documentation practice 
stresses certain shortcomings in both classifications and edge punched 
cards, these do not enter during the early stages of documenting a new 
subject when the number of items is less than two or three thousand. 
As the number of items increases, it is feasible to shift to the so-called 
"peek-a-boo" type of cards, building on rather than abandoning the estab¬ 
lished classification and card file. Above twenty to thirty thousand 
items it first becomes necessary to think in terms of more advanced 
systems and computers. And even here the work done on the original clas¬ 
sification and cards would still have served a useful function. 

The classification coding scheme which has evolved is summarized 
in tb° following pages. 

j organizing the bibliography an attempt was always made to keep 
it as simple as possible. Though the classification extends to fourth 
order breakdowns, references were grouped at the highest order which was 
feasible for the number of references to be scanned. That is, no groupings 
have been attempted at higher than third orders, and wherever reasonable 
the breakdown was stopped at second orders. 

Inevitably there will be overlaps and repetitions in the use of 
classification. Various devices have been used to minimize these. 
Certain references appear under more than one topic, but attempt was 
made to classify each reference primarily under the topic which appeared 
to best describe its major and novel features. To a limited extent 
cross-references have been indicated by repeating references at two or 
more places in the bibliography. General review articles and books 
have been classified under general headings, rather than attempting to 
repeat them under each process mentioned. 
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Selected References on Documentation 

ASM-SLA Metallurgical Literature Classification, International Second 
Edition 
American Society for Metals, Cleveland 3, Ohio (1958) T^P* $3*00 

Workbook for above in loose-leaf $5*00 

ASM-SLA edge-punched cards and accessories may be purchased from: 
E-Z Sort Systems--V«-"ghn Agency 
236 North Clark St. 
Chicago 1, Illinois 

or 
E-Z Sort Systems, Ltd. 
1*5 Second St. 
San Francisco 5» California 

\ 

Information and supplies about "peek-a-boo" cards and related accès 
series in their "Hiennatrex" system can be obtained from: 

Jonker Business Machines, Inc. 
Gaithersburg, Maryland, 

or at four regional sales offices. 

Among the many papers appearing on the topic of information systems 
the following have been four-i useful: 

Eugene Wall 
Information Systems 
Chemical Engineering Progress (l) 55-9 (1959) 

John W. Murdock and G. B. Simpson, Jr. (Battelle) 
Practical Information Handling 
Industrial Research, April-May I961 

Ralph Cushing 
Improving Personal Filing Systems 
Chemical Engineering, January 7> 1963* P* 73-88 

Attention is called to: 
Chemical Engineering Thesaurus 
American Institute of Chemical Engineers 
3l*5 East l*7th St. 
New York 17, New York 
$10.00 to non-members 

Thesaurus of all engineering terms 
Engineers Joint Council 
To be published in 1964 

National Bureau of Standards 
Technical Note 157 
Bibliography on Coding Systems 



Bart Holm 

Coordinate Indexing 

Engineers Joint Council $1.00 

Literature and training courses available from Battelle Memorial 

Institute on Information handling 

Acknowledgements for discussions In Information handling: 

Ralph L. Darby, Battelle Memorial Institute 

R. S. Sheldon, American Ceramic Society 

E. Dugger, Research and Technology Division, U. S. Air Force. 

\ 

3. Coding Scheme Adopted for These Bibliographies 

The detailed classification scheme which has been followed In pre 

paring the two bibliographies Included In this report is presented in 

the following six pages. 
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Classification Scheme Adopted for C vir rent Purposes 

Based on ASM-SLA Metallurgical Literature Classification 
International (Second) Edition (1958) 

Processes and Properties Schedule supplemented by 
Products and Equipment Schedule 

First Order Divisions 
A - Generad 
B - Ores and Raw Materials 

Geology and Mineralogy 
C - Batch Preparation 
D - (iron and Steelmaking) 
E - Melting. Foundry 

* F - Primary Forming 
* G - Secondary Forming and Surface Finishing 

Machining and Grinding 
* H - Particle Technology 

Powders, Fibers, Filaments, Whiskers, 
Sheets and Films 

J - Heat Treatment 
Including Sources of Heat, Fuels and 

Combustion 
K - Assembling and Joining 
L - Cleaning, Coating and Finishing 
M - Microscopy, Constitution and Primary Structure 
N - Transformations and Resulting Structures 
P - Physics 

Physical Properties and Their Measurement 
Q - Mechanical Properties and Tests 
R - Chemistry 

Chemical Properties 
Corrosion 

S - Inspection and Control 
Measurements - Metrology 

U - Allied Fields 
T - Products and Parts 

* W - Plant Equipment 
Production Equipment and Layout 
Unit Operations 

X - Laboratory and Control Equipment 

^Principle categories used in this bibliography 

- (tentatively retained) 



Second Orter Divloloco 
? - Prlæry Forming 

Molding. Compacting. Shaping. 
Conaolldatlon 

1. Cold forming from "dry" porters 
2. Cold forming from pastes (plastic masses) 
3. Cold forming from suspensions 
k. Polymer-assisted forming 
5. Chemically-assisted forming 
6. X (Forbidden) 
7. Forming by combinations of energy forms 
6. High energy rate forming 
9- Open 

10. Forming glasses 
11. Fusion casting 
12. Hot deposition 
13- Open 
1Ü. Open 
15. Forming specific shapes 
16. Forming porous bodies—foaming 
17. Forming composites 
18. Open 
19. Open 
20. Theoretical bases of forming 
21. Preparations for forming (linked to 

C-Batch Preparation) 

£2, Open 
23. Hot forming 
24. Open 
25. Vapor forming 
26. Forming from filaments or films 

Related to FlOg 
27. Forming from solutions; electroforming 

28. Open 
29. Forming - general 

Third Order Divisions 
F - Primary Forming 
1. Cold forming from "dry" porters 

a. General 
b. Rigid die pressing 
e. Flexible die pressing 

Isostatlc, hydrostatic; polymeric 
die liners 

d. Pressing In evacuated dies; vacuta-asslsted 
e. Extruding 
f. Dieless compacting; porter rolling 
g. Vibratory compacting; Jolting 
h. Impact forming 
J. Dry process enameling 
m. Superpressure forming (above 100,000 pel) 
n. Zero pressure forming; flow forming 
p. Supplementary energy to pressure (mechanical) 
r. Rheological controls and behavior 

Response of material 
Absorptive die pressing - see F2d 
Additives - see F21s 
Design of parts • see F21k 

3. Cold forming from suspensions 
a. General 
b. Slipcasting, gravity and general 
c. Slipcasting, superimposed motions 

(vibratory, centrifugal) 
e. Slipcasting, vacuw or pressure assisted 
g. Cement casting 
h. Surface coating from suspensions: 

porcelain enameling, glazing, etc. 
J. Application techniques: brushing, 

spraying, dipping, slush coating, 
electrostatic spraying 

p. Supplementary energy to mechanical 
r. Rheological controls; additives (see also 

F21s) 
Response and behavior or material 

Molds - see F21g 
Design of molds - see F21J 
Additives for specific purposes - see F21s 

2. Cold forming from pastes (plastic forming) 
a. General 

d. Pressing - absorptive mold 
e. Extruding (clay-water type) 
f. Dropping, impacting 
g. Turning (jlggerlng, Jollying, "flower pot" 

forming 
Linked to G2 

h. Tamping, raaalng 
J. Cements, trowelling 
k. Cements, gunning 
m. Silk screening 
n. Rolling, colling 
p. Supplementary energy to mechanical 
r. Rheological controls and behavior 

Response of material 
l. Steam • assisted; warm working 

(Also see F23k) 
Additives - see P21e 
Mechanization, Automation - see uplt 

4. Polymer - assisted forming 
a. General 
b. Compression molding 
c. Transfer molding - thermosetting 
d. Injection molding - thermoplastic 
e. Extrusion 
f. Rolling 
g. Casting (Hot spray, . . ) 
h. Vibratory-assisted 
J. Vacuvxa-assisted or Blown 
r. Rheological controls and behavior 

Response of material 
s. Blnder-plastlclzer (polymer) selection 

and content (see also F21e) 
Additives for specific purposes - see F21s 

5. Chemically • assisted forming 
a. General 
b. Cement setting 
g. faction sintering; reaction pressing 
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8. Hlch energy rat« fonlng 
a. General 
b. Erploelve faming 
e. Spark dlecbarge 
d. Ultraeonlc Ijjpulee 

10. Eoralng Olaae 
Linked to I-Niltlng, foundry 

a. General 
b. Preeelng 
e. BUwlng 
d. Coablratlone of preeelng and blaring 
e. Extruding 
f. Snaring 
g. Flberlxlng 
h. Dropping, beefing 
a. Preparation« »or foralng: ^the ring, 

feeding, nd-wrlng, forming blank 
or parleon (eee aleo Rl) 

n. Casting: free flor, centrlfu^l, 
Injection 

p. Rolling 
r. Rheological control« 

Dlee and Molds - see Rig 
Porcelain enaael application - 

eee F1J, P», '3J . 
foralng specific ebapee (aarbles, 

pûtes, etc.) -- ««« fl5 

11. foralng by Melting end solidification of 
non-glassy cerealce In bulk (fusion casting) 
Linked to E-Meltlng, foundry 

AUo see flO, fl2 
a. General 
b. Pouring techniques 
c. Cooling In pUce , v\ 
d. Molding techniques (see also F21g, h; 
e. Continuous casting 
f. Single crystal graving 
r. Rheology; Response of raterial 

12. foralng by hot deposition - Melting particles 
individually 

g. fiara spraying 
J. Arc spraying 
k. Plaaaa arc aprayln- 
a. Detonation (explosive propulsion) 
r. Response of raterial 
a. Source of raterial 

IJ. foralng specific shopes 
a. Gens ral 
b. Single crystals (see fllf; ■ • •) 
e. Cylinders, rings 
d. Cones, ogives 
g. Sheets, pUtes, fllra 
J. Lsalnates, easing 
k. Spheres, pellets, rarblet 
a. Hollo«-vare Incl. crucibles, boats 
n. Rods sad bars 
p. Tubing 
g. Codiez desleís 

fiber« - eee flOg 

20. Theoretical bases of foralng 
a. QtntraX 
b. Applied aechamos of (ora R1J, k) 
d. Applied rheology (see Rlr, Rr, 

Rr, fjr, flOr, etc.) 
f. Theory of «pace filling - coapaetton 

a. Preparations for foralng 
Linked to C-fetch Preparation 

a. General 
b. De-alrlng 
e. OraouUtlon 
d. Coatings on granules 
f. feeding 
g. Dies and anide 
J. DeeIan of dies end aolde 
k. Baeijo if J«rte 
r. AaJ’S'trant "f rheology (see Rr, 

»fcr, fJr, Tkr, R3r) 
«. Additives for specific purpose« 

2}. Hot foralng (pressure sintering) 
a. General 
b. forging 
e« Rolling 
d. Dram*; 1.#. vire drwrin« 
e. Extrusion 
g. Coining or steaplng 
h. Sveglng; Isgact fonlng also fib) 
k. 'Vera" pressing (tee ale. 2s) 
a. Zero pressure epplled 
n. Preeelng - aUoepberlc and psneral 
p. Preeelng - vaoura 
q. Pressing - leoeUtlc (pressure bonding) 
r. Response of raterial; flor; rheology 

Dies nod aolde • eee Rig 
Heat‘ton preeelng - see fj« 

25- Vapor foralng (pas mating, vapor plating, 
vapor deposition) 

n. General 
b. Co-deposition 
g. Pbpsleal - general 
h. Physical - vaoura evaporation 
J. Physical - vary high ta^erature heating 
k. Physical • .puttering 
a. Chemical - general 
n. Chralcel - the nal decoBffoeltloo (pyrolysis 

surface - catalysed) 
p. Cbealesl - hydrolysis 
q. Chemical • reduction by hydrogen 
r. Chemical • reduction by carbon 
s. Chemical • oxidation 

Coating of granulas - em Rid 

26. foralng from fllra, filtrante, or shlekera 
Linked to flOg 

a. General 
b. felting 
0. Hearing 
d. ni«»nt viadinc 
a. Polymer coatad, bondad, or ugregmtad 

Ban for forming of Initial fllra, 
fllsrante, or shlshars flOg, fllf, etc. 

16. forming porous bodies • foaming 

b! By'underflrlng 
d. Honeycombing 
g. Light-wight aggregates; bloating 
n. from ponders by gw evolution 
p. fron ralte by ras evolution 

Ora opacified earaals and glnast* 

IT. forming coaposltes 
n. General 
b. Reinforced structures, foralng of 

ùpregnatlso; infiltration 
■es H6d, e 

27. forming fron solution; eleetrofearning 
A. Otatral 
b. Electrophoretic (entnphoretlc) 
c ArodUatlcn 
d. Electroplating 

29. foralng - mnervi 



■Ill,J IMMU —-- 
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Seconâ Orter Dlvlilom 
0 - Sacoatery roralng aol Surface flnlahlng 

1. Secondary Forming (Machining) Operationa 
in general 

2. Forming freu "green" (unflred) blanke-- 
general 
Linked to F2g 

3. Forming from partially fired blanke— 
general 

k. Forming from fully matured cerámica — 
general 

6. Manual operation! 

15, 

16. 

IT 

18 
19 

Chemical forming, surface finishing, 
and. etching 

Ifcchanical operations--stamping and 
punching 

Mechanical operations--machining by 
cutting action 

Mechanical operations--grinding 
Mectmnlcal operations —surface finishing 

20. Mechanical operations—Impact end abrasive 
blasting 

21. Mechanical operations—seeing, cutting 
22. Thermal operations—forming, cutting, 

surface finishing, etching 
23. Final forming 
2U. Forming by coaiblnatlonB of energies— 

special teterlal removed methods 
25. Applied mechanics of forming and machining 

Stress analysis 
Measurement!, Metrology (see S) 

Thlro Orter Divisions 
Formia 0 - Secande-y Forming 

15. Chemical proceisee 
h. Material removal 
J. Itching 
k. Polishing 

chemical machining'1 

l(. Mechanical operations - stamping, punching 
n. Stamping 
p. Punching 
V Coining 
r. Uboeelng and thgravlng 

IT. Mechanical operations • machining 
a. Turning 
b. Milling and bobbing 
e. Placing and shaping and facing 
i. Boring and broaching 
a. Drilling and reaming 
f. Tapping and threading 
g. dear cutting and ecrev cutting 
¡. Filing 
k. Machinablllty 

Searing • see 021 
Fettling • see W 

Id. Mechanical operations - Orlndlng 
a. Qensral 
b. terral rolling 
a. Vibratory - riselsted (ese iBkc) 
g. Cylindrical 
h. Centerless 
J. Internal 
k. Surface 
a. Form grinding 
n. Orlndlng «1th loose abrasives 
p. Orlndlng holes, core bite 
r. Diamond tooling 

19. Mechanical operations 
a. General 
b. Barrel burnishing; tiMbllng 
e. Buffing 
a. Vibratory - assisted (tee 024c) 
n. Honing 
p. Upping 
q. Superflnlehlng 
r. Other 
s. Polishing »1th loose fine abrasives 

20. Mechanical operations 
blasting 

impact, abrasive 

21. Mecbaalcal operations • taming, cutting 
a. Contour 
b. cut-off 
s. Vire cutting 

22. Thermal operations 
g. Plate procesase - reshaping, la«»orklng 
b. Processes utillelng very high temperature 

heat sources 
3. Material removal 
k. Surface finishing - fire polishing 
a. Thermal etching 
n. Cutting 
p. Drilling bolee 

Forming by combinations of entrgltt 
A* Spark 
b. Chemical-aschanleal (tee also 013) 
c. Ultrasonic, electromechanical 
d. Dec trochen!cal 
I. Are (tee also 022h) 
f. Magnetic Impuls! 
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Second Order Division« 
H - Ferticle technology 

Powders, Fibers, Flleasnts, Whiskers, 
Sheets end Filas 

10. Pertlcle powder preparation 
11. Properties of particles 
12. Properties of assemblies of particles 

13. Mixing and blending 
Related to C 

lit. Granulation, sggloeKration 
Related to C, F21c 

i;. Sintering 
Related to J 

16. Secondary operations on porous bodies 
IT. Fiber Metallurgy (see also FI?) 

* 

Third Order Divisions 
H * Particle technology 
10. Particle-powder preparation 

a. Wet-chemical 
b. Electrochemical, electrical 
c. Coaminutlon 
d. Decomposition and calcination 
e. Vapor-solid reactions 
f. Melting and solid state reactions 
g. Purification 

11. Properties of particles 
a. Site, shape, density 
h. Surface area, gas Inclusions 
c. Electrical, magnetic, thermal 
d. Impurity analysis, distribution of pores, 

crystal structure, defect 
e. Solid-liquid Interface; Solid gas 

Interface 
g. Reactivity of particle; relation to 

defects 

12. Properties of assemblies of particles 
a. Site distribution 
b. Particle packing, peeking density, 

tap density 
e. Plow, angle of repose 
d. Rheology of solid-fluid systems 
f. Permeability 

13. Mixing and blending 
a. Mixing theory 
b. Dry mixing 
o. Wet mixing 

lb. Granulation, agglomeration 
a. Pelletising 
b. Briquetting 
e. Green strength and co^resslblllty 

Slip easting; Extrusion (see Flc; 
Fie; F3«; Fbe) 

13. Sintering (see J) 
e. Properties of sintered material; character¬ 

ising particles and asseabllse of 
particles 

16. Secondary operations on porous bodies 
d. Impregnation. 

e. Infiltration 



3«cond Order Dlyletone 
V ■ Production Pl»nt Equliaent and layout 
1. Mechanical assembling equipment 
2. Mechanical cleaning and finishing 
3. Chemical and electroches!cal cleaning 

and finishing 
It. Other cleaning and finishing equipment 

10. Plant Installations 
11. Poser generation and distribution 
12. Materials handling equipment 

Packaging and shipping 
13. General sendee and maintenance 

equipment 
lit. <^>en 
15. Ore and raw material preparation 
16. Puels 
IT- Calcining furnaces 
18. Melting furnaces 
19. Casting equipment 

* ah. Forming and shaping equipment 
* 25- Machine tools 
* 26. Powder processing equipment 

27. Heat treating furnaces and kilns 
28. Other heat treating equipment 
29. Joining and assembling equipment- 

welding, metallslng, brazing, soldering 

•Most pertinent to present bibliography 

Third Order Dlvlalons 
V - Plant Equipment 
i’ll. Forming and Shaping 

g. Presses 
m. Shears and saws 
n. Dies (see also P21g) 
p. Ifandrels and punches 

25. Machine tools (see O) 
a. Cut-off machines 
h. Jigs and fixtures 
c. Grinding belts and wheels 
d. Accessories 
n. lathes 
p. Drills 
q. Shapers 
r. Millers 
s. Grinders 





H-PARTICLE TECHNOLOGY 

HIO. PARTICLE-POWDER PREPARATION 
(See alec B, C) 

HlOa. WET-CHEMICAL PREPARATION 
(ARRANGED ALPHABETICALLY BY MATERIAL COMPOSITION) 

0. B. Wilcez (S, I. du Pont de Neaeurs ft Co.) 
Microfibroue Alumina 
U. S. 3,039,849 (6/19/62) Appl. 6/5/57 
Chen. Abetr. 8195 

S. I. Kuznetsov, V. A. Derevyankin, and 0. K. Shabalina 
Recrystallisation Process of Hydrargillite to Boehmite 
Nauch. Doklady Vysshei Shkoly, Met. No. 4, 87-93 (1958) 
Chem. Abstr. ¿2 I76I8 
M. Burk and A. Marcovska (Akad. Gorn.-Hutnicza, Krakow, Poland) 
Preparation of Activated Alumina From Aluminum Nitrate and Sodium 

Aluminate 
Zeszyty Nauk. Akad. Gorn.-Hutnicsej Krakovie Ceram. No. 2, 

81-90 (1958) 
Chem. Abstr. ¿8 3928 

E. Zoccheddu 
Acid Extraction of Alumina From Clay 
Ital. 599,258 (10/26/59) Appl. 11/28/58 
Chem. Abstr. Z¿ 946l 

C. Eyraud and P. Lanaspese 
Structure and Evolution of Sodium Aluminate Solutions 
Compt. rend. 248, 2592-4 (1959) 
Chem. Abstr. 54 12 

M. C. Gastuche 
Investigation of the Alteration of Kaolinite by Different 

Chemical Agents 
Silicates inds. 24, 237-44, 313-20 (1959) 
Chem. Abstr. 21 TÎ42 

J. Girod and J. Lacroix (E.N.S. Agron., Toulouse, France) 
Influence of Acidity on the Movement of Aluminum in a Mixture 

of Clays 
Compt. rend. 250t 4182-3 (i960) 
Chem. Abstr. W"2l689 



M. C. Gbstuch« and A. Barbillon (Univ. Louvain, Bavaria- 
Louvain, Balg.) 

Alumina Galat Crystallisation in a Daionisad Madium 
Bull. Soc. Chim. Franca 1404-12 (1962) 
Cham. Abstr. 56 11163 
Cham. Abstr. jj 13202 

W. Gilbart and V. L. German 
Influença of Cbeuical Treatment on the Properties of Some 

British Clays 
Ziegelindustr*e 2, No. 11, 399-403 (1956) 
J. Am. Ceram. Soc.JU, No. 2 
Ceram. Abstr. 54 
Cham. Abstr. J 

A. B. Schwarts (Socony Mobil Oil Co., Inc.) 
Silica-Alumina Gals 
Ü. S. 2,966,466 (12/27/60) 
Cham. Abstr. 55 7705 

£. V. Nikitina 

Effect of the Methods for Preparing Aluminosilicates on 
Their Structure 

Tr. Groznensk Neft. Inst. No. 24, 27-37 (i960) 
Baf. Zh., Khim., Abstr. No. 23M75 (I961) 
Cham. Abstr. 2903 ' 

W* (¿anaral^lactr cj B Ande^8®n, *** E’ S* ^ston 

KÜÎ Sint,r*b1' "'O 
Contracts AF33(600)-38062 and AT(ll-l)-17l 
Nucl. Sei. Abstr. I962 (5) I351 

I. V. Biskin and T. V. Bogova 
Preparation and Properties of Cadmium Sulfide and Sulfo- 

selemdes. II Chemistry of the Reaction of Cadmium 
Salts with Sodium Thiosulfate 

5Î' 2195-2202 (1961) 
Chem. Abstr. 56 6574; - ' ¿6 12520 
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T. Shiraishi, K. Yamanaka, and H. Kawarad* (Matsushita Elec 
Ind. Co., Osaka) 

Preparation and Sons Physical Properties of Cadmium Sulfide 
Single Crystal 

Natl. Tech. Rept. 7, 269-79 (l96l) 
Chem. Abstr. ¿6 15o05 

V. Karkoska, B. Pomahac, and Z. Ciainsky 
Pure Iron Oxides 
Csech. 97,547 (12/15/60) Appl. ll/S/58 
Chem. Abstr. 8196 

L. E. Slaton (intern. Business Machines Research Lab.) 
Precipitation of Dispersed Fine-Particle Magnetite 
J. Appl. Phys. Jl, 74S-75S (i960) 
Chem. Abstr. b2 

A. A. Aient'ev 
Dependence of Recrystalliaation and Activity of Magnesium 

Oxide From Brine on Annealing Temperature 
Isvest. Kiev Politekh. Inst. ¿0, No. 2, 91-8 
Referat. Zhur., Khim. Abstr. No. 10K267 (l96l) 
Chem. Abstr. 4387 

G. Eyber and W. König (Didier-Werke Akt.-Ges.) 
Sintered Magnesia 
Ger. 1,072,540 (12/31/59) 
Chem. Abstr. 16932 

K. Ito and T. Takahashi (Univ. Nagoya) 
Preparation of Well-Crystallised Beta-Manganese Dioxide and 

Measurement of its Specific Gravity 
Kogyo r aku Zasshi 64, 1375-8 (l96l) 
Chem. „r. ¿2 2939 

J. L. Straughn and W. B. Tarpley 
Particle Site Reduction During Ultrasonic Precipitation of 

Thorium Oxalate 
U. S. At. Energy Cobs. NYO-7935 (1959) 
Nucl. Sei. Abstr. n, Abstr. No. 20895 (1959) 
Chem. Abstr. ¿4 19^25 



B. G. Sovdtn and G. N. Stookdnle 

apar««eterai0? I>r*ciBitatea bY Filtration and Sottling 

v7£”Tiv)7/¿uD of ^ 4 

(ot- ^ ™67 

Hif"---- feÄÄ.a'!, ^ 
ü. S. At. Energy Conm. WAPD-I78 Í1958) 
Chem. Abatr. ¿0 7642; % 17743 1 ; 

J. G. Cari.on, H. D. Boot, and B. S Shan. 

".“roí «•í«“»* i» S.r.r.1 Sacftl.. 

ü (2) 49-75 (19M) 

s'ïïr*1* -r . Wïi.iM. H.t.rUlli 
Wet Preparations of U02 Powders 

Ä^asssi1-Apriwa-1941 
Nucl. Sei. Abstr. 1962 (7) 2342 

Production, Preciíiof‘poSa ^rbide Nuclear Co.) 
Contract V-7405-eng-26 (3/l?)6f)d Slnteri11« of Ceramic-Gradi 
Bucl. Sei. Abstr. 1961 (7) 2384 ^ 

Preí¿rUií¿nof üO* fò/i0“?0 Coimia*i°a) 

Li’ "atenÄV'°3?*839 (6/5%)*aCt0r Pellets «öd. Sei. Abstr. I962 (8)/2514 

»•».i.pMnWf J9!“1“'?4 C“rp-) 

ror -¾¾¾ (2/m 
Nucl. Sei. Abstr. 19b2 (5) 1356 



D. £. Ferguson, E. D. Arnold, V. S. Ernst, Jr., and 0. C. Dean 
(Oak Ridge National Lab.) 

Preparation and Fabrication of ThOo Fuels 
Contract W-7405-eng-2b (6/19/62) 
Nucl. Sei. Abstr. 1962 (a) 2729 

R. Prasad and A. K. Dey (Univ. Allahabad, India) 
Electrometric Studies of the Precipitation of Thorium 

Hydroxide. I. Changes in pH of Thorium Chloride Solution 
by the Progressive Addition of Sodium Hydroxide 

Eolloid-Z. 184, No. 1, 54-6 (1962) 
CLem. AbstrT32 *3204 

D. E. Ferguson, 0. C. Dean, and P. A. Haas (Oak Ridne 
National Lab.) 

Preparation of Oxide Fuels for Vibratory Compaction by the 
Sol-Gel Process 

CEND-153, 1, 23-38 
Nucl. Sei. Abstr. 1963 (4) 1449 

T. Hibino, Y. Wakao, S. Naka, H. Matsumoto, and C. Noguchi 
(Govt. Ind. Research Inst., Nagoya) 

Oxide Materials for Cermets. I. Effects of Drying Methods on 
Particle Sixe of Zirconium Hydroxide 

Nagoya Kogyo Gijutsu Shikensho Hokoku 5, 510-14 (1956) 
Chem. Abstr. ¿4 20743 ^ \ 7J ) 



HlOb. ELBCTBOCHEMIGAL, ELECTRICAL PREPARATION 

U. S. At. Entrar Cou. 
Electrostatic Precipitation of Subaicron Aluaina Particles 
IDO-14522, 1-18 (i960) 
Chem. Abstr. «£ 13962 

R. E. Snow (international Minerals ft Chemical Corp.) 
Electrostatic Separation of Feldspars 
Ü. s. 2,961,092 (11/22/60) 
Chem. Abstr. 22739 
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. PRSPABATION BY COMMINUTION 

A. M. Gin»tling 0 u. . 
The Effect of Grain Si*e and Uniformity of a Solid Mixture on 

Chemical Reactions ,, \ 
Sbornik Nauch. Rabot Khim. i. Tekhnol. Silikatov, 27^-82 (1950; 
Chem. Abstr. 139¾¾ 

C. E. Berry and H. J. Kamack (E. I. du Pont de Nemours & Co., Inc.) 
Surface Activity in Fine Dry Grinding . » 
Proc. Intern. Congr. Surface Activity, 2nd, London ^ 190-202 U957J 
Ches. Abstr. ¿5 229¾^ 

J. Janovski (Acad. Gornicxo-Hutnicza, Krakow, Poland) 
Grinding of Vet Blast Furnace Slag 
Cement-Vapno-Gips 1¾ (23), 162-70 (1958) 
Cheu. Abstr. ¿2 15870; ¿j ¾689 

R. Kubicki 
Grindability of Raw Materials and Products of the Cement Industry 
Cement Vapno-Gips 1¾ (23), 180-7 (1958) 
Cbm. Abstr. 21 ^ 

I. D. Shchukin and P. A. Rebinder (inat. Phys. Chem. Acad. Sei. 
U,S.S,R., Moscow) 

Ferantion of New Surface^ During the Deformation and Rupture of a 
Solid in a Surface-Active Medium 

kolloid. Zhur. 20, 6k5-5k (1958) 
CkoB. Abstr. £fT883 

Z. A. Livson 
Optimal Conditions for Preparing Raw Materials During the Firir,, 

of Refractories in Rotary Kilns 
Trudy Khar'kov. Politekh. Inst. 17, 225-32 (1958) 
Referat. Zhur., Khim. Abstr. No.-32077 (1959) 
Chem. Abstr. 18921 

N. A. Bessonov 
The Relation Between Work, Heat, and Energy Absorbed During 

Abrasive Vear of Rock Salt Crystals 
Belorus. Politekh. Inst. im. V. I. Stalina, Sbornik Nauch. Trudov 

No. 60, 116-2¾ (1958) 
Chem. Abstr. jj6 9^1 

R. L. Brown 
Calculation of Closed-Circuit Grinding. 
Brit. Chem. Eng. ^ 463-6 (1959) 
Chem. Abstr. ¿ 97¾ 
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E. Kcttig 
V*ry Fine Pulverisation oí Magnetite 
Ger. (East) 16,375 (2/9/59) 
Chea. Abstr. ¿4 18834 

Y. Oyaua and Y. S aw aha ta (inet. Phys. Chen. Research, Komagosie, 
Tokyo) 

Powder for Industrial Testing (Trial manufacture and sise 
distribution) 

Rikagaku Kenkyusho Hokoku 36, 104-13 (i960) 
Chem. Abstr. 15®53 

M. T. Trambouse and B. Imelik (Sorbonne, Paris) 
Influence of the Heterogeneity of Particle Size on the Conuuinutioi 

of Solids 
J. Chim. Phys. ¿7, 656-65 (i960) 
Chem. Abstr. 58 13463 

N. I. Gel'perin and L. M. Polotskn 
Fine Grinding of Solids in a Vibrating Ball Mill 
Khim. Mashinostroenie No. 1, 28-33 (i960) 
Chem. Abstr. ¿4 21873 

M. T. Arrambide and P. J. F. Lesy 
Grinding Granular Slag From Blast Furnaces Before Use in the 

Preparation of Hydraulic Concretes 
Fr. 1,257,694 Appl. 2/22/60 
Chem. Abstr. ¿6 9724 

L. Dintenfass 

Microrheoiogy of Pigment Dispersion by Ball Milling in Non-Aqueou 

Kolloid-Z., 122-(1) 1-19 (i960) 
Ceram. Ab8tr7l960 (9) 215 

G. S. Khodakov and P. A. Rebinder 
Mechanism of Quarts Comminution in Surfactive Media 
Kolloid. Zhur. 23, 482-90 (1961) 
Chem. Abstr. ¿2 2016 

99 



\m ipí.i -.... 1 ***• ^ H|M^ WlUPI1 *wlP'>Rw?iPPWi|RlPi 

N. A. Brunt (Cuntraal Lab. T.N.O., 
The Dispersion of Pigments I. 
Verfkroniek 34 474-9 (l96l) 
Chen. Abstr. ¿b 11743 

Delft, Neth.) 

P. P. Budnikov and M. Nekrich 
Work of Disintegration in Powder Technology 
Silikat Tech. 12, 452-7 (l96l) 
Chem. Abstr. ¿F17262; ¿6 9733 

W, J. Kenny and E. L. Piret (Univ. of Minnesota) 
Slow Compression Crushing of Single Particles of Glass 
A. I. Ch. E. Journal 7, 199-202 (l96l) 
Chem. Abstr. ¿6 4380 

Mallinckrodt Chemical Works, Nuclear Div., Hematite, Mo. 
Characterisation of UO2 Powders 
Sixth Monthly Progress Report for March I96I 
Contract AT(40-1)-2699 
Nucl. Sei. Abstr. I96I (l0) 3250 

D. W. Puerstenau and D. A. Sullivan, Jr. (üniv. 
Comminution of Mixtures in Ball Mills 
Trans. AIME 223, 152-7 (1962) 
Chem. Abstr."Jb 12213 

of California) 

F. J. P. Clarke, R. A. J. Sambell, and H. G. Tattersall 
(At. Energy Res. Estab., Harwell, Engl.) 

in o,id' 
Chem. Abstr. ¿6 I5OO6 

G Moscow)8Äll^r0VÄ' V* F‘ Ki8elev' all<i M- p* Maiorova (State Ui 

Change of the Silica Gel Structure on its Comminution 
Kolloidn. Zh. 24, No. 1, 3-7 (1962) 
Chem. Abstr. ¿“87 ' ' 



Y. Nishimura, R. Naito, R. Yamamoto, and S. Kato (Gort. Ind. 
Res. Inst., Nagoya, Japan) , , , « , 

Effects of the Particle Siae of Raw Materials in Procolain 
Manufacturing. VI. Effect of Comainution of Feldspar 

and Quarts on the Behaviors of Porcelain Bodies During 
Px ri Bff 

Nagoya Kogyo Gijutsu Shikensho Hokoku 1^, 713-25 (1962) 
Chem. Abstr. 3i 12273; 13578 

C. Moss (United Kingdom Atomic Energy Authority) 
Improvements in or Relating to Densification and Granulation 

of Uranium Dioxide 

J. F. Carpenter (United Nuclear Corp. Chemicals Div.) 
Characterization of UO2 Powders 
p - - - ~ * 1961-January 1962 

K. H. Puechl (Nuclear Materials and Equipment Corp.) 
Development of Plutonium-Bearing Fuel Materials 

1 of April 1962 
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PREPARATION BY DECOMPOSITION BY HEAT, CALCINATION 
(ARRANGED ALPHABETICALLY BY COMPOSITION) 

H, Bremer and G. Henrion (Humboldt-Univ., Berlin) 
Stepwise Isothermal Dehydration of Pure and Simultaneously 

Precipitated Gels of Chromium and Aluminum Hydroxides 

Chem. Tech. (Berlin) 1^, 555-6 (1959) 
Chem. Abstr. ¿4 21938 

A. J. Hegedues and J. Kuerthy (Forschungsinst. Nachrichtentech. 

Ind., Budapest, Hung.) . , , 
Some Aluminum Oxides of the Following Kinds. I. An Amorphous, 

Globular Aluminum Oxide. II. A Black, Semi-Conducting 
Aluminum Oxide. III. A High-Purity Aluminum Oxide 

J. Prakt. Chem. 14, 113-18 (l96l) 
Chem. Abstr. 5§ ï>898 

P. Tardieu and R. Perieres (Pechiney-Compagnie de Produits 

Chimiques et Eletrometallurgiques) 
Alumina Manufacture in Low-Stack Blast Furnace 
U.S. 3,009,778 (II/21/61) Fr. Appl. 7/31/56 
Chem. Abstr. ¿2 12106 

Rutgers Univ., School of Ceramics 
Development of Refractory Ceramics That Can be Processed at 

Temperatures Considerably Lower Than Their Maximum Use 
Temperature 

Final Report, December 1, 1960-April 1, 1962 
Contract No. 61-0211-C (N62-12088) 
Nucl. Sei. Abstr. 1963 (4) 1642 

B. S. Lee, J. C. Chu, A. A. Jonke, and S. Lawroski (Polytechnic 
Inst, of Brooklyn) 

Kinetics of Particle Growth in a Fluidized Calciner 
A. I. Ch. E. J. 8, 53-8 (1962) 
Chem. Abstr. Jj6 14009 

J. L. Evans and J. White (Univ. Sheffield, Engl.) 
The Thermal Decomposition (Dehydroxylation) of Clays 
Kinet. High-Temp. Processes, Conf. Dedham, Mass., 3OI-8 (1958) 

(Pub. 1959) 
Chem. Abstr. ¿4 12521 

A. L. Ruis 
Effect of Calcination Temperature on Heat of Solution of Clays 
ASTM Bull. No. 233, 51 (1958) 
Chem. Abstr. ¿2 5626 



A. V. Shlykov 
Th« Kinetic« of the Dehydration of Claye at 600-900 Degrees 
Sbornik Trndov, Beep. Nauch.-Issledovatei. Inst. Mestnykh 

Stroitel, Materialov No. 18, 112-92 (i960) 
U.S.S.B. 128,633 
Chem. Abetr, ¿6 11251 

T. Jacobs and M. de Fr«. 
Kinetic Studies of the Dehydroxylation of MontmorilIonite by 

Themogravimetric Analysis. 
Silicates Inds. 26, 363-5 (196l) 
Chem. Abetr. £ 11249 

R. Caillat, &. Pointud, E. Pruvot, and P. Barades 
(Comaissariat a l'Energie Atomique) 

Process for Obtaining Fritted Beryllium Oxide 
Swiss Patent 348,397 (§/3l/60) 
Nucl. Sei. Abstr. 1962 (12) 4221 

I. J. Holland (United Kingdom Atomic Energy Authority) 
Improvements in or Relating to Suspensions of Beryllia 
British Patent 914,895 ,(1/9/63) Filed 9/9/60 

(3) 1136 Nucl. Sei. Abstr. Í963 (; 

D. T. Livey, N. Brett, I. Denton, and P. Murray (Atosdc Energy 
Research Establishment, Harwell, Berks, Eng.) 

Factors Affecting the Density of Sintered and Hot Pressed Beryll 
Progr. in Nuclear Energy, Ser. IV, 3i 111-34 (i960) 
Nucl. Sei. Abstr. 1962 (5) I63I 

P. P. Budnikov and A. A. Zvyagil'skii. 
Sintering of Beryllium Oxide 
Ogneupory, 26: No. 11, 525-30 (1961) 
Nucl. Sei. ïïïstr. 1962 (5) 1350 

R. C. Rau (Gen. El ec. Co.) 
X-Ray Diffraction Investigation of BeO Calcination Processes 
Advan. X-Ray Anal. 4, 19-39 (l96l) 
Chem. Abstr. ¿2 2945 
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P. Murray and D. T. LiTty (United Kingdom Atomic Energy Authority) 
Production on Sintered Compacte of Beryllia 
U. S. Patent 3,025,137 (3/13/62) 
Nucl. Sei. Abstr. 1962 (?) 2344 

T. Takada (Kyoto Univ.) 
Effect of Calcining Conditions of Iron and Chromium Salts on the 

Particle Sise of Their Products 
Puntai oyobi Punmatsuyakin 4, 139-48 (1958) 
Chem. Abstr. 2725 

W. Lahl 
The Burning Behavior of Various Dolomites 
Tonind.-Ztg. 8J, 461-5 (1959) 
Chem. Abstr. ¿2 3084 

A. Braniski 
Reactions Between Marine Magnesia and Chromite During the 

Process of Heating 
Acad. Rep. Populare Romine, Studii Cercetari Met. J, 233-56 (1962) 
Chem. Abstr. ¿2 12098 

H. Hashimoto and T. Nagato (Univ. Chiba) 
Particle Size of Magnesia Prepared by the Thermal Decomposition 

of Magnesite 
Kogyo Kage.ku Zasshi 62, 1478-81 (1959) 
Chem. Abstr. 1470¡5” 

C. Hyde and W. H. Duckworth (Battelle Memorial Inst.) 
Investigation of Sinterable Oxide Powders and Ceramics Made From 

Them 
Contract AF33(6l6)-6238 
Nucí. Sei. Abstr. 1962 (2) 426 

R. Valverde and J. P, Saenz (Facultad <^uim Montevideo, Uruguay) 
Production of Active Magnesium Oxide by Heating in Vacuum 
Nature 1^2, 653-4 (l96l) 
Chem. Abstr. ¿6 4364 
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R. I. Razouk and R. Sb. Mikhail (Ain Sbama Univ., Cairo) 
Surface Propartiaa of Ma^ne^ium^xid« II. ta of Magnoaium Oxido II. 

Cbem. Abetr. 17507; ¿4 1049 

Al. Braniaki, A. Kathrein, C. H. Lonaacu, and 8. Fruchter 
The Changos and Reaetiona of Magneaiuu Hydroxide From Sea Water in 

the Presence of a Mineral Flux During Calcination and Sintering 
Acad. Rep. Populare Roraine, Studii Cercetari Met. 6, 315-39 (l96lJ 
Chem. Abatr. ¿6 9726 

A. V. Bondarenko, V. F. Kiaelev, and K. G. Krasil'nikov 
Thermal Dehydration of Silica and Certain Properties of its Surface 
Dokl. Akad. Nauk SSSR 136, 1133-6 (l96l) 
Chem. Abatr. 56 14957 

K. H. McCorkle, A.T. Kleinateuber, C. E. Schilling, and 0. C. Dean 
(UaSt Atomic Energy Commiaaion) 

High-Density Compactible Thorium Oxide Particles 
U. S. 3,035,895 (5/22/62) Appl. 11/25/60 
Chem. Abstr. ¿ 9322 

R. C. Asher and S. J. Gregg (Wash. Singer Labs., Exeter, Engl.) 
Production of Active Solids by Thermal Decomposition XII. The 

Calcination of Hydrous Titania 
J. Chem. Soc. 5057-02 (i960) 
Chem. Abstr. ¿4 13809; ¿ 12787 

B. N. Melent'ev 
Conditions for the Production of Titanium Dioxide 
lavest. Akad. Nauk SSSR, Otdel. Tekh. Nauk, Met. i Toplivo, No. 4 

69-70 (i960) r 
Chem. Abstr. % III63 

P. Chenebault (Compagnie Generale de Telegraphie sans Fil, Paris) 
Preparation of UOo in Powder Room 
Appendix 1 of Sintered Uranium Oxide: Sintering Technique and 

Behavior Under Irradiation 
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E. Delmas (Centre d* Etudes Nue leal r*;s, Grenoble, France) 
Nev Developments Concerning Uranium Oxides 
Powder Metallurgy in the Nuclear Age. Plansee Proceedings 19^1 
Eeutte/Tyrol, Metallwerk Plansee Ag., 63-71 (1962) 
Nucl. Sei. Abstr. 1963 (l) 256 

R. Caillat, M. Delange, R. Hauser, and J. Sauteron (France. 
Commissariat a l'Energie Atomique. Centre d'Etudes Nucléaires, 

Saclay) 
The Creation of a Uranium Oxide Industry, from the Laboratory 

Stage to a Pilot Plant 
CEA-1670 (1961) 
Nucl. Sei. Abstr. 1961 (9) 2880 

Y. S. L'urie 
On Methods of Production of Portland Clinker 
Cement-Wapno-Gips 14 (25) 197-201 (1958) 
Chem. Abstr. 

A. E. Skeikin 
The Composition and Structure of Portland Cement Clinker 
Tr. Mosk. Inst. Insh, Zhelesnodor. Transp No. 140, 142-68 (1962) 
Chem. Abstr. ¿2 12107 

H. Hashimoto (Chiba Univ., Matsudo) 
Rate of Thermal Decomposition of Polycrystalline Solids 
Nippon Kagaku Zasshi 82, 1605-11 (l96l) 
Chem. Abstr. 32 109 “ 
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I. B. Micctikaya, N. I. Vitrikhovakii, and V. D. Puraanko 
Effect of Growing Conditiona of CdS and CdSa Singla Crystala on 

Cham, Abatr. ¿6 78 

K. Honuua, S. Koahi, and H. Sakabe 
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Cham. Abatr. ¿4 20332 I 
S. W. Bradstreet and J. S. Griffith (Armour Research Foundation . 

of Illinois Institute of Technology) 
Fine Particle-Sise Metal Oxides a 
U. S. 2,900,244 (8/18/59) 1 
Cham. Abatr. 54 854 «I 

I 
J. A. Bedvall (Tech. Univ., Gotaborg, Swad.) 1 
Effect of Nonreacting Gasea on Technical Processes and on Formation j 

of Minerals / , v I 
Planseeber. Pulvermat. ^ 4-10 (l96l) | 
Cham. Abatr. 56 6898 I 
C. R. Morelock (Gen. Elec. Research Lab.) | 
Sub-Micron Whiskers by Vapor Deposition f 
Acta Met. 10, l6l-7 (1962) 
Chem. Abstr. ¿6 15003 

S. A. Amirova, V. V. Pechkovskii, and A N. Ketov j 
Thermodynamics of the Reduction of Barium, Calcium, Magnesium, Zinc, 



PREPARATION OF PARTICLES BY MELTING AND SOLID STATE REACTIONS 

Prtparation*®! Sitraraffactory Compound* with Zirconium Bast by 

Congr\*intern?*chim? pure at appl., l6a Pari« (1957) 
Mem. sect. chim. minerale, 647-54 (Pub. 1958) 
Cham. Abstr. ¿4 18921 

F. S. Hur» (Gen Elec. Research ^6.) 
Diffusion-Limited Growth "f Precipitate Particles 
J. Appl. Phys. 20, 1518-25 (1959) 
Chem. Abstr. 227707 ; 2Í1 1026 

H. W. Newkirk (Gen. Elec. Co., Hanford Atomic Products Operation) 
Induction Melting of Uranium Dioxide Powder 

HW-59740 (3/23/59) .. 
Nucl. Sei. Abstr. 1961 (4) 1199 

H. Matsuo (Nippon Telegraph k Telephone Public Corp., Tokyo) 
Crystallinity Studies of Polychlorotrifluoroethylene by the 

Infrared Method. II. Kinetics of the Crystallisation 

Bull. Chem. Soc. Japan 32( 1184-8 (1959) 
Chem. Abstr. 22 6881; ¿I 2191* 

G. R. Rigby 
Reactions in the Solid State and their Application to Refractory 

Trans. Intern. Ceram. Congr. 7th London, Bagl., 153-61 (i960) 
(Pub. 1961) 

Chem. Abstr. ¡6 8321 

G. M. Schwab and R. V. Ammon (Univ. Munich, Ger.) 
Changes in the Surface During Solid-State Reactions 
Z. Metallk. 22, 583-7 (l96l) 
Chem. Abstr. 56 9677 

V. Prochaaka and E. Navara 
Preparation of Metal Powders by Atomisation in a Granulating 

Apparatus 
Sbornik Ved. Prac Vysokcj Skoly Tech, v Kosiciach 2i No. 1, 169-84 

(1961) 
Chem. Abetr. 11325 

M. M. Pavlyuchenko and M. P. Gilevieh 
Chemical Exchange Reactions in Solid Phases and the Contact 

Between the Reacting Particles of Solids 
Doklady Akad. Nauk SSSR 122, 64ft-50 (l96l) 
Chem. Abstr. 2á 1°963 



G. P. Popov and G. I. Chufarov 
Aotivitieo, Heats, and Entropies of Mixing in NiPeoOi.-Fs-rOt 

solid Solutions * 4 ' 
Dokl. Akad. Nauk SSSB 141, 877-9 (l96l) 
Chem. Abstr. ¿2 2934 V 

Sh Lí^ei* iC®ntral ®e8#arc*1 Inst., Budapest) 

of ÍÍsed0Si?!citííÍMr* “d °f Conpo8ition on th' Crystallisation 
Acta Chim. Acad. Sei. Hung. 22, 1-25 (i960) 
Chem, Abstr. ¿4 23235 ' 

L. 0. Meleshko (inst. Building Architecture, Minsk) 

PeruMters '.} I r“P"“»r« ““ Cry.tUlU.tl.» 

^«‘“ííurí'ij^ui ^ B,lor“' SS8 2’ 9. U*-« (1940) 

J. Vandemaels 

mo"t2Uot5;i3r,“tUrl“‘ Pr0C**‘ “ C,“>-«‘«i.tl.. «d Proptrti«» 

l666-7° (1960) 

Yo*an^ft“mhan (Indian Inst. Sei., Bangalore) 
Studies on the Brookite-Butile Formation * ^ 

ci.Ütóííí:S’¿9Í{,4U)-■ **•2’^-9 <1962) 
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Hila. SI 
Hll. PROPERTIES OF INDIVIDUAL PARTICLES 

SHAPE, DENSITY 
ee also H12a) 

R. J. Bard, 0. E. Fry, and R. W. Kewish (Los Alamos Sei. Lab.) 
Specific Surface and Bulk Density of UgOg and UO2 as Factors in UF4 

Production on the 230-Gram Uranium Scale 
U. S. At. Energy Coma. LA-1834 (1954) 
Chem. Abstr. ¿2 

M. J. Root 
Measuring Particle Size 
Aerosol Age 2, No. 8, 21, 60 (1957) 
Chem. Abstr. 3789 

V. Vecerikova, F. Bares, and VI. Charvat 
Determination of Particle Sizes of Less than 0.O6 mm. 

II. Sedimentation Methods 
Sbirka Praci Vyikumn. Ustavu AS, No. 17-26, 87-109 (1957) 
Chem. Abstr. ¿ 9986 

G. Kortum (Tubingen) 
Light Absorption by Solids 
Spectrochim. Acta, Suppl, 534-41 (l957) 
Chem. Abstr. ¿4 8280 

E. V. Donat 
Determination of Particle Size with Gravimetric Separators 

(Elutriators) 
Prom. Ventilyatsiya, Vsesoyuz. Nauch.-Issledovatel. Inst. Okhrany 

Truda, Sbornik Statei No. 6, 67-77 (1957) 
Chem. Abstr. % 25389 ' 

D. Delic, M Tecilasic-Stevanovic, and N. Petrovic (Tehnol. fak. 
Belgrade, Yugoslavia) 

Granulometric Composition of Clays 
Glasnik Khem. Drushtva, Beograd 22, 245-51 (1957) 
Chem. Abstr. ¿4 3899 — ' ' 

J. Jaray 
Determination of the Particle Size Distribution of Sedimentary Rocks 

with the Hydrometer Method ^ 
Banyaszati Kutato Intezet Kozlemenyei 2, 54-65 Í1957) 
Chem. Abstr. ^ 67OO v 

N. Mori 
The Method of Measuring Particle Size by 

Spectra 
Oyo Butsuri 22, 564-9 0958) 
Chem. Abstr. ^ 5819 

the Higher-Order Tyndall 



G. D. Joglekar and B. R. Marathe (Nati. Phye. Ub., New Delhi) 
Nomograph» for Partiole-Sice Analyeis by Sedimentation and 

Permeability Methode 
J. Sei. Ind. Research (india) 17B, 232-5 (1958) 
Chem. Abetr. ^ 1891 

R. J. Fries (Mellon Inst.) 
The Determination of Particle Size by Adsorption Methods 
Am. Soc. Testing Materials Spec. Tech. Publ. 234, 259-78 (1958) 
Chem. Abstr. ^ 36 

V. A. Buck (Marconi Instruments, Ltd.) 
Application of Flying-Spot Microscopy to the Counting and Siting of 

Small Particle» 
U.S. At. Energy Comm. TID-7568 (Pt. 3), 89-97 (1958) 
Chem. Abstr. ¿2 17632 

N. basai, M, Kakudo, and T, Watace (Univ. Osaka) 
Study of the Structure of Finely Dirided Solidé by X-Ray Small-Angl< 

Scattering—Particle-Siae Determination of Silica Gel 
Technol. Repta. Osaka Uniw, 8, 443-53 (1958) 
Chem. Abstr. ¿2 17624 ” 

I. A. Vainehenker 
Study of Highly Dispersed Particles by Means of an Electron 

Microscope 
Obogashchenie Rud 2, No. 2, 35-6 (1958) 
Chem. Abstr. 2§ 943 

T, Takada (Kyoto Univ.) 
Effect of Particle Siie and Shape on the Color of Ferric Oxide 

Powders 
Funtai oyobi—Funmatsuyakin 4, 160-8 (1958) 
Chem. Abstr, 22 2725 

U. Muller (Deut. Akad. Wies., Berlin-Adlershof) 
Improved Adjustable-Height Pipet for the Measurement of Particle 

Size 
Chem. Tech. (Berlin) 10, 663-4 (1958) 
Chem. Abstr. 22 9733 
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P. Connor, W. H. Hardwick, and B. J. Laundy 
Determination oí Particle Sise by Beta-Back-Scattering 
J. Appl. Chem. (London) 9, 525-31 (1959) 
Chem. Abatr. ¿4 2881 

K. E. Francis and R. G. Sovden (At. Energy Research Estab., Harwell, 
Engl.) 

The Microstructure of Plutonium Dioxide Prepared by Various Methods 
At. Energy Research Estab. R2939 (1959) 
Chem. Abstr. ¿4 1974 

L. Feret 
Comparative Tests of the Determination of Specific Gravity and 

Blaine Specific Surface 
Rev. Matériaux construct, et trav. publ. C, No. 529, 221-30 (1959) 
Chem. Abstr. ¿4 3907 

G. Simmons (Harvard Univ.) 
Photoextinction Method for the Measurement of Silt-Sized Particles 
J. Sediment. Petrol. 29, 233-45 (1959) 
Chem. Abstr. ^4 976 ' 

Seoul Natl. Univ., Korea) 
of P 

M. V. Hong ( 
Rapid Method f__ _ _ 

Pharmaceutical Powder 
dr tho Determination of Particle Size of the 

Pharmaceutical Powder 
Seoul Univ. J. 8, 325-34 (1959) 
Chem. Abstr. 

E. Loos (S.aub- und Silikoeebekampfungsstelle Steinkohlenbers- 
bauvereins, Essen, Ger.) * 

The Sedimentation Balance 
Staub 19, 39Z-8 (1959) 
Chem. IBstr ¿5 25381 

A. K. Gupta 

J*rÁ¿pi’ ci«.'2*1Í87-9by(l959rnUtl<’° in * Un‘!‘Arm 
Chem. Abstr. ¿TÍ941 

Th.í5f!;¡;ÍÍSh íl8ra#1iIn;t* Technol., Haifa) and A. R. Steinherz 
The Direct Measurement of Particle Shape 
Chem. and Ind. (London) 1418 (1959) 
Chem. Abstr. ¿4 6255 ' 

G. V. Vosseller (Nikok Chems., Inc.) 
Charts Help You Estimate Particle Properties 
Chem. Eng. 66, No. 14, 149-50 (1959) 
Chem. Abstr. Q I947O 
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A. PeUrlin and M. Ribaric (j. Stefan Inet., Ljubljana, Yugoslavia) 
Dynamic Theory of Electrosedimentation 
J. Chem. Phys. 31. 759-6? (1959) 
Chem. Abstr. ¿4T107 

S. Okuda and I. Uei 
Particle-Sise Determination 

Immersion Method 
Yogyo Kyokai Shi ¿7, 321-5 (1959) 
Chem, Abstr. 55 62^ 

(Kyoto Kogei Seni Daigaku) 
of Fi “ ‘ ine Powders by the Heat-of- 

str. 

M. R. Harris and K. S. W. Sing (Roy. Tech. Coll., Salford, Engl.) 
Adsorption of Nitrogen on Nonporous Silicas 
Chem. k Ind. (London) 487-8 (1959) 
Chem. Abstr. 19514 

L. L. Lyon, G. R. Crocker, and J. S. Dahler (Univ. of Wichita) 
Physical Adsorption and the Surface Areas of Carbon Blacks 
Proc. Confs. Carbon, Buffalo 4th, 71-7 (1959) (pub. I960) 
Chem. Abstr. ¿5 14011 

F. Hofmann 
Determination of Specific Surface Area, Grain Shape, and Grain 

Structure of Foundry Sand structure of Foundry band 
Giesserei 47, 49-56 (l96o) 
Chem. AbstrT ¿4 14046 

N. Kasai 
Study on the Structure of Finely Divided Solids by X-Ray Staall-Angl 

Scatte ing. II. Particle-Sise Determination of Carbon Black 
Technol. Repte. Osaka Univ. 10, 833-7 (i960) 
Chem. Abstr. ¡2 6799; % 14W) 

Gj. Dexelic and J. P. Kratohvil 
Determination of Sise of Small 

Kollo 
Experiments on LudoxXolloidal Silica 
' id-Z. 173. 38-48 (i960; 

(Univ. Zagreb, Yugoslavia) 
Particles by Light Scattering. 

-Z. 
Chem.Abstr 

B. E. Warren (Massachusetts Inst, of Technol.) 
X-Ray Measurement of Grain Sise 
J. Appl. Phys. 21, 2237-9 (i960) 
Chem. Abstr. 2¿11992 



P. Connor and W. H. Hardwick (At. Enorgy Research Estab., Harwell, 
Engl.) 

Use oi Radioactivity in Particle-Sise Dotermination 
Ind. Chemist 36, 427-33 (i960) 
Chem. Abstr. ¿5 

H. H. Hausner and R. Ring (Sylvania Corning Nuclear Corp.) 
Effect of Powder Particle Sise on the Grain Sise of the Sintered 

Material „ . , . 
Planseeber. Pulvernet. 8, 2S-36 (i960) 
Chen. Abstr. ¿2 18482 

0. Lauer (Technikum der Alpine Akt,-Ges., Augsburg, Ger.) 
The Use of Precision Microsieves in Particle Sise Determination 

0) 

S. Z. Lewin, J. C.Sheridan, E. J. Hewitt, F. L. Acampora, A. N. Panos, 
E. M. Knitl, and F. Maliha (Evans Research and Develop. Corp.) 

Development of a Beta-Ray Particle Size Analyser 
U. S. At. Energy Comm. NYO-2655 (i960) 
Chem. Abstr. ¿2 7935 

J. Pouchly (Vysoka skola chemicko-technol., Prague) 
The Kinetics of Adsorption from Solutions III. The Effect of 

Adsorbent Particle Shape 
Collection Czechoslov. Chem. Communs. 25, 1397-1412 (i960) 
Chem. Abstr. 1020; 20410 

I. I. Strizhevskii and S. P. Kal'manovich 
Determination of Grain Properties and Specific Surface of Calcium 

Carbide Particles Varying in Size 
“ * ’ssledovatel. Inst. Avtogen. Obrabotki Metal. 

V. L. Zolotavin, V. V. Vol'khin, and V. V. Rezvushkhin (S.M. Kerov 
Ural Polytech. Inst., Sverdlovsk) 

Effect of Freezing on the Properties of Metal Oxide Hydrates. 
I. Influence of Freezing and Thawing Conditions on Properties 

of Iron Hydroxide 
Kolloid. Zhur. 22, 395-13 (i960) 
Chem. Abstr. 55T2002 



G. W. Phelpa and J. S. Dannia (United Clay Minee Corp.) 
Particle Siee of feldspar and FJintjja a Factor in Slip Behavior 

¡. 44. 149** 
CheE. Abetr. 12798 ^Î96l) 
J. Am. Ceram. Soc. 

W. C. HcCrone (McCrone Aeeoci.) 
Microscopic Idoütificâtion of Single Particles 
Microchem. J. 
Chem. Abetr. 58 

Symp. 
8 107 

Ser. 1, 181-200 
»731 

(1961) 

A. D. Genkin and N. V. Korolev (State Optical Inet., Leningrad) 
The Determination of Small Mineral Graine in Oree 
Geol. Hudn. Meetoroshdenii No. 5» 64-79 (196U 
Chem. Abatr. ¿6 2173 

New Method of Determining the Apparent Specific Gravity of Powdered 

Dokl? Akad. Nauk Belorueek. SSR No. 8, 336-8 (l96l) 
Chem. Abatr. ¿2 9224 

y H C o vi 11 e r 
Apparatus to Meaaure the Number and Siie of Suapended Particlea in a 

Liquid and to Study their Dietribution and Other Propertiea 
Ger. 1,118,503 (ll/30/6l) U. S. Appl. 1/9/59 
Chem. Abatr. 36 9918 

stems . , . 
261,748 (1961) 

L. A. Papazian (Wayne State Univ.) 
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F. H. ifcRitchie (Refractories Fellowship, Mellon Institute) 
Pressure Distribution in Dry Pressing of Refractories 
Presented at 65th ACS 
Am. Ceram. Soc. Bull. 42 (4) 1963 237 



Flb^. Descriptions of equipment 

C. E. Adams (Denison Engineering Co.) 
Hydraulic Press 
u. s. 2,618,833 (11/25/52) 
Ceram. Abstr. 1953 (5) 88 

S. Stanislav 
Model Shop for Dry-pressing Precision Ceramics 
Ceram. Age (l) 15-19 (1954) 
Ceram. Abstr. I955 (5) 89 

L. Kupchinsky 
Achieving Quality Control vith Hydraulic Presses 
Ceram. Age 6l (3) 14 (1956) 
Ceram. Abstr. 1962 (l) l6 

K. Geppert (Kugelfischer Georg Scharfer & Co.) 
Method of and Device for Pressing Grinding Wheel Blanks 
u. s. 2,830,320 (4/1S/58) 
Ceram. Abstr. I958 (7) 163 

R. G. Frank (F. J. Stokes Corp.) 
Proportional Pressing 
U. S. 2,888,715 (6/2/59) 
Ceram. Abstr. I959 (9) 248 

J. W. Ludovici 
Dry-pressing and the Dry Press 
Bull. Soc. Franc. Ceram. No. 53 49 (1961) 
Brit. Ceram. Abstr. I962 (7) 195A 

R. Rusev 
Semidry Pressing in Floating Mold 
Stroitel. Material! i Silikat. Prom. 2 (4) 17-19 (1961) 
Ceram. Abstr. I962 (2) 39 

H. Apfelbeck 
A New Method of Mechanized Production of Plates 
Keram. Z. 14 72 (1962) 
Brit. Ceram. Abstr. 1962 (9) 254A 
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Fie. FLEXIBLE MOLD PRESSING 
(Isostatic; polymeric die liners) 

B. A. Jeffery (to Champion Porcelain Co.) 
Method of and Apparatus for Shaping Articles 
U. S. Patent 1,863,854 (6/21/32) 

H. W. Daubenmeyer (to Champion Spark Plug Co.) 
Elastic Mold and Method of Molding Material 
U. S. Patent 1,983,602 

B. A. Jeffery (Champion Spark Plug Co.) 
hfethod of and Apparatus for Molding Materials 
U. S. 2,152,748 4/4/39 (4/17/36) 
Ceram. Abstr. 1939 (6) 162 

B. A. Jeffery (to Champion Spark Plug Co.) 
Preparing and Molding Material 
U. S. Patent 2,251,454 (8/5/4l) 

L. R. McCreight 
Laboratory Hydrostatic Pressing Chamber 
Am. Ceram. Soc. Bull. 22 (4) 127-29 (1951) 
Ceram. Abstr. 1951 (6) 109 

L. R. McCreight 
Processing Studies of Pure Oxide Bodies 
J. Am. Ceram. Soc. 37 (8) 378-85 (1954) 
Ceram. Abstr. 1954 To) 163 

tXiiSJLL • • 

Unique "Isostatic Process" Marks Manufacture of Coora High Density 
Grinding Media 

Ceram. News 6 (4) 20-22 (1957) 
Ceram. Abstr. 1957 (9) 208 

W. D. Kingery 
Hydrostatic Molding 
Ceramic Fabrication Processes: The Technology Press of Mass. In¬ 

stitute of Technology and John Wiley & Sons, Inc. 70-73 (1958) 

H. W. Newkirk, Jr. and R. J. Anicetti (General Electric Co. ) 
Fabrication of Uranium Dioxide Fuel Element Shapes by Hydrostatic 

Pressing 
Contract W-3i-l09-Eng-52 (8/1/57) 
Nucl. Sei. Abstr. 1958 ( ) 1178 



H. W. Newkirk, Jr. and R. J. Anicetti 
Fabrication of Uranium Dioxide Fuel Element Shapes by hydrostatic 

Pressing 
Am. Ceram. Soc. Bull. % (ll) Vri-75 (1958) 
Ceram. Abstr. 1959 (l) 12 

C. Kavashima, S. Salto, and M. Kato 
Fundamental Studies on Pressing of Powder by Hydrostatic Pressing 

Method: I, Studies on Pressing of TiC-Co System Cermet 
Funtai oyobi Funmatsuyakin 5 (l) 18-25 (1958) 
Ceram. Abstr. i960 (V) 95 

W. D. Anderson 
Hydrostatic Pressing of Alumina Radones 
PB Rept. 131565 
U. S. Govt. Research Repts. 22 (3) 125 (1958) 
Ceram. Abstr. I96I (l) 17 

Anon. A New Division for the West's Oldest and Largest Ceramic 
Firm 

Ceramic News 10 No. 2 12 (1961) 
Brit. Ceram. Abstr. 1961 (8) 287A 

W. D. Anderson (Gladding, McBean & Co.) 
Method of Making Dense Refractory Objects 
U. S. Patent 3,016,598 (16/1/62J 
Brit. Ceram. Abstr. 1962 (7) 216a 

L. E. Mong and D. M. Adelman 
Control of Factors Affecting Reproducibility of Mechanical Prop¬ 

erties of Refractory Semidry Press Specimens 
J. Am. Ceram. Soc. 4l (7) 267-72 (1958) 
Ceram. Abstr. 1958 TB) 201 

W. D. Johnston 
Isostatlc Pressing Gains Favor 
Ceram. Age 76 (5) l4-l8 (i960) 
Ceram. Abstr. I96I (9) 219 

225 



A. K. Smalley, W. C. Riley, and W. H. Duckworth 
AlpO-3-clad UOp Ceramics for Nuclear-fuel Applications 
Am. Ceram. Soc- Bull. ¿2 (T) 359-61 (i960) 
Ceram. Abatr. i960 (9) 210 

C. Hyde, A. Rudnick, M. J. Snyder, and W. H. Duckworth (Battelle 

Investigation of Sinterahle Powdera and Ceramics Made From Them 
Fourth Quarterly Report IO/1/61--12/29/61 (2/12, 62) 
Contract AF 33(6l6)-7733 

* — l* Nucl. Sei. Abstr. 19¿2 (5) 1356 

M. J. Snyder, A. A. Rudnick. W. H. Duckworth, and C. Hyde 
(Battelle Memorial Inst.) , , w 

Investigation of Sinterahle MgO Powders and Ceramics Made From 

Contract AF 33(6l6)-7733 (6/62) 
Nucl. Sei. Abstr. 1963 (3) 858 

G. S. Blockh, L. G. Brodskii, R. M. Zaionts, E. L. Rokhvarger, and 

Semidry Pressing of Ceramic Sever Pipe by the Hydrostatic Method 

Steklo i Keram. l8 (4) 24-2T (1961) 
Ceram. Abstr. 1SS2 (2) 37 

P. B. Archibald (Univ. Of California, Livermore) 
Isostatic Solvent Pressing 
Ind. Eng. Chem 53 737-8^(^/61) 
Nucl. Sei. Abstr. 19¿2 (2; 

P. B. Archibald (to U. S. Atomic Energy Commission) 
Method for Solvent-isostatic Pressing 
U. S. Patent 3,054,147 (9/18/62) 
Nucl. Sei. Abstr. I962 (ll) 4045 

C. F. Schaefer and J. Z. Stoia (General Motors) 
Isostatic Molding Apparatus 
Patent U. S. 3,034,101 (5/15/62) 
Ceram. Abstr. 1962 (9) 220 

226 



D. G. Loomis (Loomis Engineering & Mfg. Co.) 
Isostatic Pressing as a High Production Process 
Am. Ceram. Soc. Bull. 42 (4) 233 (19^3) 

V. Perrero and S. F. Riunite 
Process and Device for Molding Brick, etc. 
Fr. 1,047,303 (7/22/53) 
Ceram. Abstr. 195^- (ll) 200 

V. D. Yashin, N. A. Golushko, and V. G. Ipatov 
Pressing Articles from Powdered Bodies in a Rubber Mold 
Ogneupory 21 (3) 135-38 (1956) 
Ceram. Abstr. 1959 (l) 19 

B. E. Vassiliou 
Simple Laboratory Method for Making Crucibles and Other Shapes 
Trans. Brit. Ceram. Soc. ¿6 (lO) 516-I8 (1957) 
Ceram. Abstr. 1959 (9) 260 

T. W. Penrice 
Compaction of Powders Using Molds Made from Reversible Gels 
Powder Metallurgy 1^8 No. 1-2 79-84 (1958) 
Ceram. Abstr. 1962 (TJ 176 

P. Popper, ed. 
Special Ceramics. Proceedings of a Symposium Held at the British 

Ceramic Research Association 
Academic Press, Inc. i960 
Nucl. S . Abstr. 1962 (8) 2506 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
4th Quarterly Report 6/6I--9/61 (II/61) 
Nucl. Soi. Abstr. 1962 (7) 2169 

R. Hauser (Compagnie Industrielle des Combustibles Atomiques 
Frittes) 

New Developments Concerning the Technology of Uranium Oxide 
Powder Metallurgy in the Nuclear Age. Plansee Proceedings 1961 
Reutte/Tyrol, Metallwerk Plansee AG., 1962 519-28 





Fid. VACUUM-ASSISTED PRESSING 

Philips Electrical Industries, Ltd. 
Manufacture of Ceramic Moldings 
Brit. 719,1*98 (12/IM) 
Ceram. Afcstr. I958 (6) 146 

0. Funke 
One Hundred Years of the Pug Mill 
Ziegelind 2 (l) 9-II (1956) 
Ceram. Abstr. I956 (6) 120 

F. V. Kondrashev 
Vacuum Treatment of Ceramic Powders During Pressing 
Steklo 1 Keram. 19 (5) 19-21 (1962): Glass Ceram (USSR) (English 

Transi.) 251-54 
Ceram. Abstr. 1963 (4) 106 



«W 

Fie. EXTRUDING COLD, DRY POWDERS 

W. J. Kramers (Ot. Brit. Ministry of Supply. Materials Research 
Div ) 

Review of the Refractory Sulphides. The Preparation of Cerium Ses 
quisulphide Ceramics 

June 1952 
Nucl. Sei. Abstr. 1957 (7) 77^ 

M. R. Horne 
Elastic-plastic Theory of Containers and Liners for Extrusion 

Presses , . ^ . . 
Proc. Inst. Mech. Engrs. (London) 163 107-22 (1955) 
Ceram. Abstr. 1956 (2) 59 

D. G. Loomis 
Hydraulic Extrusion Press 
u. s. 2,702,409 (2/22/1955) 
Ceram. Abstr. 1955 (5) 90 

A. N. Novikov 
Plastic Shaping of Ware of Monomineral Composition by the use of 

Paste 
Ogneupory 22 (l) 12-21 (1957) 
Ceram. Abstr. i960 (l) 7 

H. Z. Schofield, W. H. Duckworth, and R. E. Long (Battelle 
Memorial Inst.) 

Fabrication of Beryllia Shapes by Ceramic Extrusion 

5/1/49 Decl. 2/13/57 
Contract W-T405-eng-92 
Nuc. Sei. Abstr. 1958 (l) 218 

C. Hyde 
Vertical Extrusion of Nonclay Compositions 
Ceramic Fabrication Processes: The Technology Press of Mass. In- 

stitutc of Technology fluid John Wiley & Sons, Inc. 107-111 (1958) 

Compagnie Industrielle des Céramiques Electroniques, Paris 
Uranium Oxide Extrusion 
Quarterly Report No. 1 (12/15/59) ^ __ 
EURATOM Contract EUlÿC/l323/3/59 EURATOM/U.3.A. Agreement Proposal 

No. 37 ,,, 
Nucl. Sei. Abstr. 1961 (7) 2237 
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Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
vllle, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
Quarterly Report No. 3 (6/15/60) 
Contract 001-59-9-RDF 
Nucl. Sei. Abstr. I962 (5) 13^8 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
Quarterly Report No. 2 (3/15/60) 
Contract O3O-6O-9RDF 
Nucl. Sei. Abstr. (7) I962 23^2 
Nucl. Sei. Abstr. (7) I961 2387 

Compagnie Industrielle des Combustibles Atomiques Frittes, par 
Orsay Seine-et-Oise, France 

Uraniun Oxide Extrusion 
Draft of Final Report 
EURATOM Contract EUR/C/1323/3/59 (i960?) 
Nucl. Sei. Abstr. 196I (7) 238U 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
Tr’lle, par Orsay (Seine-et-Oise), France 

Production of Mixed Oxide Pellets by Sintering in Air 
Quarterly Report No. 2 (nd.) 
Contract 014-60-9RDF 
Nucl. Sei. Abstr. I962 (6) I953 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Extrusion of Uranium Oxide Rods 
Quarterly Report No. 3 (4/61—6/61) 
Contract O3O-60-9HDF 
Nucl. Sei. Abstr. I962 (7) 2342 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
Quarterly Report No. 4 (9/15/60) 
Contract 001-59-9-RDF 
Nucl. Sei. Abstr. I962 (5) 1348 
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Ccmpftgnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
Quarterly Report No. 6 (1/61--3/61) 
Contract 030-60-9RDF 
Nucl. Sei. Abstr. I962 (?) 2169 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
Final Report (1/61) 
Contract 001-59-9-^ 
Nucl. Sei. Abstr. I962 (5) 13^8 

Compagnie Industrielle des Combustibles Atomiques Frittes, par 
Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
Quarterly Report No. 1 (second year) (12/15/60) 
EURATOM Contract EUR/308l/60f 
Nucl. Soi. Abstr. 19bl (?) 238? 
Nucl. Soi. Abstr. I963 v3) H38 

Compagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

The Extrusion of Uranium Dioxide; Technique of Extrusion 
CEND-153 Vol. II II5-29 
Nucl. Soi. Abstr. 19¾ 00 1^51 

A. Porneuf (Compagnie Industrielle des Combustibles Atomiques 
Frittes) 

The Extrusion of Uranium Dioxide. Physico-Chemical Properties of 
Extruded Uranium Dioxide 

CEND-153 Vol. II 131-^ 
Nucl. Sei. Abstr. I963 M 1^51 

C. L. Brown and T. A. Mroz (General Electric Co. Aircraft Nuclear 
Propulsion Dept.) 

Camber Study of Extruded Tubes 
Contract AT(ll-l)-171 (2/22/1960) 
Nucl. Sei. Abstr. I962 (5) 13^8 
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W. E. Bally (Westinghouse Electric Corp. Atoeiic Power Dept.) 
1¾ Fuel Fabrication by Extrusion 
For Carolinas Virginia Nuclear Power Associates, Inc. 
Contract AT(30-1)-2289 (2/1/60) 
Nucl. Sei. Abstr. I963 (3) H38 

E. A. Hawk Sr., E. A. Hawk Jr., and P. P. Marchiano 
Apparatus for Forming Composite Extruded Articles 
U. S. Patent 2,902,786 (I2/6/60) 
Ceram. Abstr. 196I (4) 96 

Aeroprojects, Inc. 
Applications of Ultrasonic Energy. Task 1. Ultrasonic Chemical 

Processing. Task 2. Ultrasonic Metal and Ceramic Powder Proces¬ 
sing. Task 3. Ultrasonic Instrunentatlon 

Progress Report No. 22 (6/1/6O—7/31/60) 
Changed from OFFICIAL USE ONLY 6/23/61 
Contract AT(30-1)-1836 
Nucl. Sei. Abstr. I962 (l) 249 

Aeroprojects Inc. 
Applications of Ultrasonic Energy. Task 1. Chemical Processing 

Task 2. Metal and Ceramic Powder Processing. Task 3> Ultrasonic 
Instnanentation 

Progress Report No. 19 (l2/l/59--l/3l/6o) 
Contract AT(30-l)-l836 
Nucl. Sei. Abstr. I96I (ll) 3513 

Aeroprojects, Inc. 
Applications of Ultrasonic Energy. Task 1. Ultrasonic Chemical 

Processing. Task 2. Ultrasonic Metal and Ceramic Powder Proces¬ 
sing. Task 3‘ Ultrasonic Instrumentation 

Progress Report No. 24 (10/1/60—II/31/60) 
Contract AT(30-1)-1836 
Nucl. Sei. Abstr. I96I (9) 3040 

W. B. Tarpley, K. H. Yocon, R. Pheasant (Aeroprojects, Inc.) 
Ultrasonic Extrusion; Reducatlon in Vehicle and Plastleiter Require 

msnts for Non-clay Ceramics 
Contract AT(30-1)-1836 (il/Öl) 
Nucl. Scl. Abstr. I962 (5) 1555 



V. I. Likhtman, N. S. Gorbunov, I. 0. Shat&lova, and P. A. Hebinder 
(Inst, of Physical Chemistry, Academy of Sciences, USSR) 

On the Vibrational Increase of Density in Powder Metallurgy 
Doklady Alead. Nauk S.S.S.R. 13^ (lO) H50_2 (i960) 
Nucl. Sei. Abstr. 1961 (^) 993 

L. Meny, J. Buffet, and C. Sauve 
Powder Sintering and Extrusion for the Fabrication of U-Al and 

UO2—Stainless Steel Dispersion Fuel Elements 
Plansee Proc. 4th Seminar Reutte/fyrol (1961) 
Translated by J. V, L, Hopkins (U.K.A.E.A.) 
Nucl. Sei. Abstr. 1962 (lO) 3612 

Couçagnie Industrielle des Combustibles Atomiques Frittes, Corbe- 
ville, par Orsay (Seine-et-Oise), France 

Uranium Oxide Extrusion 
4th Quarterly Report (2nd year) (6/61--9/61) 
EURAEC-195 
Nucl. Soi. Abstr. I962 (7) 2169 

R. Hauser (Compagnie Industrielle des Combustiblea Atomiques 
Frittes, Domaine de Corbeville, Orsay, France 

New Developments Concerning the Technology of Uranium Oxide 
Powder fetallurgy in the Nuclear Age. Plansee Proceedings 1961 
Reutte/fyrol, Metallwerk Plansee AO. 1962 519-28 
Nucl. Sei. Abstr. 1963 (l) 259 

Allis-Chalmers Mfg. Co. Nuclear Power Dept. 
Extruded Ceramic Nuclear Fuel Development Program 
Final Report (1/23/61) 
Contrsæt AT(11-1)-767 
Nucl. Soi. Abstr. 1961 (5) 1479 

Allia-Chalmers Mfg. Co. Nuclear Power Dept 
Extruded Ceramic Nuclear Fuel Development Program 
Final Report, Phase II (6/15/62) 
Contract AT(ll-l)-767 , 
Nucl. Sei. Abstr. 1963 (2) 457 



W. J. O'Leary & R. S. Miller (Allis-Chalmers Mfg. Co. Atomic 

Energy Div.) 
Extrusion of UOg and Th02-tX^ Nuclear Fuels 
CEND0153 Vol. H 135-5^ 
Nucl. Sei. Abstr. I963 (^) 1^51 

L. Navi as 
Extrusion of Refractory Oxide Insulators for Vacuum Tubes 
J. Amer. Ceram. Soc. 1¿ (k) 23b (1932) 



nt. DIELESS COMPACTUW; POWDER ROLLING 

S. Shapiro (Martin Co.) 
A New Fabrication Technique for the Production of Stainless Steel 

Oxide Dispersion Fuel Elements 
A/CONF-15/P/784 
Nucl. Sei. Abstr. 1958 ( ) l8l6 

Anon. 
Continuous Process for Fabricating Thin Sheet Ceramic Parts 
Ceram. News 8 (6) 17 (1959) 
Ceram. AbstrT 1959 (ll) 288 

H. H. Hausner 
Powder Metallurgy in Nuclear Engineering 
Funtai oyobi Funmatsuyahin 6 (l) I-18 (1959) 
Ceram. Abstr. i960 (7) 160 

K. H. Moyer and I. Sheinhartz (Sylvania-Corning Nuclear Corp.) 
Feasibility Study for Direct Rolling of Beryllium Powders 
Final Report 10-5/59--11/30/59 (1/60) 
Contract NOHD-170I7 
Nucl. Sei. Abstr. I962 (lO) 3612 

Anon. 
Continuous Compaction 
Materials in Design Eng. ¿1 (l) 14, 159 (i960) 
Ceram. Abstr. i960 (6) 143 

F. Ekley (Westinghouse Electric Corp.) 
large Sintered Bodies and Parts 
Powder Metallurgy: Academic Press, 389-401 (1961) 
Nucl. Sei. Abstr. I961 (9) 3083 

W. H. Lenz and C. E. Peterson (Los Alamos Scientific Lab.) 
The Powder Rolling of Molybdenum and Tungsten 
Contract W-7405 ENG-36 (6/61) 
Nucl. Sei. Abstr. 19Ó2 (2) 4l8 

J. W. Lingafelter (General Electric Co.) 
Fabrication of Stainless Steel Clad Uranium Dioxide Fuel Elements 

by Tandem Rolling 
Trans. Am. Nuclear Soc. 4 No. 1 (6) I5I (I961) 
Nucl. Sei. Abstr. 1961 (5) 2736 i-t 



J. W. Lingafelter (General Electric Co.) 
Fabrication of Fuel Hods by Tandem Rolling 
Contract AT(o4-3)-36l (7/6l) 
Nucl. Sei. Abstr. 1962 (5) 13^9 

Brit. Ceram. Abstr. 1961 (8) 287A 

R. C. Hagan (Gladding, MeBean and Co.) 
Method for Continuous Manufacture of Ceramic Sheets 
U. S. Patent 3,007,222 (II/7/61) 
Ceram. Abstr. 1962 (4) 93 

J. J. Fargo (Gladding, McBean and Co.) 
Sunmary Report on Development of Flat Plate Ceramic Fuel Elements 

J. J. Fargo (International Pipe and Ceramics Corp.) 
Fabrication of Thin Uranium Dioxide Plates by a Powder Rolling 

Process 
Presented at 63th ACS Presented at 63th ACS 
Am. Ceram. Soc. Bull. jÆ (U) 269 (1963) 

J. Dasher (Crucible Steel Co. of America) 
Rolling Mill (for Metal Powder) 
U. S. Patent 3,010,1½ (II/28/61) 
Ceram. Abstr. I962 (5) 122 

B. J. Trlffleman (Curtiss-Wright Corp.) 
Method of Manufacturing Homogeneous Carbides 
U. S. Patent 3,013,875 (12/19/62) 
Ceram. Abstr. I962 (6) 1Ù2 

J. H. Westbrook 
High-temperature Materials in the Soviet Union 
Metal Progress & (2) 97-101 (1962) 
Ceram. Abstr. 19¾ (7) I68 
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National Research Council. Materials Advisory Board 
State of the Art on Powder Metallurgy 
Fourth Progress Report by the Panel on Casting and Powder Metal 

lurgy 0/28/62) 
Nucl. Sei. Abstr. I962 (9) 3l80 



VIBRATORY COMPACTING; JOLTING 
(see also Flh) 

W. E. Hauth and H. Ac Wilhelm (Anas I«h.) 
Fabrication of Large Beryllia Crucibles 
Nuclear Science and Technology ^51-^ 
Extracts from Journal of Metallurgy and Ceramics» Issue Nos. 1 

to 6, 7A8--1/51 , x 
Nucl. Sei. Abstr. 1958 ( ) 2153 

W. C. Bell (North Carolina State Coll.) 
Research on Vibratory Compacting of Metal and Ceramic Powders 
Quarterly Report No. 3 (IO/2O/52—1/20/53) 
Project No. 52-67OA-83 
Contract AF33(6l6)-73 , x 
Nucl. Sei. Abstr. 1957 (12) l480 

W. C. Bell, R. D. Dillender, H. R. Lominac, L. W. Long, and E. 0. 
Manning 

Vibratory Compacting of Metal and Ceramic Powders 
U. S. Air Force, Air Research and Development Command, WADC Tech. 

Rept. No. 53-193 (V53) 
Ceram. Abstr. 195^ (^ 13 

W. C. Bell, R. D. Dillender, H. R. Lominac, L. W. Long, E. 0. 
Manning (North Carolina State Coll.) 

Vibratory Compacting of Metal and Ceramic Powders 
Period Covered: 4/20/53--^/20/5^ 
Task title : Ceramic and Cermet Research 
Contract AF-33(6l6)-73, 
Ceram. Abstr. 1957 (lO) 1237 

W. C. Bell and J. R. Hart (North Carolina State Co]!.) 
Vibratory Compacting of Metal and Ceramic Powder« 
Quarterly Report No. 10 (lo/l/54--l/l/55) 
Project No. 7350 
Contract AF33(6l6)-73 , . 
Nucl. Sei. Abstr. 1958 (l) 25 

W. C. Bell and J. R. Hart (North Carolina State Coll.) 
Vibratory CoMPecting of Metal and Ceramic Powder« 
Quarterly Report No. 11 (1/2/55--^/2/55) 
Project No. 7350 
Contract AF33(616)-73 , . 
Nucl. Sei. Abstr. 1958 (l) 25 



W C Bell 
An Introduction to the Vibratory Compaction of Powders 
Ceramic Fabrication Processes: The Technology Press °£ 

stitute of Technology and John Wiley & Sons, Inc* “77 v195ö/ 

G. Helm 
Use of Shaking Procedures in Ceramics v _ . 
Sprechsaal 88 (lo) 221-3; (ll) 243-5; (12) 266-9 (1955) 
Ceram. Abstr. 1956 (6) 120 

H. R. Hoge (Westinghouse Electric Corp. Atomic Power Div.) 
An Interim Report on Vibratory Packing for the Period of October 

I95U to April 1955 
Decl. 3/19/57 
Nucl. Sei. Abstr. 1958 (l) 223 1 

P. N. Kudryavtsev 
hfechanical Molding of Silicon Carbide Electric Heating Elements 
Ogneupory 2¿ (^) 156-9 (1958) 
Ceram. Abstr. 1958 (9) 238 

To Société Belge pour l'Industrie Nucléaire 
Nfenufacture of Fuel Elements for Nuclear Reactors 
Belgain Patent 584,990 (n/25/59) 
Nucl. Sei. Abstr. I96I (6) 2070 

J. J. Hauth (General Electric Co.) 
Vibration-compacted Ceramic Fuel Elements (Invention Report) 

6/9/59 
Nucl. Sei. Abstr. 1961 (5) 1484 

J. E. Brown (General Electric Co.) 
Swage Compaction of Ceramics. Unique Fabrication Technique Utilized 

to Advantage in Production of UO2 Fuel Elements 
Ceram. Age No. 1 (l) 20-4 (i960) 
Nucl. Sei. Abstr. I962 (l) 253 

J. J. Hauth (General Electric Co.) 
Vibrationally Compacted Ceramic Fuels 
Contract AT(45-l)“1350 (1/IO/61) 
Nucl. Sei. Abstr. I96I (8) 2624 
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J. J. Hauth (General Electric Co. Hanford 
Vibration-compacted Ceramic Fuels 
Nucleonics 20 (9) 50-4 (1962) 
Nucl. Sei. Abstr. 1962 (il) 4o44 

~ ;"v ■ ■ 

Atomic Products Operation) 

J. J. Hauth and R. J. Anicetti (USA-AEC) 
Method of Preparing a Fuel Element for a Nuclear Reactor 
U. S. Patent 3,067,117 (12/4/62) 
Nucl. Sei. Abstr. I963 (3) 1141 

J. J. Hauth (OSA-ABC) 
Vibration Compaction 
U. S. Patent 3,042,594 (7/3/62) 
Ceram. Abstr. I962 (lO) 248 

J. J. Hauth (General Electric Co. Hanford Atomic Products Operation) 
Fabrication Techniques for Packed-powder Fuel Elements 
CEND-153 Vol. I 11-12 
Nucl. Sei. Abstr. I963 (4) 1449 

General Electric Co. Hanford Atomic Products Operation 
IV. Ceramic Uranium Fuel 
HW-74761 41-47 
Nucl. Sei. Abstr. I963 (3) 97o 

R. K. Koler and R. E. Sharp (General Electric Co. Hanford Atomic 
Products Operation) 

Fabrication of Plutonium-bearing Ceramic Fuel Elements by Vibrational 
Compaction 

Contract AT(45-1)-1350 (1I/9/62) 
Nucl. Sei. Abstr. I963 (5) I918 

R. K. Koler and R. E. Sharp (General Electric Co.) 
Fabrication of Plutonium-bearing Ceramic Fuel Elements by Vibra¬ 

tional Compaction 
Trans. Am. Nucl. Soc., 5 (ll) 543-4 (1962) 
Nucl. Sei. Abstr. I963 (2) 500 



d. H, Bloomster, R. £. Bardsley, and W. f, Ross Electfiö 
Co. Hanford Atomic Products Operation) 

An Incremental Loading Process to Control PlutoniUS Bnrichaaflt 
in Mechanically-mixed Oxide Fuel Systems 

Contract AT(1i5-1 )-1350 (ll/l/6s) 
Nucl. Sei. Abstr. I963 (5) I9IT 

Combustion Engineering, Inc. Nuclear Div. 
The Development and Testing of the U0« Fuel Element System 
Quarterly Report (9/1/60-II/30/60) U2/6o) 
Contract AT(30-1)-2379 
Nucl. Sei. Abstr. I961 (6) 1087 

Combustion Engineering, Inc Nuclear Div. 
The Development of the UOg Fuel System 
Quarterly Report (12/1/60—2/28/61) (3/61) 
Contract AT(30-1)-2379 
Nucl. Sei. Abstr* I962 (ll) 4o46 

Combustion Engineering, Inc. Nuclear Div. 
Vibratory Compaction of Double Annular Fuel Elements for NÜ9Ü 

Critical Experiment 
Contract AT(ll*l)-795 (2/61) 
Nucl. Sei. Abstr. 1962 (ll) 4o42 

B. E. Murtha and W. P. Cbemock (Combustion Engineering, íüé. 
Nuclear Div. 

The Development and Testing of the UOg Fuel Element System 
Summary Report (6/61) 
Contract AT(30-1)-2379 
Nucl. Sei. Abstr. I9Ó2 (5) 1432 

B. E. Murtha and W. P, Chernock (Combustion Engineering, Inc. 
Nuclear Div.) 

The Development and Testing of 0¾ Fuel Systems for Water Reactor 
Applications 

Quarterly Report (7/6I-9/61) (10/27/61) 
Contract AT(30-I)-2863 
Nucl. Sei. Abstr. 1962 (8) 2720 
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B. E. Murtha and W. P. Chernock (Combustion Engineeringt Inc. 
Nuclear Dlv.) 

The Development and Testing of UOg Fuel Systems for Water Reactor 
Applications 

Quarterly Report No. 2 IO/61—12/61 (1/62) 
Contract AT(30-1)-2863 
Nucl. Sei. Abstr. I962 (l2) 4215 

Combustion Engineering, Inc. Nuclear Div. 
Symposium on Powder Racked Uranium Dioxide Fuel Elements 
Vol. I II/50/6I-12/1/61 
Contract AT(30-1)-2379 
Nucl. Sei. Abstr. I963 (4) 1448 

Ccxnbustion Engineering, Inc. Nuclear Div. 
Symposium on Powder Packed Uranium Dioxide Fuel Elements 
voi. n 11/30/61-12/1/61 
Contract AT(30-1)-2379 
Nucl. Sei. Abstr. I963 (4) 1450 

R. C. Brayer and B. E, Murtha (Combustion Engineering, Inc. 
Nuclear Div.) 

Pneumatic Vibratory Compaction of UO2 
CEND-153 Vol. I 45-59 
Nucl. Sei. Abstr. I963 (4) 1449 

E. I. Veil and R. H. Gale (Combustion Engineering, Inc. Nuclear 
Div.) 

Fabrication of UOg Fuel Elements by the 'Vibswage' Process 
CEND-153 Vol. I 137-47 
Nucl. Sei. Abstr. 1963 (4) 1449 

B. E. Murtha and W. P, Chernock (Combustion Engineering, Inc. 
Nuclear Div.) 

The Development and Testing of UOg Fuel Systems for Water Reactor 
applications 

Third Quarterly Report 1/62—3/62 
Contract AT(30-1)-2863 
Nucl. Sei. Abstr. I963 (5) I917 
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Babcock and Wilcox Co. Atomic Energy Div. 
Development and Testing of Low Cost Fuel Elements for Power Reactor 

Service 
6/2/61 
Nucl. Sei. Abstr. I962 (l) 323 

J. D, L. Harrison, E. Foster, and L. E. Russel (Atomic Energy 
Research Establishment) 

The Sintering Behavior of Mixed UOg and Pu02 Powders 
Powder Metallurgy in the Nuclear Age. Plansee Proceedings I961 
Reutte/Tyrol, Metallwerk Plansee AG. 1962 lUO-65 
Nucl. Sei. Abstr. I963 (l) 256 

J. Servais and C. Descaraps (Centre d'Etude de l'Energie Nucléaire 
and Société Belge pour 1'Industrie Nucléaire) 

Sonic and Ultrasonic Compaction of UO2 
Contract 027-60-7RDB (ll/^0/6l) 
Nucl. Sei. Abstr. I962 (ll) 4042 

Aeroprojects Inc. 
Applications of Ultrasonic Energy. Task 1. Chemical Processing. 

Task 2. Metal and Ceramic Powder Processing. Task 3» Ultrasonic 
Instrumentation 

Progress Report No. 19 Covering 12/1/59—l/31/60 (3/60> 
Contract AT(30-1)-1836 
Nucl. Sei. Abstr. I96I (ll) 3513 

Aeroprojects Inc. 
Applications of Ultrasonic Energy. Task 1. Chemical Processing. 

Task 2. Ultrasonic Metal and Ceramic Powder Processing. Task 3* 
Ultrasonic Instrumentation 

Progress Report No 24. IO/1/6O--II/31/6O (12/60) 
Contract AT(30-1)-1836 
Nucl. Sei. Abstr. I961 (9) 3040 

W. B. Tarpley and R. Pheasant (Aeroprojects Inc.) 
Ultrasonic Filling of Tubular Cladding with Ceramic Fuel Powders 
Presented at 64th ACS 
Am. Ceram. Soc. Bull. 4l (4) 1962 
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B. E. Hurtha and W. P. Ctaernock (Combustion Engineering, Inc. 
Nuclear Div. ) 

The Development and Testing of 1¾ Fuel Systems for Water Reactor 
.Applications 

Progress Report, Period Ending 12/3l/6ß (1/63) 
Contract AT(30-1)-2863 
Nucl. Sei. Abstr. I963 (5) 1922 

C. E. Burdg, D. E. Nulk, B. E. Hurt ha, and W. P. Chemock 
(Combustion Engineering, Inc.) 

Vibratory Compaction of U02 Fuel Elements for Use In Critical Ex¬ 
periments 

Trans. Am. Nuclear Soc. 5 No. 1 (6) 237-8 (1962) 
Nucl. Soi. Abstr. 1962 I9) 3222 

W. Uhlmann (Aktlebolaget Atomenergi) 
The Vibratory Compacting of Powders, in Particular as spiled to 

Uranium Dioxide 
II/61 
Nucl. Sei. Abstr. 1962 (2) 419 

H. H. Hausner 
Pressurelesi Conmacting and Sintering Metal Powders 
J. Metals 12 (10) 752-8 (1961) 
Nucl. Sei. Abstr. I96I (12) 4193 

W. C. Pritchard, K. A. Johnson. J. A. Leary, and W. J. Mar aman 
(Los Alamos Scientific left.) 

Compaction and Sintering of PuOg-Mo Powder Mixtures 
Contract W-7405-ENG-36 (8/23/61) 
Nucl. Sei. Abstr. I962 (2) 4l8 

N. Quinn 
Zirconia Refractories—a New Approach 
Refractories Journal 32 (8) 236-7 (1961) 
Ceram. Abstr. 1962 (2) 39 

F. W. Caldervood, D. R. Wilder, and H. A. Wilhelm (Ames Lab.) 
The Jolt-pack Fabrication of Special Ceramic Ware 
Proc. Iowa Acad. Scl. 68 202-21 (1961) 
Nucl. Sei. Abstr. I962T1O) 3612 
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H. G. Marsh (Du Pont de Nemours (E.I.) 8c Co.) 
Fabrication of UO2 Fuel Elements by Vibrational Compaction 
Contract AT(07-2)-l (2/62) 
Nucl. Sei. Abstr. 19&2 (ll) ^042 

W. R. DeHolleuider (General Electric) 
Vibrational Compaction of Uranium Dioxide 
AEG Research and Development Report GEAP-4032 (3/1/62) 
Contract AT(o4-3)-36l 

W. R. DeHollander (General Electric) 
Particle Size Relationships in the Packing of UO2 
CEND-153 Vol. 1 75-83 
Nucl. Sei. Abstr. 1963 (4) 1449 

C. M. Ityer (General Electric) 
Powder Fuel Processing by Two-pass Swaging. The Effect of Particle 

Size and Distribution 
Contract AT(o4-3)-36l (4/10/62) 
Nucl. Sei. Abstr. I963 (2) 63I 

General Scientific Corp. 
Development of Unique Methods for Radioactive Source Fabrication- 

Vibratory Compaction 
Quarterly Progress Report I. (7/62) 
Contract AT(30-1)-2981 
Nucl. Sei. Abstr. I963 (5) 2164 

General Scientific Corp. 
Development of Unique Methods for Radioactive Source Fabrication-- 

Vibratory Compaction 
Quarterly Progress Report II. (10/62) 
Contract AT(30-1)-2981 
Nucl. Sei. Abstr. 1963 (4) 1643 

M. A. Feraday (Atomic Energy of Canada Ltd.) 
Cold Swaging UOg in Zircaloy; the Effect of Some Process Variables 

on Fuel Density and Sheath Integrity 
An Interim Report 
Nucl. Sei. Abstr. 1963 (4) 1449 
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Anon. 
Fuel Elements : Fabrication by Powder Compaction 
Power Reactor Technology 6 No. 1 26-3T 
Nucl. Sei. Abstr. 1963 (VT 1558 

W. B. Tarpley and R. Pheasant (Aeroprojects, Inc.) 
Ultrasonic Filling of Tubular Cladding with Ceramic Fuel Powder* 
CEND-153 Vol. II 163-9^ 
Nucl. Sei. Abstr. I963 OO 1^51 

J. D. Luooa, W. 0. Lussie, and K. R. Trosien (Argonne National 
Lab.) 

Fabricating Particulate Fuel Rods 
Unpublished to date: compiled 7/26/63 

S. D. Clinton, 0. C. Dean, W. S. Ernst, D. E. Ferguson, P. A. Haas, 
and K. H. McCorkle (Oak Ridge National Lab.) 

Preparation of High-density Oxides and Vibratory Compaction in 
Fuel Tubes. 

Contract W-7lU)5“eng-26 (2/13/61) 
Nucl. Sei. Abstr. 1961 (4) 1205 

P. Patriarca (Oak Ridge National lab.) 
Part I. Reactor Project Activities 
ORNL-3313 1-18 
Nucl. Sei. Abstr. 1962 (ll) 4045 

D. E. Ferguson, 0. C. Dean, and P. A. Haas (Oak Ridge National 
Lab.) 

Preparation of Oxide Fuels for Vibratory Compaction by the Sol- 
gel Process 

CEND-153 Vol. I 23-38 
Nucl. Sei. Abstr. 1963 (4) 1449 

W. S. Ernst, Jr. and R. L. Beatty (Oak Ridge National Lab.) 
Vibratory-compaction Studies at the Oak Ridge National Laboratory 
CEND-153 Vol. I 61-74 
Nucl. Sei. Abstr. I963 (4) 1449 



R. L. Eichinger (Allis-Chalmers Mfg. Co.) 
Vibratory and Swage Compaction of Small Diameter Stainless Steel 

Clad fuel Rods 
CEND-153 Vol. 1 1^9-62 
Nucl. Sei. Abstr. 1963 (4) 1449 

S. Takahashi and N. Asami (Mitsubishi Atomic Power Industries, 

Inc.) 
An Approach to Vibration Compaction of Uranium Diuxide 
Nippon Oenshiryoku Gakkaishi 5 (2) 133-40 (1963) 
Nucl. Sei. Abstr. I963 (6) 2444 



11^1)1^11111 ui iwfmm iiiiwmppupminniipi 

Flh. 

-T 

IMPACT FORMING j SWAGING 
(see also Fig, F23h) 

A. S. Bain, G, M. Allison, W. Evans, M. B. Watson, and E. Barnes 
(Atomic Energy of Canada Ltd.) 

The Failure of a Stainless Steel Clad Swaged Uranium Oxide Spec¬ 
imen in the X-2 Loop 

12/12/58 
Nucl. Sei. Abstr. 1959 (?) 1590 

Société Belge pour l'Industrie Nucléaire, Brussels and Brussels. 
Centre d'Etude de l'Energie Nucléaire 

The Use of Plutonium as Fuel in Nuclear Reactors 
Quarterly Report No. 1 7/15/6O—IO/15/6O 
Contract 027-60-7KDB 
Nucl. Sei. Abstr. I962 (7) 2417 

C. Sari and E. Jonckheere (Centre d'Etuies l'Energie Nucléaire) 
Depositing of Particles by Metalization in Vacuum 
Powder Metallurgy in the Nuclear Age. Plansee Proceedings I961 
Reutte/!fyrc.L, Metallwerk Plansee AG. 60O-l4 (1962) 
Nucl. Sei. Abstr. I963 (l) 2&> 

A. S. Ferrara (Du Pont de Neumours (E.I.) & Co.) 
Swaging of Uranium Dioxide Tubes. Part I 
Contract AT(07-2)-l (8/60) 
Nucl. Sei. Abstr. 1963 (6) 2442 

FIAT. Sezione Energia Nucleare 
Swaging of Uranium Oxide 
Quarterly Report No. 1 5/6O—7/31/60 
Contract 013-60-5RDI 
Nucl. Sei. Abstr. I962 (8) 2734 
Nucl. Sei. Abstr. I96I (7) 2237 

FIAT. Sezione Energia Nucleare 
Swaging of Uranium Dioxide 
Quarterly Report No. 2 8/1/6O—IO/31/60 (II/30/60) 
Contract EUR/c/434/60 I 
Nucl. Sei. Abstr. I961 (7) 2237 
Nucl. Sei. Abstr. 1962 (8) 2511 

FIAT. Sezione Energia Nucleare 
Swaging of Uranium Dioxide 
Quarterly Report No. 5 7/1/61-9/30/61 (10/31/61) 
Contract 059-61-7HDI 
Nucl. Sei. Abstr. I962 (7) 2343 
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FIAT. Sezione Energia Nueleare 
Swaging of Uranium Dioxide 
Quarterly Report No. 6 IO/1/61--12/31/^1 
Contract 059-61-7KDI 
Nucí. Scl. Abstr. 19^2 (8) 2512 

(1/31/62) 

FIAT. Sezione Energia Nucleare 
Swaging of Uranixan Dioxide ... 

Annual Report No. 2 7/1/61--6/30/62 (r/3l/62) 
Contract 059-61-7^1 
Nucl. Sei. Abstr. I963 i1*) 1^51 

FIAT. Sezione Energia Nucleare 
Swaging of Uranium Dioxide /, 
Quarterly Report No. 7 1/1/62--3/31/62 (^/30/6^) 
Contract 059-61-7-^1 .... 
Nucl. Sei. Abstr. 1962 (l2) 422^ 

FIAT. Sezione Energia Nucleare 
Cold Swaging of Uranium Dioxide 
CEND-153 Vol. I 163-9 /v ,, 
Nucl. Sei. Abstr. 1963 (M 1^9 

E. A. Lees (General Electric Co.) 
Fabrication of Fuel Elements by Swaging 
Trans, /tm. Nuclear Soc. ^ No. 1 (6) 151-2 (I96I) 

Sri. Abatr. 106l (B) 2736 

R. L. Brown (General Electric Co.) 
Swaging Over Unground Pellets 
Contract AT(o^-3)-36l (1/25/61) 
Nucl. Sei. Abstr. I961 (ll) 3613 

R. E. Bardsley and R. E. Sharp (General Electric Co.) 
Fabrication of UOg-PuOa Swage-Compacted Fuel Elements 
Trans. Am. Nucl. Soc. ¿ (ll) ^52-3 (1962) 
Nucl. Sei. Abstr. I963 (2) 500 

R. E. Bardsley and R. E. Sharp (General Electric Co.) 
Fabrication of UO2-PUO2 Swage Compacted Fuel Elements 
Contract AT(45-1)-1350 (u/62) 
Nucl. Sei. Abstr. I963 (5) 1918 
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M. Yokosuka, S. Takahashi, Y. Honda, and Y. Seki (Mitsubishi 
Atomic Power Industries, Inc.) 

On the Sheath Defects of Swaged UOj) Fuel Elements of Rod and Hol¬ 
low Types 

Fuel Element Fabrication with Special Emphasis on Cladding Mater¬ 
ials: Academic Press 55-72 (1961) 

Nucl. Sei. Abstr. I96I (lO) 3252 

F. Hofmann and B. Liebmann (Nuklear-Chemie und-Metallurgie G.- 
m.b.H.) 

First Quarterly Report on the Production of Swaged Oxide Fuel 
Elements 

5/1/60-7/30/60 
AEC149/EURATOM I32 
Nucl. Sel. Abstr. I96I (8) 2561 
Nucl. Sei. Abstr. I962 (8) 2511 

P. Hinmelstein, F. Hofmann, B. Liebmann, 0. Neumann, and L. Schaefer 
(Nuklear-Chemie und-Metallurgie G.m.b.H.) 

Fabrication of Uranium and Mixed Carbides and UC-Based Cermets, 
Corrosion Processing tod Property Tests 

Quarterly Report No. 4 4/^1--6/61 
Appendix i to NUKEM letter dated 7/31/61 
Contract (012-60-5RDA 
Nucl. Sei. Abstr. 1962 (7) 2343 

F. Hofmann, H. Kroll, and B. Liebmann (Nuklear-Chemie und-Metal- 
lurgie G.m.b.H.) 

Fabrication of Oxide Fuel Elements Using The Swaging Process 
Fourth Quarterly Report 4/6l—6/30/61 
Appendix 2 to NUKEM Letter to Euratom 7/31/61 
Nucl. Sei. Abstr. I962 (4) II80 

F. Hofmann and B. Liebmann (Nuklear-Chemie und-Metallurgie 
G.m.b.H.) 

Second Quarterly Report on the Formation of Qxidic Fuel Elements 
by Means of the Swaging Method 

8/1/6O-IO/31/6O 
ABC149/EURATOM 132 
Nucl. Sei. Abstr. I961 (8) 256I 
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Flm. FORMING AT SUPERPRESSURES (ABOVE 100,000 psi) 

G. V. ChillDgor tod L. Knight 
Relationship between Pressure and Moisture Content of Kaolinite, 

Uli te, and Montaorlllonite Clays 
Bull. Am. Assoc. Petrol. Qeologists 44 (l) 101-106 (i960) 
Ceram. Abstr. 1961 (4) 103 

P. W. Montgomery, H. Stromberg, and 0. Jura (Univ. of California) 
Sintering of Refractory Materials at Room Temperature by High Pres¬ 

sures 
Advan. Chem. Ser. ft 10-25 (1961) 
Nucl. Sei. Abstr. 1963 (2) 474 
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ZERO PRESSURE COID FORMING 

H. H. Hausner, D. P. Ferries, and F. W. Heck (Penn-Texas Corp. 
and Stevens Inst, of îtech.) 

Ccsapacting and Sintering of Metal Powders without the Application 
of Pressure 

Contract AT(30-1)-1991 
Nucl. Sei. Abstr. 1958 

i 
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H. H. Hausner (Polytechnic Inst.) 
Sintering Behavior of Loose Metal Powders 
Planseeher. Pulvermet. 9 (V) 26-32 (1961) 
Nucl. Sei. Abstr. I961 18) 2562 

F. V. Lenel (Rensselaer Polytechnic Inst.) 
The Cooiparison of Sintering Loose Metal Powders and Pressed Meted 

Powder Coopacts 
Progress Report $/1/62--2/28/63 (3/63) 
Contract AT(30-1)-2^08 
Nucl. Sei. Abstr. 1963 (6) 2W3 

H. H. Hausner 
Pressureless Conpactlng and Sintering Metal Powders 
J. Metals 13 (10) 752-8 (1961) 
Nucl. Sei. Abstr. I961 (12) 4193 

RHEOLOGICAL CONTROLS. RESPONSE OF MATERIAL 
(see Flb3, F20d) 



F2&. GENERAL 
F2-CQLD FORMING FROM PASTES (PLASTIC FORKING) 

H. S&loang 

Texture of Ceramic Ateríais 
Ber. Deut, keram. Oes. 30 (il) 247-51 (105¾) 
Ceram. Abatr. 1954 (7) ^ 953; 

F. H. Norton 
Warping and Its Control 

f1™'8“"; 1118 Ächnolog/ Pm.8 of Ma»,. In- 
a ti tute of ftchnology and John Wiley & Son., Inc, 115.^0 (1958) 

J. R. Castillo Vlliaamil 
Modern Methods of Forming Refractory Brick 
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d. PRESSING PLASTIC BODIES 

C. R. Amberg 
Slurry Process for Making Soft-mud Brick 
Am. Ceram. Soc. Bull. 32 (5) 1Ö3-5 (1953) 
Ceram. Abstr. 1953 (6) 121 

W. Mason 
Shaping or Finishing of Articles of Clay 
Brit. 715,815 (9/22/5¾) 
Ceram. Abstr. 1956 (l) 16 

E. M. Gibbs and J# Stout 
Story of Electrical Porcelain IV, Pugging and Pressing 
Ceram. Ind. 66 (5) 8t-6 (1956) 
Ceram. Abstr. 1957 (l) 15 

P. P. Budnikov 
Physicochemical Fundamentals of Ceramics—a Collection of Papers 
Scientific-Tèchnlcal Society of the Construction Material Industry 
1956 
Ceram. Abstr. 1958 (6) 105 

A. A. Korsakov 
Economic Advantages of the Semidry Method of Production 

Ogneupory ^ (?) 296-300 (1957) 
Ceram. Abstr. 1958 (7) 173 

R. E. Steele and A. R. Blackburn 
Method and Apparatus for Forming Holes in Ceramic Ware 
u. s. 2,818628 (1/7/58) 
Ceram. Abstr. 1958 (4) 95 

A. R. Blackburn and R. E. Steele (Ram., Inc.) 
Method of Molding Ceramic Ware 
U. S. Patent 3,010,176 (11/28/61) 
Ceram. Abstr. I962 (5) 120 



F2e. EXTRUDING CLAY-WATER PASTES 

E. Vogt 
Manufacture of Porcelain Tubes on Extrusion Presses 
Silikattech U (2) 82 (1953) 
Ceram. Abstr. 1953 (9) I63 

W. Avenhaus (Verlag Wilhelm Knapp) 
Mechanical Tile Production 
Í953 
Ceram. Abstr. 1953 (9) 160 

J. H. Weymouth and W. D. Williamson 
Effects of Extrusion and Some Other Processes on the Microstructure 

of Clay 
Am. J. Sei. 251 (2) 89-108 (1953) 
Ceram. Abstr. 195^ (l) 20 

J. 0. Everhart, K. E. Krill, R. E. Dine, and R. R. VanDer Beck 
(National Clay Pipe Research Corp.) 

Method and Apparatus for Forming Tubular Ceramic Bodies 
u. s. 2,671,939 (3/16/5^) 
Ceram. Abstr. 195^ (9) 162 

D. M. Baker 
Extrusion as u Method of Forming 
Ceram. Age. 64 (5) 41-42 (1954) 
Ceram. Abstr. 1955 (6) 109 

A. Puigdemont 
Extruding Thin Ceramic Plates. 
Cerámica (Sao Paulo) 1 (4) 184-87 (l955) 
Ceram. Abstr. 1956 (87 169 

J. G. Seanor 
Extraneous Factors that Affect the Operation of Clay Extrusion 

Dies 
Am. Ceram. Soc. Bull. 3¿ (9) 361-62 (1956) 
Ceram. Abstr. 1956 (ll) 243 

P. P. Rost and V. S. Fadeeva 
Shaping Components of a Band Press 
Steklo 1 Kerarn 12 (7) 16-23 (1956) 
Ceram. Abstr. 1959 (?) I88 
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L. R. Alt 
Extrusion Die Problems 
Am. Ceram. Soc. Bull. ¿6 (4) 137-38 (1957) 
Ceram. Abstr. 1957 (6) l40 

G. C. Robinson and J. J. Kellen 
Role of Water in Extrusion and Its Modification by a Surface 

active Chemical 
Am. Ceram. Soc. Bull. ¿6 (ll) 422-30 (1957) 
Ceram. Abstr. 1958 (l) 27 

V. S. Fadeeva 
Shaping Ceramic Ware from Plastic Clay Bodies 
Steklo i Kèram l4 h) 12-20 (1957) 
Ceram. Abstr. 1959 (6) l65 

F. J. Goodson 
Experiments in Extrusion 
Trans. Brit. Ceram. Soc. 58 (3) I58-87 (1959) 
Ceram Abstr. i960 (6) 143 

W. Gilbert 
Some Problems of Manufacture by the Wire-cut Process 
Trans. Brit. Ceram. Soc. 58 (ll) 629-44 (1959) 
Ceram. Abstr. i960 (9) 215 

E. B. Cornelius (Houdry Process Corp.) 
Method for Clay Extrusion 
u. s. 2,952,888 (9/20/60) 
Ceram. Abstr. I961 (l) 17 

J. 0. Everhard 
Thoughts on Die Design 
Ceram. Age ]6 (3) 29-31 (i960) 
Ceram. Abstr. I961 (4) 96 

J. G. Seanor 

f 

Brick Dies 
Journal of Canadian Ceram. Soc. 22 72-78 (i960) 
Ceram. Abstr. I962 (l) 7 
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E. Stutzky 
Defects In Mechanical Shaping and Their Remedies 
Ziegelind 1¿ (l4) 504-509 (i960) 
Ceram. Abstr. I96I (l) IT 

F. S. Entelia 
Determining Anisotropy and the Artificial Structural Properties 

in Plastic Ceramic Bodies 
Glass & Ceramics, Moscow l8 No. 2. 83 (1961) 
Brit. Ceram. Abstr. I962 T?) 128A 

British Ceramic Research Association 
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P2g. TURNING COLD PLASTIC BODIES 
(see also P2s, 02) 
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Ceram. Abstr. 1957 (l) 15 

K. H. Kohne 
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F3-COLD FORMING FROM SUSPENSIONS 
SLIP CASTING, GRAVITY, AND GENERAL 

(also see F3r) 
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Ceram. Abstr. 1954 (6) 142 

S. K. Chatterjee 
Slip Casting of Refractory Oxides by Acid Treatment 
Indian Ceramics 1 (4) 132-36 (1954) 
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Ceram. Abstr. 1955 (8) 145 

P. Murray, R. V. Thackray, P. Rado, and D. George 
Preparation and Properties of Slip-cast Calcium Fluoride Crucibles 
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Manufacture of Glazed Tile by Casting 
Steklo i Keram 1¿ (4) 29-32 (1956) 
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Ceram. Abstr. 1955 (9) I62 

272 



H. S&lmang 
Importance of Surface Tension in the Slip-casting Process 
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Am. Ceram. Soc. Bull. 42 (6) 3^0-^3 (1963) 
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F8-HI0H ENERGY RATE FOFKDIQ 
(see also 712m) 

D. Beck (United Kingdom Atenle Energy Authority) 
Explosive Forming. References to Unclassified Reports and Articles 

Published from l/57 to 9/60 vith a Supplement up to 12/60 

5/61 
Nucl. Sei. Abstr. 1961 (8) 2733 

Office of Technical Services 
Explosive Metal Forming. OTS Selective Bibliography 
SB-441 (Rev.) (12/61) 
Nucl. Sei. Abstr. 1962 (5) 1351 

K. M. Gibbs, comp. (Armed Services Technical Information Agency) 
Explosive Forming. An ASTIA Report Bibliography 

2/62 
Nucl. Sei. Abstr. I963 (3) H38 

H. P. Tkrdif (Canadian Armement Research and Development le« 

táblishment) 
Hje Explosive Forming of Conical Shapes by Metal Gathering 

2/58 
Nucl. Sei. Abstr. 1962 (ll) 3844 

A. Cross (Storchheim Research 4 Develop. Corp.) 
Explosive Compacting of Powder Products 
Iron Age 184 No. 26 48-50 (1959) 
Cbem. Abstr. 3H3 (i960) 

3. W. Porembka and C. C. Simons (Battelle Memorial Inet.) 
Compacting Metal Powders vith Explosives 
Creative Manufacturing Seminars, I96O-61 Paper AP60-102 
Nucl. Sei. Abstr. I96I (5) l48l 

Chromalloy Corp. 
Explosive Forming of Refractory Metals 
Bi-Monthly Report No. 6 6/1/6O—7/31/60 
Nucl. Sei. Abstr. 1961 (?) 2387 

(12/60) 

Chromalloy Corp. 
Explosive Forming of Refractory Metals 
Final Technical Report 6/30/59—9/30/60 
Contract ROas 59-6265 
Nucl. Sei. Abstr. 196I (7) 2387 

(12/31/60) 



G. A. Refmann (Westinghouse Electric Corp.) 
High Energy Rate Extrusion , . 
Interim Technical Progress Report No. 1 9/23/60--1/61 (2/61; 
Contract AF33(6oo)4l9W 
Nucl. Sei. Abstr. 1961 (5) 1707 

Y. Kimura 
Properties of Metallic Oxides formed by Explosives 
Funtai Qyobi Punmatsuyakin 8 (2) 58-62 (1961) 
Ceram. Abstr. I963 (6) 17^ 

F. C. Polhemus (Union Carbide Nuclear Co.) 
Explosive Forming of Metals 
Contract W-7405-eng-26 (3/24/61) 
Nucl. 3ci. Abstr. I96I (6) 2071 

Chronalloy Corp. Propellex Chemicstl Div. 
A Study of Explosive Forming Selected Refractory Metals 
Progress Report No. i: through 6/30/61 (7/15/61) 
Contract NOw 6I-O832-C 
Nucl. Sei. Abstr. I96I (lO) 3^25 

Ccnmonvealth Engng. Co. of Ohio 
Brit. Patent 872,024 (5/7/61) 
Brit. Ceram. Abstr. 1962 [2) 36A 

D. W. Brite (General Electric Co.) 
High Energy Impsw;t Forming of Ceramic Fuels 
Contract AT(45-l)-1350 (10/4/62) 
Nucl. Sei. Abstr. I963 (l) 265 

S 

Q. C. Carloni and L. Levis (Bridgeport Brass Co.) 
Dynapak Extrusion of I & E Fuel Elements. Phase II Technical Ac¬ 

tivity Alpha Phase 
Contract AT(30-l)-l405 (9/14/62) 
Nucl. Sei. Abstr. I963 (5) 2163 

Anon. 
Special Fabrication Techniques 
Reactor Materials ¿ No. 4 79-90 
Nucl. Sei. Abstr. 1963 (4) 1447 
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Anon. 
Special Fabrication Techniques 
Reactor Materials 6 No. 1 9^-110 
Nucl. Sel. Abstr. Ï963 (5) 22T3 

R. A. Cooley (Cromalloy Corp.) 
The Explosive Forming of Metals 
Chem. Rundschau (Solothurn) 295-6 (I960) 
Chem. Abstr. ¿4 20744 



FIO-FORMING GLASS 

FiOa. GENERAL 

meets in Photosensitive Oinsses 

Proc. IV Inti. Cong, on Giess 390-95 (1956) 

S. D. Stookey 

Cereni^Fahricatlon Processes: The Technology Press ^ 
Sltuû of Technology and John Wiley & Sons, Inc. 189 (1958) 

Cataiyted°Crystallitation of Glass in ^ 
Glas tech. Ber. 32K, V Inter. Cong, on Glass U959) 

S. D. Stookey 
Glass Ceramics ^ a£-\\ 
Chemical and Engineering News & 116 U9&U 

CerLc!Ce by Nucléation of Glass-Caparison of Microstructure 

to.tr^^es«osi«nr»^leatioCn8and Grystalisation in 

Glasses and Melts 1 (1962) 

S. D. Stookey 
Modern Glass 
Science and Technology 7/62 

Fin^Äcts^öÄV the Crystallisation of Glass (por- 

celain from glass) . 
Ind. usoar a (Bucharest) ¿ 63-5 (1958) 
Chem. Abstr. 668 

R. C. Anderson and A. - Glaag 

Glasses and Melts 29 (1962) 

A Thèoretical and ûcperimental Investigation of Nucléation leading 

^.ler^ÄÄÄ and C^stalllsation in 

Glasses and Melts 77 (1962) 



R. D. Maurer 
Crystallization of a Titania-Nucleated Glass 
Am! Ceram. Soc. Symposium on Nucléation and Crystallization in 

Glasses and Melts 5 (19^2) 

W. Vogel and K. Gerth 
Catalyzed Crystallization in Glass .... .. ,n 
ta. Ceram. Soc. Symposium on Rucleatlon and CrystallUatlon In 

Glasses and Melts 11 (1962) 
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FIO«. FOMENG GLASS INTO FIBERS 

(see also F26) 

C. J. Stalego (Owens-Corning Fiberglas Corp.) 
Method ajid Apparatus for Forming Glass Fibers 

U. S. 2,687,551 (8/31/5^) 
Ceram. Abstr. 1955 (l) 8 

M. M. Bourgeaux (Soc. Anon, des Manufactures des Glaces et Pro 
duits Chimiques de St. Gobain) 

Nfethod of and Apparatus for Producing Glass Fibers 

u. s. 2,708,813 (5/24/55) 
Ceram. Abstr. 1955 (lO) 179 

Office of Technical Services 
Fiber Glass and Glass Laminates. OTS Selective Bibliography 

Supplement to CTR-292 (9/6l) 
Nucl. Sei. Abstr. I962 (2) 430 

P. A. Lockwood (Owens-Corning Fiberglas Corp.) 
Investigations of Radioactive Fuel-bearing Glasses 

5/1/60-3/31/61 (7/31/61) 
Contract AT(30-1)-2489 
Nucl. Sei. Abstr. I963 (4) 1444 

P. A. Lockwood (Owens-Corning Fiberglas Corp.) 
Investigations of Nuclear Fuel-bearing Glasses 
Nucl. Sei. Abstr. I962 (lO) 3457 
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FlOh. DROPPING, BENDING OF GLASS 

A. F. Donovan, H. T. Jacquot, R. E. Richardson (Pittsburgh Plate 
Glass Co.) 

Glass Bending Mold 
U. S. Patent 2,961,801 (11/29/60) 
Cerao. Abstr. I961 (4) 86 

F. J. Carson (Libby Owens Ford) 
Glabs Bending Mold 
U. S. Patent 2,963,822 (12/13/60) 
Ceram. Abstr. 196I (M 86 
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Fll-FORMING BY MELTING AND CASTING OF NON-GLASSY 
CERAMICS IN BULK (FUSION CASTING) 

R. Reinhart 
Fused Mineral Bodies 
Sprechsaal (l8) 357-61 (l950) 
Ceram. Abstr. 1951* (2) 31* 

»d oast Ma^sita-Chro« Refractory 

Am. Ceram. Soc. Bull. (6) 176-9 (195 
Ceram. Abstr. 195^ (8) 

F R Duerr (Corhart Refractories Co.) À4.Anna 
^jld'fOT fusion-casting of Refractory Orlde Compositions 

U. 3. 2,705,851 (V12/55) 
Ceram. Abstr. 1955 (7) 120 

K. H. Sandmeyer (Carborundum Making Them 
Fused Cast Refractory Articles and Method or ^King 

U. S. 2,911,313 (11/3/59) 
Ceram. Abstr. i960 (5) H 

K. A. Litvakovskii Enmlish transi. I96I 
Fused Cast Refractories: Moscow, 1959, 

OTS 6O-52137 
Ceram. Abstr. 1963 W 123 

?. Bortaud 
Siectrocast Refractories . 
Silicates Industr 27^ 171 11962), 
frit. Ceram, tostr. 1962 (u) 323A 

,. M. Phillips, W. Chubb, and E. L. Poster (BatteUe «emorlal 

SUect^Castlng of Uranium React0r ^1 ^.«nts 

r. Less-Common Metals 7 
iucl. Sei. Abstr. I96I (5) 1^8° 

T _ . T j Stobo (C. A. Parsons and Co., Ltd.) 

Preparation and ^operties^f Wlum ^ 

= £ 279-93 (1*2) 
[Jucl• Sei. Abstr. 1963 (l) 258 
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J. Graue, F. B. Litton, and H. S, Kalish (United Nuclear Corp.) 
Arc Skull Melting and Casting of Uranium Carbide 
Am. Soc. Metals, Trans. Quart. 56 (3) 176-93 (I963) 
Nucl. Sei. Abstr, I963 (6) 2^39 

C. A. Smith and F. Rough (Atomics International Div., North Amer¬ 
ican Aviation, Inc./ 

Properties of Uranium Monocarbide 
Contract AT-11-1-GEN-8 (6/1/59) 
Nucl. Sei. Abstr. 1959 (9) 2060 

A. Accary and R. Caillat (Centre d'Etudes Nucléaires) 
Industrial Methods of Fabrication of Dense Uranium Monocarbide 
Powder Metallurgy in the Nuclear Age. Plansee Proceedings I961 
Reutte/lÿrol, Metallwerk Plansee AG. 231-^8 (1962) 
Nucl. Sei. Abstr. I963 (l) 257 

G. L. Hanna and D. N. Turner (Australia Atomic Energy Commission 
Research Establishment) 

Preparation of the Beryllides of Uranium and Thorium 
1/63 
Nucl. Sei. Abstr. 1963 (6) 2l(3T 

A. Stone 
Quality Control for Cast Refractories 
Ceram. Age JO (h) 20-1, 36 (1957) 
Ceram. Abstr. I962 (l) 10 

K. H. Sandmeyer 
Quality in Fusion-cast Refractories for the Glass Industry 
J. Can. Ceram. Soc. 28 38-40 (1959) 
Ceram. Abstr. i960 (TT I60 

T. E. Field and H. T. Smyth (Corhart Refractories Co.) 
Producing Fusion-cast Refractories 
u. s. 2,603,914 (7/22/52) 
Ceram. Abatr. I953 (2) 27 



D. H. Turner (Atomics International, Div. of North American 

Aviation, Inc.) „ „ 
Fabrication of Uranium Monocarbide Fuel Elements for Hallam Nu¬ 

clear Power Facility Exponential Experiments 
Contract AT(ll-l)-Gen-8 (2/15/62) 
Nucl. Sei. Abstr. 19&2 (6) 1958 

H. S. Kalish, F. B. Liton, and J. Crane (Olin Mathieson Chem¬ 

ical Corp.) 
Skull ffelting and Casting of Uranium Monocarbide 
Contract AT(30-l)-237^ ,(2/28/61) 
Nucl. Sei. Abstr. 19^2 (9) 31Ô3 



Fllf. GROWING SINGLE CRYSTALS FROM MELTS 

L. A. Dauncey (General Electric Co., Ltd.) 
Apparatus for Manufacturing Synthetic Jewels 
u. s. 2,692,^56 (10/26/54) 
Ceram. Abstr. 1955 (3) 54 

Anon. 
Synthetic Sapphires Competitive with Sintered Aluminas, Quartz 
Materials in Design Eng. 46 (3) 161 (57) 
Ceram. Abstr. 1958 (4) 86 

D. A. Jenny and R. V. Jensen (Radio Corp. of America) 
Kfethod for Single Crystal Growth 
u. s. 2,902,350 (9/1/59) 
Ceram. Abstr. i960 (l) 21 

J. Eckstein and Z. Jachtl 
Growing Single Crystals from a Molten Mass with a Linear Isotherm 
Czech?*94,996 (4/15/60) 
Chem. Abstr. (3) 2217 (1961) 
Ceram. Abstr. 1963 (2) 60 

F. G. Froemel, E. C. Worden, et al. 
Synthetic Mica Crystal Growth Program 
PB Rept. 155154 n ,,, 
U. S. Govt. Resesurch Repts. (^) 798 (I96I) 
Ceram. Abstr. I963 (l) 19 

R. T. Dolloff (Union Carbide Corp.) 
Method and Apparatus for Growing Crystals 
u. s. 3,053,639 (9/11/62) 
Ceram. Abstr. I963 (l) l6 

E. A. Giess w . _ 
Growth of Single-crystal MgGa204 Spinel from Molten PbOPbF2 

Solutions 
J. Appl. Phys. ¿3 (^^ 2143 (1962) 

R. A. Leudise 
Growing Oxide Crystals 
Bell Ub. Record 40 (7) 244-50 (1962) 
Ceiram. Abstr. 196J”(3) 86 
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Growth of Refractory Oxide Single Crystals 

J. Appl. Phys. ¿3 (5) 17^7-^9 U962) 
Ceram. Abstr. 19^3 (5) 

J. W. Nielsen (Bell Telephone lab.) 
Single Crystal Garnets 
U. S. 3,050,1*07 (8/21/62) 
Ceram. Abstr. 1963 (l) 21 

W. Shockley (Clevlte Corp.) 
tethod of Growing Silicon Carbide Crystals 

u. s. 3,053,635 (9/11/62) 
Ceram. Abstr. I963 (l) l6 

S. B. Austerman 
Growth of Beryllia Single Crystals 
J. Am. Ceram. Soc. 1*6 (l) 6-10 (1963) 
Ceram. Abstr. I963 TI) 87 



F12-FORMING BY HOT DEPOSITION 

Oak Ridge National lab. 
Ceramic Information Meeting Held at Oak Ridge National lab. on 

10/1,2,3/56 (V57) 
Nucl. Sei. Abstr. 1957 (7) 723 

N. N. Ault and L. H. Milligan 
Alumina Hadóme8 by Flame-spray process 
Am. Ceram. Soc. Bull. 38 (ll) 661-64 (1959) 
Ceram. Abstr. i960 (l) 7 

Norton Co. 
Ceramic Shells 
Brit. Patent 847,449 (7/9/60) 
Brit. Ceram. Abstr. I961 (3) IHA 

C. R. Mason, J. D. Walton, M. D. Bowen, and W. T. Teague 
Investigation of High Temperature Resistant Materials 
Quarterly Report No. l4 2/1/59—4/30/59 
Project No. A-212 
Contract NOrd-15701 
Nucl. Sei. Abstr. 1959 (8) 1951 

H. W. Newkirk (General Electric Co.) 
Continuous Arc Fusion of Uranium Dioxide Powder 

2/17/59 „. 
Nucl. Sei. Abstr. I961 (4) 1199 

C. R. Mason, J. D. Walton, C. A. Murphy, and A. T. Sales (Geor¬ 
gia Inst, of Tech.) 

Investigation of High Temperature Resistant Materials 
Quarterly Report No. l8 5/1/6O--7/31/6O 
Nucl. Sei. Abstr. I96I (lO) 3256 

N. E. Poulos, S. R. Elkins, and J. D. Walton (Georgia Inst, of 
Tech.) 

Investigation of High Temperature Resistant Materials 
Quarterly Report No. 20 2/1/61—4/30/61 
Contract NOrd-15701 
Nucl. Sei. Abstr. I961 (8) 2566 

D. R. Ifesh, N. E. Weare, and D. L. Walker (Advanced Tech. labs.) 
Process Variables in Plasma-jet Spraying 
J. Metals 13 473-8 (7) 1961 
Nucl. Sei. Abstr. I961 (9) 3080 

313 



m iwiiiiiiiwmiui 

.- 

R. Truesdale, B. B. Lympany, E. M. Grala, R. M. Paine, and W. W. 

Beaver (Brush Beryllium Co.) 
Investigation of the Effects of Processing Variables and Fabrication 

Techniques upon the Properties of Intermetallic Compounds 

Progress Report No. 3 IO/1/6O--I2/31/6O (1/15/61) 
Technical Report No. 197-229 
Contract AF33(6l6)-7108 
Nucl. Sel. Abstr. I96I (6) I898 

(General Electric Co.) 
on the Stability of Non-metallic 

J. W. Grenier (General Elec- 

on the Stability of Non-metallic 

D. G. Moore, A. G. Eubanks, H. R. Thornton, W. D. Hayes, Jr., and 
A. W. Crigler (National Bureau of Standards) 

Studies of the Particle Impact Process for Applying Ceramic and 

Cermet Coatings 
Final Suumary Report (4/6l) 
Contract AF33(6l6)-58-3r' 
Nucl. Sei. Abstr. I962 (7) 2164 

H. J. Hedger and A. R. Hall (Atomic Energy Research Establishment) 
Preliminary Observations on the Use of the Induction-Coupled Plasma 

Torch for the Preparation of Spherical Powder 

Powder Met. No. 8 65-72 (iS^l) 
Nucl. Sei. Abstr. I962 (3) 723 

B. E. Kramer and M. A. Levinstein 
The Effect of Arc Plasma Deposition 

Materials 
Bi-monthly Report No. 6 1-2/61 
Contract NOaa 6O-6076-C 
Nucl. Sei. Abstr. I96I (7) 2240 

B. E. Kramer, M. A. Levinstein, and 

trie Co.) 
The Effect of Arc Plasma Deposition 

Materials 
Final Report Covering 4/60--5/61 
Contract No NOas-6O-6076-C 
Nucl. Sei. Abstr. 1961 (9) 3078 
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. '1 T. S. Laszlo (Avco Corp.) 
Mechanical Adherence of Flame-sprayed coatings 
Am. Ceram. Soc. Bull. 40 (12) 751-5 (1961) 
Nucl. Sei. Abstr. 190272) 556 7 v ^ ; 
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A. R. Stetson and C. A. Hauck (Solar Aircraft Co.) 
Plasma Spraying Techniques for Toxic and Oxidizaole Materials 
J. Metals 1¿ (?) 479-82 (1961) 
Nucl. Sei. Abstr. I96I (9) 3080 

H. K. Orbach 
Ceramic Uses of Plasma Jet 
Ceram. Ind. 22 (5) 72-5 (1962) 
Ceram. Abstr. 1963 (3) 8l 

W. D. Klopp (Battelle Memorial Inst. Defense totals Information 
Center) 

Sunmary of the Fifth Meeting of the Refractory Composites Working 
Group 

Contract AF33(6l6)-7747 (3/12/62) 
Nucl. Sei. Abstr. I962 (7) 2345 

W. A. Gibeaut and D. J. Maykuth (Battelle Memorial Inst. Defense 
Metals Information Center) 

Summary of the Sixth Meeting of the Refractory Composites Working 
Group 

9/24/62 
Nucl. Sei. Abstr. I963 (l) 59 

T. Vasilos and G. Harris 
Impervious Flame-sprayed Ceramic Coatings 
Bull. Amer. Ceram. Soc. 4l 14 (1962) 
Brit. Ceram. Abstr. 196277) 214A 

M. Levy 
Refractory Coating Research and Development at U. S. Any ífeterials 

Research Agency (AMRA) 
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J. L. Bliton, H. L. Rechter, and Y. Harada (Illinois Inst, of 

Tech.) 
Flame Sprayed Zirconia Filins for Fuel Cell Components 

Am. Ceram. Soc. Bull. ^-2 (l) 6-9 (19^3) 
Nucl. Sei. Abstr. I963T3) H39 



F15-FORMING SPECIFIC SHAPES 
Fl5g. FORMING SHEETS, PLATES, FILMS 

Compagnie Generale de Telegraphie sans Fil 
Manufacture of Ceramic Articles 
Fr. 1,050,129 (8/26/53) 
Ceram. Abstr. 1951* (il) 205 

M. D. Heyman 
Means and Method for Producing Continuous Sheet of Integrated 

Mica 
u. s. 2,659,412 (11/17/53) 
Ceram. Abstr. 1954 (5) 93 

W. R. Weinberger and H. S. Kalish (Sylvania-Corning Nuclear Corp.) 
The Fabrication of Stainless Steel-UO2 Fuel Plates 
Presented at Nuclear Engineering and Science Conference, Chicago 

3/17-21/58 # x 
Nucl. Sei. Abstr. 1958 ( ) 1256 

S. I. Megeff and J. L. Zambrov (Sylvania-Corning Nuclear Corp.) 
Fabrication of Aluminum Plate-Type Elements Containing Uranium 

Dioxide as the Fuel 
Am. Inst. Mining. Met. Petrol. Engrs., Inst. Metals Div., Spec. 

Rept. Ser. ¿No. 7 25-8 (1958) 
Nucl. Sei. Abstr. 1959 (8) 1821 

B. E. Schaner (Westinghouse Electric Corp.) 
Fabrication of High-Density UO2 Fuel Platelets 
Am. Ceram. Soc. Bull. ¿8 494-8 (1959) 
Nucl. Sei. Abstr. I96I (10) 3426 

G. Dumoulin 
Casting in Thin Sheets : Its Use in the Manufacture of Dielectrics 

for Ceramic Condensers 
Bull. Soc. Franc. Ceram. No. 52 21-26 (1961) 
Brit. Ceram. Abstr. I962 (4) 93a 

G. B. Andreev, A. S. Deineko, I. Y. Malakhov, P. V. Sorokin, A. Y. 
Taranov (Inst, of Physics and Tech. Academy of Sciences) 

Pribory i Tekh. Ekspt. 6 No. 6 (H-12) 149-50 (1961) 
Nucl. Sei. Abstr. 1962 T5) 1555 

K. Ennerst, K. G. Backstein, and H. J. Hein (NUKEM Nuklear-Chemie 
und-Metallurgie G.m.b.H.) 

Manufacture of Fuel Plates for Research Reactors by the Coextrusion 
Technique 

Atcnwirtschaft, 6 (6) 325-32 (1961) 
Nucl. Sei. Abstr. I961 (9) 3080 
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A. H. F. Muggleton and F. A. Hove (Atmlc Weapon. Research Es- 

The^Prep^ation of Thin Self Supporting B^n Films 
Nuclear Instr. & Methods (9) 211-1^ (l9ol) 

Nucl. Sei. Abstr. 19^2 (3) 723 

J. J. Fargo (Gladding, “d“°^ate 0eraIllo Fuei Eluents 
Sunmary Report on Devel^nt ofFlatPlate Ceramic 

Technical Progress Report 2b (ö/2ö/bi; 

Contract AT(oU-3)-2ig 
Nucl. Sei. Abstr. 19^2 (8) 2831 

R. C. Ragan (Gladding, McBean and Co.) 
Method for Continuous Manufacture of Ceramic Sheets 

U. S. Patent 3,007,222 (II/7/61) 
Ceram. Abstr. 19^2 (^) 93 

J. L. Park (American Lava Corp.) 
Manufacture of Ceramics 
U. S. Patent 2,966,719 (3/l/6l) 
Brit. Ceram. Abstr. I96I (6) 233 

N. A. Frigerio (Argonne National Lab.) 

Fabricating Thin Neutron 
Nucleonics 20 No. 3 78 (1962) 
Nucl. Sei. Abstr. I962 (5) 1350 

R Moreh (Israel Atomic Energy Cosnisslon) and D. Samuel 

Preparation of Thin Targets of 
¿Tsoi. Instr. a (11) 1292-3 (1962) 
Nucl. Sei. Abstr. 1963 (3) 771 

J. T. Thompson (Steatite Div. American Lava Corp.) 

Ifcthods of Forming Thin Ceramics 
Presented at 6Lth ACS 
Am. Ceram. Soc. Bull. 1^1 (^) 1962 

F¿rmátlonar.d Application of Porous Metal or Geramic Sheet 
Technical Publication of Sylvanla Electronic Tubes (5/63) 
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E. K. Muller, B. J. Nicholson, and M. H. Francombe 
The Vapor Deposition of BaTiOj by a Grain-by-Orain Evaporation 

Electrochemical Technology 1 (5_6) ^-50 (1963) 

J. C. Williams, W. R. Sinclair, and S. E. Koonce 
Preparation of Thin Mullite Films 
J. Am. Ceram. Soc. h6 (4) 161-67 (19^3) 
Ceram. Abstr. 19^3 T^) 1^5 
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FORMING LAMINATES 
(also see F15g) 

R. K. Francis, R. Brown, E. P. McNamara, and J. R. Tinklepaugh 

(State Univ. Coll, of Ceramics, Alfred) 
Metal-Ceramic Laminates 
8/1/56-7/31/57 and II/1/57-IO/31/58 
Project and Task. Title : High Temperature and High Stress Char¬ 

acteristics of Ceramics and Cermets 

Contract AF33(6l6)-3798 
Nucl. Sei. Abstr. 1959 (9) 2l80 

Office of Technical Services 
Fiber Glass and Glass Laminates OTS Selective Bibliography 

Supplement to CTR-292 (9/6l) 
Nucl. Sei. Abstr. I962 (2) 1*30 



FI5k. FORMING SPHERES, PELLETS 

E. W. Drakengren (AB Malordalens Tegelbruk) 
Forming of Hollow Ceramic Spheres 
Swed. 147,383 (7/31/50) 
Ceram. Abstr. 1955 ( 9) 163. 

B. K. Frederiksen _ . - 
Process and Apparatus for the Preparation of Balls, etc., of Uniform 

Size and Shape 
Fr. 1,032,462 (3/25/53) 
Ceram. Abstr. 195** (T) 130 

W. Mason 
Shaping or Finishing of Articles of Clay 
Brit. 715,815 (9/22/54) 
Ceram. Abstr. 1956 (l) l8 

H. C. Brassfield (General Electric Co.) 
Production of Pebble-type Fuel Elements 
Contracts AF33(038)-21102 and AT(ll-1)-171 
Nucl. Sei. Abstr. 19^2 (3) 767 

(6/55) Decl. 6/16/61 

H. C. Brassfield and C. T. Durham (USA-AEC) 
Method of Fabricating Small Spherical Pellets 
U. S. Patent 2,872,719 (2/10/59) 
Nucl. Sei. Abstr. 1959 (8) 1833 

J. R. Fisher and M. D. Rigterink (Bell Telephone labs., Inc.) 
Formation of Expanded Silica Spheres 
u. s. 2,883,347 (4/21/59) 
Ceram. Abstr. 1959 (8) 218 

Doulton & Co. Ltd. 
Forming Articles of Plastic Material by Rolling 
Brit. Patent 855,739 (7/12/60) 
Brit. Ceram. Abstr. I961 (6) 232A 

i. H. Brett, J. D. L. Harrison, and L. E. Russell 
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M. D. Mohr and R. S. Mnllonk (B. I. du Pont de Nemours! Oo., Inc.) 
Flow, Power Requirements, and Pressure Distribution of .luid in 

a Screw Extruder 
Chem. Abstr. I66IO 

335 

■ ... 
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Nucl. Sei. Abstr. I962 (7) 2169 

S. J. Paprocki, E. S. Hodge. P. J. Gripshöver, and D. C. Carmichael 
(Battelle Memorial Inst.) 

Fabrication of a Compartmentsd Flat-plate Ceramic ^ 
Fuel Element Fabrication with Special Qnphasis on Cladding Matterials. 

Academic Press Vol. 1 203-300 (1961) 
Nucl. Sei. Abstr. I96I (9) 3001 



D. L. Keller, J. M. Fackelmann, E. 0. Speiâel, and S. J. Paprocki 

CarMde and Uranl» Nitride 

pSr în «« Nuclear ^ 
Reutte/Tyrol, Metallwerk Plansee AG. 304-28 U9o2; 
Nucl. Sei. Abstr. 19^3 (l) 258 

S. J. Paprocki, E. S. Hodge, and P. J. Grlpahover (stelle 
Memorial Inst.) 

Gas-pressure Bonding 
Contract AF33(616)-77^7 (9/25/61) 
Nucl. Sei. Abstr. I96I (12) ^192 

„ÄSS «"¡-““SS-” W»'4» 
Contract W-7405-eng-92 
Nucl. Sei. Abstr. 19^2 (2) 563 

S. J. Paprocki, D. L. Keller, and W. M. Perdue (HatteUe K^rlal 

Study3of Experimental F*1 Bodlee Made From Al®ina-coated »2 

Contract W-7405-eng-92 uAo/oS) 
Nucl. Sei. Abstr. 19^2 (lO) 3371 

0, W. Cunningham (Battelle Memorial Inet.) 
Hecent Developmente ln Beactor Materiale from Povdere 
Reactor Materials 6 
Nucl. Sei. Abstr. 19^3 (5) 2273 

I Sbeinhartz and J. Fugardi (Sylvania-Coming Nuclear Corp.) 
Isostatic Pressing of UO2 in HiKh Temperature ^e s 
Contract AT-3O-I-CEN-366 (9/60) 
Nucl. Sei. Abstr. 1961 (1^) 993 

I Sbeinhartz and J. Fugardi (Sylvanla-Comlng Nuclear Corp.) 
Ceramic Fuel Elements Made by Kot laoatatic Preealng 
Contract ^1-30-1-0¾^ (9/g) 
Nucl. Sei. Abstr. 19^1 (7) 23Ö7 
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I. Sheinhartz (Sylvania Electric Products Inc.) 
%e Fabrication of Beryllium by Hot Isostatic Pressing and by 

Impact Extrusion 
For General Nuclear Engineering Corp* (9/6i) 
Contract AT(38-1)-200 Subcontract 40-9-11 
Nucl. Sei. Abstr. I961 (12) 4193 

Westinghouse Electric Corp. 
Pressurized Water Heactor (IWR) Project Technical Progress Report 
2/24/59-4/23/59 
Contract AT-ll-l-GEN-14 
Nucl. Sei. Abstr. 1959 (8) 1889 



F23r. RHEOLOGY OF HOT FORMING. 
RESPONSE OF MATERIALS 

M. S. Kovaltchenko and G. V. Samsonov 
Certain Rules in Fritting Refractory Compounds with Compression 

at High Temperature 
Izvest. Akad. Nauk SSSR Ser. Tekh. Met. U 1^3-7 (1959) 
Nucl. Sei. Abstr. I961 (ll) tflb 

J. D. McClelland (Atomics International) 
Kinetics of Hot Pressing 
Powder Metallurgy: Academic Press 157-71 (1961) 
Nucl. Sei. Abstr. I96I (9) 3003 

J. D. McClelland and E. H. Zehms 
End-point Density of Hot-pressed Alumina 
J. Am. Ceram. Soc. k6 (2) 77-80 (1963) 
Ceram. Abstr. I963 13 

M. S. Koval'chenko and G. V. Samsonov 
Viscous Flow in Sintering of Zirconium Boride by Hot Pressing 
Poroshkovaya Met. No. 5 (9) 3-9 (19^1) 
Nucl. Sei. Abstr. 1962 (5) 1555 

M. S. Koval'chenko and G. V. Samsonov 
Application of the Viscous Flow Theory to the Sintering of Powders 

by Hot Pressing 
Poroshkovaya Met., Akad Nauk Ukr. SSR 1 No. 2 3-13 (l9ol) 
Chem. Abstr. ¿5 26923 (1962) 

G. V. Samsonov and M. S. Koval'chenko 
Some Features of Sintering of Powders Consisting of Refractory 

Compounds 
Poroshkovaya Met., Akad. Nauk Kr. SSR 1 No. 1 20-9 (I961) 
Chem. Abstr. I961 25661 

M. Y. Balshin and A. Trofimova 
Sintering Under Pressure 
Poroshkovaya Met., Akad. Nauk Ukr. SSR. 1 82-91 (l9ol) 
Chem. Abstr. 25652 

R. G. Carlson (Univ. of Cincinnati) 
Hot-press Sintering Kinetics of Metal Powders 
Thesis (1062^ 
Nucl. Sei. Abstr. I963 (3) H^O 
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R. Saltish, C. A. Cellar, and I. Marinow (Alloyd) 
Vapor Phase Metallurgy and Ceramics 
J. Metals 14 (10) TJO-U (1962) 

J. M. Blocher, Jr. and J. H. Oxley (Battelle Memorial Inst.) 
Chemical Vapor Deposition Opens Nev Horizons in Ceramic Technology 
Am. Ceram. Soc. Bull. 4l (2) 8l-4 (I962) 
Nucl. Sei. Abstr. I962T4) 1177 

J. M. Blocher, Jr., M. F. Browning, A. C. Secrest, V. M. Secrest, 
and J. H. Oxley (Battelle Memorial Inst.) 

Nuclear-fuel Particles, Preparation of Ceramic-coated 
Nuclear. Sei. Abstr. I962 (lO) 3457 

R. G. Bourdeau (High Temperature Materials, Inc.) 
New Pyrolytic Materials 
Materials in Design Eng. 36 (8) IO6-9 (1962) 
Nucl. Sei. Abstr. 1962 (lO) 3618 

W. van Lierde, R. Strumane, E. Smets, and S. Amelinckx 
Preparation of Uranium Oxide Single Crystals by Sublimation 
J. Nucl. Mater. 5 (2) 250-3 0-962) 
Ceram. Abstr. 19¾ (l) 29 

E. K. Muller, B. J. Nicholson, and M. H. Francombe 
The Vapor Depc^xtion of BaTiOj by a Grain-by-Grain Evaporation 

Method 
Electrochemical Technology 1 (5-6) 158 (1963) 



f?,6. forming from films, filaments, or whiskers 

E. H. B. Nystrom and B. W. Collin (AB Statens Skogsindustrier) 

Mineral Wool 
Sved. 1^5,612 (8/7/50) 
Ceram. Abstr. 1955 (5) 89 

G. Slayter (Owens-Corning Fiberglas Corp.) 
Apparatus for Forming Glass Fiber Mats 
U. S. 2,653,^6 (9/29/53J 
Ceram. Abstr. 1955 (l) 8 

A. M. Shibley (Picatinny Arsenal) 
State of the Art—Flake-glass laminates 
Plastee Report-1 (IO/60) 
Nucl. Sei. Abstr. 19ol (8) 2739 

R. H. Baskey and R. D. Johnson (Clevite Corp.) 
Fuel-bearing Fiberglas in Aluminum-base Fuel Elements 
Summary Report 5/^/80”-G-0/3l/6o (12/2/60) 
Contract AT(1*0-1 )-2557 
Nuri. Sei. Abstr. 1961 (6) 2152 

R. H. Baskey (Clevite Corp.) 
Fuel-bearing Fiberglas in Aluminum-base Fuel Elements 
Mjnthly Progress Letter No. 19 3/1/81--3/31/83 
Contract AT^O-l )-2557 , v ^ 
Nucl. Sei. Abstr. I96I (7) 2387 

W. G. Cox and H. L. Crispin 
Filament Winding Radomes and Missile Nose Cones 
Glass Ind ¡¡2 (l) 33. 1*9-50 (1961) 
Ceram. Abstr. I96I \10) 236 

R. H. Baskey (Clevite Corp.) 
Fuel-bearing Fiberglas in Aluminum-base Fuel dements 
Mmthly Progress Letter No. 2h 8/1/61—8/31/61 
Contract AT(U0-1)-2557 
Nucl. Sei. Abstr. I961 (12; 4193 

C. Z. Carroll-Porczynski 
Advanced Materials: Chemical Publishing Co., Inc U982; 

W. L. Lachman and J. P. Sterry (H. I. Thompson Fiber Glass Co.) 

Ceramic Fibers , 
Cbem. Eng. Progr. ¿8 
Nucl. Sei. Abstr. 1963 (4) 1644 
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F27. ELECTROFORMING 

F. Fahnoe and J. J. Shyne (Vitro Carp, of America) 
Method of Forming a High Friction Element 
U. S. 2,828,25¾ (3/25/58) 
Ceram. Ahstr. 1958 (7/ 

I. S. Kainarskii and K. B. Malinovskii 
Electrophoresis as a Method of Forming Fine Ceramics 
Steklo i Keram. 15 (^) 26-30 (1958) 
Ceram. Ahstr. 1958 (9) 2^- 

N. K. Antonevich and E. S. Butyleva 
Materials for the Anodes (Formers) 

of Casting Ceramic Ware 
Steklo i Keram. l6 (l) 2o-3 (1959) 
Ceram. Ahstr. 1959 (8) 213 

in the Electrophoretic Method 

F. Fahnoe and J. J. Shyne (Vitro Corp. of America) 
Uranium Dioxide Impregnated Compacts and Method for Making 
U. S. 2,938,839 (5/31/60) 
Ceram. Ahstr. i960 (lO) 235 

V. A. Lamb and H. I. Salmon 
Electrophoretic Deposits of Barium 
Am. Ceram. Soc. Bull. 4l (ll) 781-82 (1962) 
Oram. Ahstr. 1963 (l) 19 

F. A. Scott (General Electric Co.) 
The Electrolytic Growth of Dense Self Supported Uranium Dioxide 

Shapes 
Final Status Report (IO/5/62) 
Contract AT(h5-l)-1350 
Nucl. Sei. Ahstr. 1963 (3Î 846 



F29. GENERAL TREATMENTS OF FORMING METHODS 

E. Umblia 

Metal-ceramic Materials 
Industritidning. Norden 8l (17) 240-5, 252; (l8) 260-2, 268; 

(19) 272-4, 284 (1953T" 
Ceram. Abstr. 1954 (7) 126 

G. A. Kirkenflale (State University of Nev York) 
Textbook for Ceramic Engineers (1954) 
Ceram. Abstr. 1957 (6) 154 

V. Bodin 
Technology of Products of Fired Earth: Gauthier-Villars, Paris 

(19567 
Ceram. Abstr. i960 (l) 25 

D. W. Luks 
Aluminum Oxide Ceramics 
Ceram. Ind. 66 (6) 109-12 (1956) 
Ceram. Abstr. 1957 (l) 13 

H. J. Karmaus and G. Helm 
Developments in Shapng Machines for Clayware 
Glas-Email-Keramo-Tech. 6 (lO) 345-8; (ll) 390-3 (1955) 
Ceram. Abstr. 1955 (3) fS 

F. Reinhart 
Developments in Ceramics During 1956 
Glas-Email-Keramo-Tech. 8 (l) 4-11; (2) 42-8 (1957) 
Ceram. Abstr. 1957 (io) 261 

U. S. Dept, of Commerce, Office of Technical Services 
Minutes of Symposium on Ceramic Cutting Tools 

PB 111757 
Ceram. Abstr. 1957 (2) 39 

J. W. Deaderick 
High Dielectric Constant Ceramics: I Definition 
Ceram. Ind. 68 (2) 8l. 83 (1957) 
Ceram. Abstr. 1958 (l) 20 

W. D. Kingery 
Ceramic Fabrication Processes 
Mass. Institute of Technology and John Wiley & Sons, Inc. (1958) 
Nucl. Sei. Abstr. I958 ( ) 2129 
Ceram. Abstr. 1958 (6) 123 
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W. D. Jones 
Fundamental Principles of Powder Metallurgy 
Edward Arnold Ltd. (publishers) (i960) 
Nucl. Sei. Abstr. I961 (l2) 4013 
Ceram. Abstr. I962 (9) 229 

E. fyshkevitch 
Plastic Workability of Oxide Masses 
Oxide Ceramics. Physical Chemistry and Technology: Academic Press 

31-43 (i960) 
Nucl. Sei. Abstr. I96I (9) 3101 

P. Popper 
Special Ceramics 
Heyvood (i960) 
Brit. Ceram. Abstr. I961 (6) 2oOA 

Institut National des Sciences et Techniques Nucléaires, Paris 
and France 

Powder fetallurgy. Principles, Recent Progress of Technology, 
Materials and Applications 

1961 , 4 „ 
Nucl. Sei. Abstr. I963 (4) 1642 

W# Leszynski 
Powder Ifetallurgy—Proceedings of an International Conference, New 

York (i960) 
Interscience Publishers (I96I) 
Ceram. Abstr. 1962 ^8) 203 

Proceedings of the Seventeenth Annual Technical Meeting of the 
fetal Powder Industries Federation, Cleveland, 4/24-26/61 

Progress in Powder tetallurgy. Vol. 17: Metal Powder Industries 
Federation (1961) 

Nucl. Sei. Abstr. I962 (l) 254 

G. W. Cunningham 
Powder *fetallurgy~the State of the Art 
Battelle Tech. Rev. 11 No. 8 (8; 3-9 (1962) 
Nucl. Sei. Abstr. 15^ (n) 3846 

_ 



R. S. Truesdale, B. B. Lympany, E. M. Grala, C. A. Bielavski, 
R. M. Paine, and W. W. Beaver (Brush Berylliun Co.) 

Investigation of the Effects of Processing Variables and . 
cation Techniques upon the Properties of Intermetallic Compound 

Progress Report No. 4 l/l/61--3/3l/6l 
Technical Report No. 210-229 
Contract AF33(6l6)-7108 
Nucl. Sei. Abstr. 1961 (8) 2735 

A. J. Stonehouse (Brush Beryllium Co.) 
Bervllides for Lightvreight, High Temperature Structures 
Materials in Design Eng. 5Í No. 2 (2) 84-6 (1962) 
Nucl. Sei. Abstr. I962 (4)10l4 

F. J. P. Clarke and J. Williams (Atomic Energy Research Eatablish- 

Iteactivity Problems Concerning the Formation of Ceramic Materials 
Reactivity of Solids: Elsevier Publishing Co. 593-601 U96D 
Nucl. Sei. Abstr. 19^2 (i2) 4127 

Anon. 
Forming , , > 
Ceram. Age 78 (lO) 67-77 (1962) 

J. D. Latva (Wright-Patterson Air Force Base) 
Selection and Fabrication of Norme tallies—Oxides, Beryllides and 

Silicides 
ifetal. Progr. 82 No. 5 97-102 (1962) 
Chem. Abstr. 267 (19^2) 

J. D. Latva (Wright-Patterson Air Force Base) 
Selection and Fabrication of Ceramics and Intennetallics 
ifetal Progr. 82 No. 4 139-44 (1962) 
Chem. Abstr. I962 (12) 14727 

The Carborundum Co. 
Advanced Materials Technology 
Spring Issue (1963) 



H. D. Taylor (Dlaœonlte Products Manufacturing Co.) 
Forming Alumina Ceramics 
Ceram. Age 12 W 76'81 

LLSWcs: ..p^her Consideration of Stapir* Methods 

Ceramics l4 (169) i9 (19^3/ 

F CX&rk 
Consolidation of Metal R^nan and Littlefield, 
Advanced ftchniques in Powder Metallurgy- 

1.0 errv ' 



F29. FORMING GENERAL, NUCLEAR FUELS 

P. Murray 
Ceramics and Atomic Energy 
Claycraft 26 (l) 2-7 (1952); (5) 210-16 (1953) 
Ceram. Abstr. I953 (6) 121 

Z. M. Shapiro (Westinghouse Electric Corp.) 
Resume of Uranium Oxide—II 
6/30/55 Decl. 4/9/57 
Nucl. Sei. Abstr. I958 (l) 215 

Anon. 
Nuclear Metallurgy. Vol. IV. A Symposium on Uranium and Uranium 

Dioxide 
IMD Special Report Series No. 4: The Metallurgical Society of 

American Institute of Mining, Metallurgical, and Petroleum 
Engineers (1957) 

Nucl. Sei. Abstr. I958 ( ) 679 

J. H, Handwerk and R. A. Noland (Argonne National lab.) 
Oxide Fuel Elements for High Temperatures 
Chem. Eng. Progr. (2) 60F-2F (1957) 
Nucl. Sei. Abstr. 1957 (5) 612 

C. Corsetti (CISE, Milan) 
Fabrication Technology of Ceramic Fuel Elements 
Energia Nucleare jj (8 ) 509-21 (1958) 
Nucl. Sei. Abstr. I958 ( ) 2216 

C. Corsetti 
Technology Fabrication of Ceramic Fuel Elements 
Energia Nucleare ¿ 579-90 (1958) 
Tremalated into French 
Nucl. Sei. Abstr. I963 (l) 64 

H. H. Hausner (Gladding, McBean and Co., Inc.) 
Bibliography on Uranium Dioxide 
Contract AT(o4-3)-249 (3/59) 
Nucl. Sei. Abstr. 1959 (8) 1948 

D. W. Brite and R. J. Anicetti (General Electric Co.) 
Uranium Dioxide Fabrication 
Contract AT(45-1)-1350 (12/5/60) 
Nucl. Sei. Abstr. I963 (l) 73 
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E. A. Evans (General Electric Co.) 
Novel Ceramic Fuel Fabrication Processes 
Fuel Element Fabrication with Special Ktatphasis on 

Vol. 2: Academic Press J35-70 (1961) 
Nncl. Sei. Abstr. I96I (IO) 3253 

Cladding Materials 

G. M. Butler, Jr. and H. H. Hausner (Gladding, McBean and Co.) 
Data Book on Uranium Dioxide 
I960 , , X ✓ 
Nucl. Sei. Abstr. I961 (lO) 32oO ^ 

H. H. Hausner (international Atomic Energy Agency) 
Powder ifetallurgy in Nuclear Reactor Construction 

1961 
Nucl. Sei. Abstr. I961 (9) 2922 

G. E. Christie and F. S. Martin (Reactor Fjel Element Tuib., 
U.K.A.E.A.) 

Pilot Plfimt for Ceramic Nuclear Fuel Processes 
Cbem. & Process Eng. 42 (7) 30Ô-9J 3H-12 (1961) 
Nucl. Sei. Abstr. 19^1^(10) 3251 

Oak Ridge National Lab. __ 
Gas-cooled Reactor Project Quarterly Progress Report 

3/3^61 
Contract W-T405-eng-2b 
Nucl. Sei. Abstr. I96I (9) 2979 

R. W. Dayton, E. M. Simmons, and R. W. Endebrock vBattelle i-te- 

morial Inst.) 
Reactor 
Vol. 5 1 
Nucl. S 

Materials 
fo. 4 (11/62) 
:1. Abstr. 1963 (M 1^7 

A. R. Kaufmann 
Nuclear factor Fuel Elements : Metallurgy and Fabrication 
Interscience Publishers (1962) 
Ceram. Abstr. I962 (ll) 273 



P. Loevenstein, P. D. Corzine, and J. Wong 
Fabrication of Core Materials 
Nuclear Reactor Fuel Elements. Metallurgy and Fabrication: Inter 

science Publishers 383-^26 (1982) 
Nucl. Sei. Abstr. I962 (?) 2l66 

G. Matz (Nuclear-Chemie und Metallurgie G.m.b.H.) 
Fabrication of Fuel Elements 
Review Series No. 25: Developments in the Peaceful Applications 

of Nuclear Energy (international Atomic Energy Agency) 
(9/82) 
Nucl. Sei. Abstr. I963 (l) 268 

(Compagni 
xniques) 

J. Doumerc 
tibies Atomiques 

Fuel Elements--Manufacturi 

.e pour l'Etude et la Realisation de Combus- 

Fuel Elements--Manufacturing rroc 
Energie Nucl. 2 (l-2) 4-15 (1963) 
Nucl. Sei. Abstr. 1963 (6) 2444 

Procedure 



F29. FORMING GENERAL, BERYLLIUM OXIDE 

T. Cheron (Aerospace Corp.) 
Beryllium Oxide. A Literature Survey 
Contract AFo4(64t)-930 (9/1/61) 
Nucl. Sei. Abstr. I962 (9) 3184 

Oai Ridge National Lab. 
Proceedings of the Beryllium Oxide Meeting Held at Oak Ridge Na¬ 

tional Lab, I2/I-2/6O 
Nucl. Sei. Abstr. 1961 (8) 2568 

Anon. 
BeO at National 
Ceram. Age j6 No. 6 25 (i960) 
Brit. Ceram. Abstr. 1961 (6) 249A 

C. A. Bielavski, E. A. Douglas, and J. G. Theodore (Brush 
Beryllium Co.) 

Maritime Gas-cooled Reactor Program. Technical Feasibility Stulies 
of Fabrication Techniques Applicable to the Manufacture of High- 

density Beryllia Tubes for Potential Utilization in the 
Maritime Gas-cooled Reactor 

Final Report 5/9/6O—6/30/6O 
Contract AT(o4-3)-18T 
Nucl. Sei. Abstr. I962 (l) 323 

P. S. Hessinger (National Beryllia Corp.) 
Beryllia. Engineered Space Age Material 
Ind. Eng. Chem. ¿i No* 3 16-21 (1962) 
Nucl. Sei. Abstr. 1962 (5) 1358 



G-SECONDARY FORMING 
Ga. forming from "green" unfired blanks 

Linked to F2g 

G. Bostlund 
Forming of Spiral Grooves in (Soft) Ceramic Rods 
9ved. 137,663 (n/30/50) 
Ceram. Abstr. I953 (8) IÚ5 

Anon. 
High Speed Cutting-off Machine for Small Components 
Brit. Clayvorker 64 (761) 170-71 (1955) 
Ceram. Abstr. 195S”(8) 171 

M. Skunda (General Motors Corp.) 
Method for Shaping Ceramic Articles 
u. s. 2,726,433 (12/13/55) 
Ceram. Abstr. 1956 (2) 59 

E. G. Arelt (Onondaga Pottery Co.) 
Apparatus for Fettling Articles of Green Pottery Ware 
u. s. 2,755,531 (7/24/56) 
Ceram. Abstr. I956 (lo) 216 

E. M. Gibbs and J. Stout 
Story of Electriced Porceledn: IV, Pugging and Pressing 
Ceram. Abstr. 1957 (l) 15 

G. Helm 
Shaping of Ceramic Ware by Turning 
Glas-Qnail-Keramo-Tech. J (9) 321-24; (lO) 367-9 (1956) 

R. E. Steele emd A. R. Blackburn 
Method and Apparatus for Forming Holes in Ceramic Ware 
u. s. 2,818,628 (1/7/58) 
Ceram. Abstr. I958 (4) 95 

Lavrence Radiation Lab. 
Investigations of Titanate Ceramics for Voltage Generation under 

High Impact Loading 
Final Report 9/58—12/59 
Contract W-7405-eng-48 
Nucl. Sei. Ahqtr. 1963 (3) 1146 



U. s. 2,883,312 W&ß?l 
Ceram. Abstr. 1959 (9/ 

S. M. Tsenter Grinding and Polishing Porcelain 
Semi-automatic Machines for_f 
Glass and Ceramics, Moscov l8 (12) b21 
Brit. Ceram. Abstr. 1963 (iTW 
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forming from fully matured ceramics-general 

K. F. Romanov and I. G. Grincbenko 
Grinding of Steatite Ceramics 
Translated in Machines and Tooling ¿1 (5/ 31" 
Ceram. Abstr. I961 (?) 15T 

Anon. 
Finishing . , . 
Ceram. Age jQ (lO) W-101 (1962) 



G15. FORMING AND SURFACE FINISHING BY CHEMICAL PROCESSES 

A. Engelbrecht and G. Jaeger 
Preparation of Smooth Surfaces on Objects of Sintered Alumina 
Ger. 828,97U (1/21/52) 
Ceram. Abstr. 1953 (^) 66 

J. G. Gualtieri, M. J. Katz, G. A. Wolff 
Gas Etching and Its Effect on Semiconductor Surfaces 
Z. Krist. nU (1-2) 9-22 (i960) 
Ceram. Abstr. I962 (4) 101 

R. R. Stead (Texas Instruments) 
Etching of Semiconductor Materials 
U. S. Patent 2,973,253 (2/28/61) 
Ceram. Abstr. I961 (?) 170 

R. R. Stead (Texas Instruments) 
Process and Composition for Etching Semiconductor Materials 

u. s. 2,983,591 (5/9/61) 
Ceram. Abstr. I96I (lO) 248 

R. T. Vaughan (Philco Corp.) 
Controlled Jet Etching of Semiconductor Units 
U. S. Patent 3,012,921 (I2/12/61) 
Ceram. Abstr. 1962 (5/62) 121 



gi6. forming by stamping, punching 

Anon. 
Continuous Process for Fabricating Thin Sheet Ceramic Parts 
Ceram. News 8 (6) IT (1959) 
Ceram. Abstr. 1959 (n) 288 

Anon. 
A New Division for tae West's Oldest and largest Ceramic Firm 
Ceramic News 10 No. 2 12 (l96l) 
Brit. Ceram. Abstr. I961 (8) 287A 

J. J. Fargo (International Pipe and Ceramics Corp.) 
Fabrication of Thin Uranium Dioxide Plates by a Powder Rolling 

Process 
Presented at 65th ACS 
Am. Ceram. Soc. Bull. ^2 (4) I963 269 
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017. MACHINING BY GOTTING ACTION 

U Pa+ay* 

Ina • i/ianKjna \xj 

Ceram. Abstr. 1953^1/ 1 

W. Richter and G. Kaanerlch .. 
Some Investigations on Ceramics and Cermet Materials for the Pro 

duction of Blades for Cutting Tools 
Silikattechnik 6 No. 12 528-3^ (1955) 
Nucl. Sei. Abstr. 1958 ( ) 1058 

J. E. Comeforo and T. S. Stanislaw 
How Ceramics Can Be Shaped to Precision Tolerances : I 
Ceram. Ind. 6j (4) 121-3 (1956) 
Ceram. Abstr. 1957 (î) 139 

American Society of Tool Engineers 
Ceramic Tool Symposium 
Detroit (1957) 
Ceram. Abstr. 1957 (9) 195 

V. Bertazzoni W A _ . 
Cutting and Machining of Refractory Materials 
Cerámica 12 (l) ^5-6 (1957) 
Ceram. Abstr. 1957 (9) 195 

R. C. Brewer (Dept, of fechanical Engineering, Royal Tech. College) 

Bibliogrphy of Ceramic Tools 
Ceram. Abstr. 1958 (6) 137 

R. M. Gill 

R. F. Rea and J. W. Ripple 
Cutting and Grinding Ceramics 
Ao. Oran. Soc. Boll. ¡6 (5) 163-7 (1957) 
Ceram. Abstr. 1957 (7) 155 

E. C. Graesser 
How to Machine Glass Base laminated Plastics 
Tooling and Production 2j£ (7) 56-8 (1958/ 
Ceram. Abstr. 1959 (5) 121 



■ 
.... ... 

E. C. Graesser 
How to Machine Glass Base Laminated Plastics 
Tooling and Production 2b (?) 56-8 (1958) 
Ind. Diamond Abstr. (12T"A195 
Ceram. Abstr. 1959 (5) 121 

H. J, Randhahn 
Glass Machining with Hard Metals 
Silikattech. n (3) 126-30 (i960) 
Ceram. Abstr. l$6l (lO) 237 

National Research Council. Materials Advisory Board 
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APPENDIX 

Pecomnended Study Areas to Further Ceramic Formin« Processes 

AU authors have Indicated need for development or J*'*1 

respective sections as part of thelr<revlew(,b^“f^1'r^^r^y 

™f tLse ¿as «¿5 to bridging tlm gap between «r^lc science 

and the engineering technology of processing. Many ^ ^ deduc. 
intuitive, empirical or even proprietary thoughts as 
tive thoughts that result from any attempt to correlate fundament^sjl 

a highly technological subject. These recommended s^eas £f 
beenüicluded as an appendix to this report and are paraphrased belw. 

(1) Critically delineate properties of particulate systems which 

are specifically related to forming theory. The importance of the 
to formina methods cannot be overemphasized. 

(2) Determine relationships of both the hulk and y 
of powders to suc)i factors as particle size, shape, defect structure, 

stoichDsetric^cmposition^ratmosphe^t^uiat, Bystem6 t thelr Bhap. 

and size ÄuTions, reactivity, and particle-particle interaction. 

reproducing size and dis- 

trihulïL Äers in the range of 15 ™1lon 
methods other than mechanical comminution. For the different proauction 
methods,°study the factors that determine the size, shape, .And eize dis- 

“r^tÄiÄrf'surface and organic c^mistry funda^ntals 

to the understanding of the function of organic additives in model par 

ticulate systene^ fundaiasntalg of canipaction response in particulate 

avrc+i»ms5 under hißh pressures at room temperature. 
7 (7) Define the mechanism of compaction in particulate systems under 

Pro^t^rtrr"f¿í“energy and palate a. stems 

during ccmpaction^prosesses^v^io^nt of ultrasonic energy kiâs Winning. 

(10 Develop relations between forming energy, compaction response 

and extrusion rates in extrusion forming systems, hot and cold. 
ill) Apply control theory to develop a sound basis for transmission 

of forming^nergy in°forming^operations treated as true engineering systems, 

^ ^)CáÍ¿g hot pressing processes from the laboratory to the production 

8ta8(.ui for >»at treat“nt l0,r eaIlltal 

lm*(S)ntoadyze simultaneous viscous flow a.cd heat transfer in glass 

forming processes. 

klk 



(15) Develop processes for utilizing glasses which either (a) are 
highly refractory, or (h) have viscosities substantially lower than con 

ventional glasses. 
(16) Continue the development of the theory of crystal growth and 

nucléation of glasses as related to forming ceramics. 
(17) Develop glass forming processes which preserve the inherent 

strength of glass. 
(18) Study the theory of crystal growth and nucléation of melts as 

a means of improving process operation and characterization of products 

produced by fusion casting. 
(19) Develop application of thermodynamic data on ceramic oxide 

melts to fusion casting. 
(20) Systematically study the material and operational variables 

as related to the characterization of shapes produced by spraying of 
natter or semi-matter particulate systems. 

(21) Design transport devices for feeding submicron particle systems 
or agglomerates in hot spraying and other forming systems. 

(22) Study the effect of impingement and configuration on mews and 
heat transfer during vapor deposition. 

(23) Initiate a fundamental study of nucléation and crystal growth 

from the vapor state. 
(24) Systematically review work on fiber ceramics and continue support 

of work to optimize the process to utilize fiber strengths in composite 
systems particularly for high temperature use. 

(25) Study the mechanism of material removal in finishing, drilling, 

or shaping ceramics. 
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