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PREFACE

Unity in Diversity

An essay to integrate the field of particulate science and technology
seems opportune. Concern with specialized interest areas results in slow
and usually steady progress and is a comfortable situation to work in.
However, particularity of interest constrains ideas, whereas a sound unify-
ing concept knows no natural boundary. Our field is currently asking
searching questions and seeking definitive answers to broaden our outlook.
We are ready to see what the other person is up to, to learn from the obser-
vations of others, and profit by interrelating their ideas.

However, in a broader and more fundamental sense, most of us who
work in the field of finely divided matter would assert that, collectively,
our present knowledge is only a promise of what it will be. Further, we
individually know so little of what we need to know and, to add to our
troubles, we realize that new knowledge is being accumulated at a pace fas-
ter than we can injest on a regular diet of reading and study.

A rewarding approach to the problems inherent in mastering this diver-
sity is to develop an appreciation for the wholeness of the field. Necessary
specialized excursions can then be related to the whole-field view and fitted
into a rational scheme of scientific explanation. This book is an attempt
to provide a methodical whole-field view of fine particle science and tech-
nology. Itin no way pretends to be exhaustive. There is a rich abundance
of searching treatises on particular subjects available now to the specialist,
so a general view both unifying the good work already accomplished and
providing a comprehensive structure for guiding what is to come seems
appropriate at this juncture.

Particulate science and technology is a fascinating field of study. 1 don’t
know anyone working in it who does not find it somewhat exciting. It is
an ancient art and a baffling science simultaneously. I count myself among
the lucky ones who wonder why matter in finely divided form behaves as
it does.

xii



INTRODUCTION

“There is a tide. . .”’

UNDERDEVELOPED TECHNOLOGY

The science of the nature and behavior of fine particles, like an under-
developed country surrounded on all sides by highly structured industrial
states, looks wistfully at developed entities like physics, chemistry, mathe-
matics, biology, material science, engineering sciences, and computer sci-
ence, to mention but a few well-structured disciplines. As with all cases of
underdevelopment, a great deal of “aid” from these technically advanced
neighbors is needed if progress in fine particle science is to materialize.
However, the drive to progress must be derived from the urgencies sensed
by those already working in the field who have the wit and foresight to
develop and implement the creative necessities.

~In any field of human technical endeavor where progress is made there

is an advantageous juxtaposition of three elements: industrial and com-
mercial need, intellectual challenge, and the possibility of success. For the
study of particulate matter all three elements now coexist in good measure,
but they have only just come together. The efforts of many have made
this conjunction possible and although it is unfair to mention some and
omit others who have made their contributions, still it seems appropriate
to mention some major contributors.”™*

In _thié century the sciences have been developing new knowledge at a
‘frenetic pace in a direction predetermined by the discovery of electricity.
The physicist has become interested in the very small and, with the engi-
neer, in the macroscopic to the spectacularly large, and the chemist is con-
cerned with structures ranging up to molecular sized units. This pattern of
study has left the great middle ground of fine particles in a relatively unex-
plored condition. During the past 200 years, we have seen the armies of
science in their inexorable advance on the relationships between the struc-
ture and properties of solids, liquids, and gases. It is now the turn of mat-
ter in finely divided form to be comprehended and exploited. We can only
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PARTICULATE SCIENCE AND TECHNOLOGY

guess why it has taken so long to reach this stage, but one can imagine that
it may have something to do with the extreme difficulty of theoretical and
experimental work in the area, the staggering diversity of particulate matter
in finely divided form, and the glamor of the older established disciplines
which enjoy a hard won prestige.

Within the last 20 years or so there have been signs of a gradually de-
veloping awareness and interaction among those concerned with particulate
matter. Although we still have the ceramicists and the powder metallurgists,
the pharmacists and the chemical engineers are still ploughing their own
furrow, though they interact more with each other than ever before. This
seems to be true on campus, in the meeting hall, and especially in industry.
Perhaps the most public manifestation is in the start-up of the journal
“Powder Technology” in the 1960’s; in the change of name of the “Inter-
national Journal of Powder Metallurgy” to that of “International Journal
of Powder Metallurgy and Powder Technology” in the 1970’s. Other evi-
dence includes: the publishing of Orr’s book on Particulate Technology
by Macmillan in 1966, the holding of a workshop on “Fine Particle Tech-
nology” in 1975 (National Science Foundation)*, the publication of vari-
ous series of texts on different aspects of particulate matter on both sides
of the Atlantic, the founding of the Fine Particle Society and its aspiration
to correlate and serve the needs of its members in this field, in Japan the
foundation of the Research Association for Powder Technology, the estab-
lishment of the International Powder Institute, the formation of the Inter-
national Fine Particle Research Institute, and the services of the Powders
Advisory Center. We can conclude, therefore, that there are serious efforts
being made to move in the direction of integration so that we can better
focus on our needs and coordinate our energies to meet them.

The key to success lies in our educating ourselves. In Europe a number
of research centers like Karlsruhe Erlangen, Bradford, and Loughborough
and in Canada, Laurentian University, are studying and teaching. But in
one major industrial enterprise of this world, the United States of America,
there is no single institution devoted to the study of matterin finely divided
form, although there are numerous individual students scattered through-
out the country. Some have said that there is a pressing need for establish-
ing an American institution, many others have nodded their assent, but to
date none has been organized. Apparently, the greatest single obstacle to
this development is not the lack of funds, but the absence of a developed

*Program Director, Dr. Morris Ojalvo

Xiv



INTRODUCTION

consensus of the whole field view and a realization of its potential long-
term benefits to us all. This situation exists because of the lack of serious
discussion about the problems inherent in formulating policy, developing
structure, and implementing the former through the latter. In essence, just
how do we conjoin the academic with the industrial, and reward the com-
ponents in such a diverse interdisciplinary field as particulate matter and at
the same time avoid the production of a new breed of specialist who will
fragment the very cohesion that is so vital and so assiduously being devel-
oped.

RESEARCH AND DEVELOPMENT NEEDS

Our technological requirements for comprehending the state and behav-
ior of particulate matter during the next decade have been admirably
summed up in the NSF Workshop Report.?® They fall into four main
categories.

Particulate Properties and Structure

The description of particle shape by means of morphological analysis of
particle profiles offers a promising way of expressing visual images mathe-
matically in a variety of functional forms. The functions can then be re-
lated to the properties of the particulate matter. Fundamental investiga-
tions of particle surface phenomena are required to establish the basic geo-
metric properties of particulate matter so that they may then be related to
their physico-chemical properties. Coordinately, establishment of the re-
lationships between surface, subsurface, and interior structures and particle
properties must be another of the goals of fine particle research and devel-
opment. There is also a major experimental challenge to learn more about
the electrical, optical, thermal, and magnetic characteristics of fine particles.
Further, as more and more industrial processing becomes automated, there
is an increasing need for the on-stream testing-cum-monitoring of powder
technology operations. This demand raises a further need for study in this
area because we do not know enough about what technology there is avail-
able.

XV



PARTICULATE SCIENCE AND TECHNOLOGY

Particle-Fluid Separation

There is an urgent need for developing dynamic concepts about the
methods for the separation of very fine particles (less than 0.5 micron)
from gases. More direct approaches to the study of the structure of flocs
and of agglomerates generally are necessary. In particular, there is a need
to establish the pattern of relationships between the development and
form of floc structures and the behavior of sedimentation, thickening, and
dewatering processes at all of their stages. Moreover, developing methods
for studying the behavior of individual particles in rheologically complex
fluids as well as in their deposition on collecting surfaces is a prerequisite
to understanding the mechanisms and improving the technology. The
transmission of interparticle forces in changing conditions (e.g., the altera-
tion of particle-fluid drag or the change of applied pressure level, etc.) and
the way in which the particles become rearranged must be directly observed
under carefully controlled experimental conditions if we are to master the
complexities of the motion of particle sets in dynamic environments.

Particle Handling

The following quotation from Zenz is an eloquent indicator of the for-
midable nature of our problems in this area:* “‘As mundane as it might
first appear, there is today no universally guaranteed design procedure for
assuring that a bin filled with any powder will be able to be emptied when-
ever desired.” A new approach to the problems of mixing and blending
must take into account the complex properties of the particualte matter
being handled. When particles are being moved, usually entrained in a fluid,
their level of interaction with each other and with the carrier fluid and also
with the system surfaces and measuring devices should be related to the
basic properties of the particles, the fluid, and the overall system. Phenom-
ena to be studied include bridging, flow, choking, saltation, resilience and
elutriation, to name but a few.

Controls

Minimizing the deleterious effects of applying powder technology re-
quires controls. In general these systems problems are extremely involved.
Dealing with only single phase liquids (for example) is a sufficiently com-
plex system control problem, but effectively controlling in detail the be-
havior of particulate matter in different situations (as outlined in the im-
mediately preceding sections of this introduction) raises the difficulty of
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INTRODUCTION

our task to a high level. In brief, we have to adopt an overall systems ap-
proach which will take into account technical, economic, health, social,
and political factors inherent in a given situation. Just a glance at some of
the industrial hygiene and related journals reveals the extent and serious-
ness of the problems of minimizing unfavorable effects from the industrial
use of fine particles.
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ABOUT THIS BOOK

The general concept offered in this book and some of the more impor-
tant conclusions and observations that I have developed during the course
of its writing are stated and examined in Chapter 1. Chapter 2 emphasizes
the primacy of the individual particle in particulate science and technology.
Chapters 3 and 4 may be said to deal with PARTICULATE TECHNOLO-
GY; they describe the waysin which particles are formed, the various pro-
duction methods associated with each, followed by a descriptive treatment
of some of the standard processing steps for dealing with finely divided
matter. The next three chapters deal with what might be appropriately
termed PARTICULATE SCIENCE. In Chapter 5 there is a discussion of a
number of descriptors with particular emphasis on fine particle statistical
descriptors. Chapter 6 reviews some of the more fecent work on particle
shape characterization and particle size analysis. Chapter 7 examines
the nongeometric properties of fine particles including optical, electrical,
magnetic, thermal, and chemical properties, and relates them to various
aspects of particle settling and diffusion.

The essential message of the final Chapter 8 is vital to all of those work-
ingin the fine particle field. Particulate hazards are insidious: if they don’t
blow you up or irreparably damage your health they may just ruin your
landholding quietly and steadily. Some of what must be learned and some
presently known means for protecting us against folly in the use of fine
particles are explored. Fine particles should be treated with the greatest of
respect.
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THE APPROACH

The individual particle may range in size from the vanishingly small to
the visually obvious and may be simply shaped or multifaceted in outline.
Regardless, we have to be able to identify and collect the shape-size infor-
mation, and to condense it without losing the pattern that the information
represents. This is no easy task and we have yet to solve it. Chapter 2, en-
titled ““The Single Particle,” is presented early in the book in order to focus
attention on the fact that the single particle is indeed the fulcrum of our
study. We have to develop a precise method for collecting the size-shape
information and handling it for the single particle. Then we can confidently
describe sets of particles with a corresponding general description (coupled
with their chemical and physical properties), and then be able to relate
particle properties to their behavior so that we can make predictions of
their behavior in known conditions and thereby control them.

Chapters 5, 6, and 7 can be read following Chapter 2 without disturbing
the continuity. Although particle size measurement is discussed, it is
treated generally because there are already very informative specialist texts
on the subject. Particle morphology analysis is treated at greater length
because there is no other current source on this topic (outside of the jour-
nal literature) and also because this subject is important to the develop-
ment of fine particle science. The approach taken in Chapter 6 might, at
first, seem complicated, but in light of the overall strategy it is not. Thus,
to obtain the necessary information and to analyze the morphology of a
particle (and then many more) require sophisticated image analysis capa-
bility and the ability to handle and condense large amounts of information.
At the present time, there are instruments available with the requisite image
analyzing capabilities. By using these in conjunction with an appropriate
set of information handling techniques (pattern recognition, orthogonal
functions, fuzzy sets, etc.) advances are being made in the morphological
analysis of particles. A crucual part of this program is the development of
a physically meaningful set of morphological descriptors which can be
culled from the information gathered about the particle. Chapter 7 dis-
cusses some of the physical and chemical properties of fine particles in-
cluding electric, magnetic, optical, and thermal properties as well as set-
tling. Nowhere in this chapter is there a statement about the effect of
morphology upon particle physical-chemical properties,* because their
interrelations are unknown. At the present time, therefore, we investigate

*With one exception, Chapter 7, section
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and study the sets of characteristics discussed in chapters 6 and 7 respec-
tively. We are not yet able to describe one particle in terms of its associated
size-shape/chemistry-physics continuum. This dichotomy is real and pro-
found and the literature presents it this way. Clearly it must be eliminated
in the course of time so that we can better describe the reality that is, and
build our science on that.

Many advances have been made and continue to be made in particle
production, in the understanding of mechanisms of particle formation, and
in particle handling and processing. For those familiar with these aspects
of finely divided matter, Chapters 3 and 4 may be overlooked or read cur-
sorily. The beginning student will find these two chapters essential. The
treatment is not surfeit with references but there are significant ones so
that the reader can find the original sources and related items. The chapter
on hazards is last in order but not in importance; it should not be over-
looked.



Chapter 1

IN THE SCHEME OF THINGS

1.1 PARTICULATE SCIENCE AND TECHNOLOGY

The objective of this book is to establish the concept that the behavior
of fine particles when a specific force is applied to them in a particular
medium is determined by their structure; by their geometric, chemical,
and physical properties; and by their interactions among themselves with
the applied forces and the medium. Fine particle science describes the
macroscopic, microscopic, and atomic level structures of individual parti-
cles and their sets in terms of the fundamentals of physics, chemistry, and
mechanics, and interrelates these three levels with the behavior of a set
(powder) and its component particles to permit the development of tech-
nology.

The study of particulate science and the consequent technology is a
field of considerable intellectual, economic, and industrial magnitude. It is
not an exaggeration to say that our whole industrial civilization is based
upon the processing of particulate matter, yet until recently it has been
largely uninvestigated by the scientist and engineer. Despite the fact that
particulates have become important during the last half century, studies
are still relatively unorganized, uncoordinated, and unrecognized. Neither
the industrial nor the academic communities have yet perceived the pre-
dominating importance of particulates in the affairs of mankind. Our in-
dustrial and commercial progress is becoming more and more dependent
upon our understanding and our mastery of the complex and broad science
and technology of fine particles. Consequently, more work is urgently
needed in the particulate field. It is also imperative that those of us who
are working in the field make every effort to disseminate and correlate in-
formation concerning the knowledge that we have gained to date, and, in
addition, to proselytize others to join in the exciting and revolutionary
advances that are going to be made in the next twenty years or so.

3



4 PARTICULATE SCIENCE AND TECHNOLOGY

Industrial applications have long been made, but new demands arise
continually. The aspirin tablet and the powder metallurgy gear are pro-
duced by powder compaction in a die. Plastics granules are thermomechan-
ically molded. Pottery is fired in an oven; bread is baked in an oven; pow-
der metallurgy parts are sintered in a furnace; sinter cake is produced for
blast furnace burden; some liquid phase sintering occurs during the pro-
duction of cement clinkerin a rotary kiln. Most mineral processing activity
includes a great expenditure of effort and resources to separate the valued
mineral from the gangue; effluent from industrial plants must be cleansed
of noxious gases and liquids (if they are present) and especially particulate
matter, which is almost always present.

Matter in finely divided form is often much more reactive than the
same substance in solid form and this instability can lead to fires, explo-
sions, and, in the case of protein material, to spoilage. An important frac-
tion of the world’s electric power is consumed in the crushing and grinding
of macroscopically continuous solids in order to produce finely divided
particles. The list of processes for treating particulate matter is so large
that it would appear to be never ending: food technology; minerals pro-
cessing; ceramics and refractories production; paints, inks, and dyes manu-
facture; cement, hard metal, welding rod, and building product industries.

Earth moving and soil mechanics are generally important provinces of
fine particle science and technology, as well as many agricultural opera-
tions. Chemical engineering processing deals with large amounts of finely
divided matter. Metallurgy deals with continuous solids but upon closer
examination it can be observed that the continuous phases contain disper-
sions of other phases, precipitates, and inclusions. Geology looks to parti-
cles to explain earth movements and to trace the results of forces operat-
ing on and in our planet.

The behavior of finely divided matter in the more mobile gaseous and
liquid continua is an important area of study in the engineering disciplines.
In pharmacy, the production of solid dosage forms is a sophisticated branch
of particulate technology which is complicated even more by the interac-
tions within the human system that the medication may undergo.

No matter what their individual processes, material, or end product, all
of those persons involved in fine particle technology require adequate sam-
ples of what they process and appropriate concepts, methods, and tools
with which to characterize these samples. It is possible to obtain data of
this type that is reproducible and that can be related in a descriptive way
to the subsequent events that the particulate matter is to pursue. However,
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with our present methods we are not able to do much more than establish
general patterns of relationships. The reasons for this limitation are not
hard to fathom. For example, consider the more or less standard require-
ment to determine the particle size. Such determinations are linked to the
property of particle shape. Therefore when a “size” is quoted, in a very
fundamental sense we only have a small item of needed information with
which we can characterize the complex population of particles. It is for
this reason that there is currently a push to develop useful ways to measure
particle morphology.

However, a set of particles represents a total surface area that is large in
comparison with that of the same mass in the form of a single solid. Meth-
ods are available to determine surface area and it is therefore convenient to
relate this measure to some property of the set of particles that is of con-
cern (for example, the reactivity). However, the viewpoint that such prop-
erties of a rather small portion of solid are determined by a thin, two-di-
mensional external layer is too limited because we clearly have to consider
the material directly underneath this extremum. As in the case of particle
shape, this area of structure too is in the melting pot.

When we can interrelate particle size, morphology, chemistry, and phys-
ics we will have a fine particle science capable of generating new technolo-
gies so badly needed in this field. Within such a diversity of industrial ac-
tivity the implementation of new technologies will likewise have broadside
benefits for society. We are not yet in this happy condition. However, the
encouraging developments in particle morphology analysis, in structural
analysis, and in related areas ensures our eventual success.

1.2 OUR REALM

Matter, whether in a solid, a liquid, or a gaseous state, can exist in the
form of finely divided particles. Familiar examples are dust and powder,
both solid particles in a gaseous medium. Mist and spray are examples of
fine liquid droplets in a gaseous medium. Bubbles in a liquid are gas parti-
cles, and perhaps pores in a solid are examples of finely divided particles
called cavities in continuous media. The schematic diagram in Fig. 1.1
illustrates the range of fine particle systems that are encountered.
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SOLID

FINE PARTICLES

Sprays, Mists, Fogs

Hlauip \___/ GAS

Fig. 1.1

Fig. 1.1 serves to emphasize two major points that should be kept in
mind:

1. For the most part, particulate systems involve sets of particles in-
teracting with each other and with the enveloping medium, all with-
in one or more force fields.

2.  An understanding of fine particle systems necessitates correspond-
ing understanding of solids, liquids, and gases as states of matter,
all of which can be divided into fine particles and all of which are
media for particles of another state.

These two considerations alone tend to call for better models than
those available to date, as well as removing the deficiencies due to the mor-
phology/chemical-physical dichotomy already alluded to. The basic rea-
son for calling particulate science and technology interdisciplinary is simply
that a cohesive discipline must be constructed from many diverse fields.
Perhaps another and equally valid reason is that the complexity of the



IN THE SCHEME OF THINGS 7

problems inherent in this field defy the aspirations of individuals working
separately to solve them. When we work together, sharing disciplines and
exchanging information, we develop an interdisciplinary science with which
to continue to advance our knowledge and our technology.

In the following chapters, an examination of some of the more basic as-
pects of the subject serves to illustrate the great advances in particulate
science and technology that are being initiated. In summary, it is a wide
open, dynamic field that challenges fruitful investigation.
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SUBJECT INDEX

A Aggregate, 16, 291, 418
Agitation, 140, 579
Abrasion in comminution, 126 Air, complemental, 647
Absorption, 44, 326, 552, 554, 562 entrained in voidage, 187
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mean projecters, 499
plate, 278
projectors, 418
sieve operation, 246, 249
surface, 18,472, 477, 480, 499
Arrhenious effect, 646
Asbestos, 648
Ash, fly, 653
Assembly, 566, 615
Asthma, 649, 653
ASTM, 242,394-397, 406

Asymmetry, 330, 460, 461, 562~

563
Atlas, 31
Atmosphere, 592, 597, 600
Atom, 39, 44, 313, 548, 585
Atomization, 87-89
Atomizer, generator, 150, 151

Atomizing, 74, 79, 80, 82-83, 86,

89
Attenuation, 557
Attractibility, relative magnetic,

(Table), 257
Attraction, molecular, 590
surfaces, 588
Attrition, 99, 214
Augmentation, electrostatic, 604
Avogadro’s number, 571

B
Back mixing, 231

Bacteria, 16

Bag houses, 258

Bagnold equation, 659

Baking, 292

Ball density, 112
growing, 144
voids, 117

Balling, 140, 665

Balls, 109

Barriers, 255
stone dust, 665
water, 667

Base surge, 328

Basis, fundamental, 442

Batch mixer (Table), 225

Batching, formula, 201

b.c.c., 549

Bed, 169
charcoal and sand, 204
density, 206, 214
depth, 208, 211, 214
electrofluidized, 604
expansion of, 211, 212
fibrous filter, 399

fixed, 205, 211, 212, 257, 579,

631

fluidized, 205, 209-214, 328,

579, 580, 603, 630
gel, 411
inhomogeneity, 214
loss, elutriation, 214
of granules, 251
particulate, 204-215
porosity, 206, 399, 580
spouted, 205, 207
static, 620, 627-629
structure, 214
transient vibrating, 392
voidage, 620, 625

Beddow method, 414
Behavior, 13

comparison, 420

mechanical of primary mineral,
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587
of particle set, 388
sieving, 420
Beneficiation, electrostatic, 255
Benzene, 160
Benzopurpurine, 413
Benzopyrene, 34, 665
Beryllium poisoning, 649
BET, 45, 47
Bin, 109, 169, 171, 172, 175
Bingham, 199
Bins, storage, 168, 182~185
Blasius equations, 199
Blast furnace, 204
Bleeding, 650
Blender, ribbon, 218, 229
Blending, product, 201
Blinding, 247, 248, 257, 258, 406
Blocks, 472, 476-477
Blocky Particle Flow Model, 129
Body, convex, 499
Boiling, appearance, 209
Bond and Wang relationship, 102
Bonding, electrostatic, 238
interparticle, 291
physical, 238
type of, 145
Van der Waals, 238
Bond’s Law, 128
Bond’s Theory, 126
Bonds, 16, 44
Bottom feeders, 185
Bounce, 70
Bouncing, 423
Boundary, angle, 55-56
coincidence, 55
grain, 50, 120
internal, 55
layer, 607
phase, 55, 56, 120
twin, 55
Bounded difference, 485
sum, 485

Box cars, 392
Bread, baked, 4
Breakage, 122-125, 129, 142-143
Bridgewater Review, 217, 235
Bridging, v
British Standards, 425, 427
Brittle behavior, 121
fraction, 148
Broersma (machine), 406
Brownian effects, 263
motion, 252,264,267, 328, 544,
570-572
BS, 242,410
Bubble, 5
Bubbling, 215
Bulk compression, 285
density, 181, 187
percolation, 219
sample, 392
Bulkiness, 418
Bumps, 619-620
Bunkers, 168
Burden blast furnace, 4
Burning time square law, 318
Buslik equation, 238
Byssinosis, 649

C

Cake, 262
Calcite, feedstock, 135
Cancer, 650
lung, 655
pleura, 675
respiratory tract, 675
Capacity, vital, 647
Capillaries, 50
Capillarity, 47, 292-293
Capillary action, 54
height of, 55
Carbon black, 16, 136
Carburetors, 89
Carburization, 57
Carcinogenic effects, 649
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Carcinogens, 649, 652, 656, 675
Carmen, apparatus, 413
Cascading, 109, 114

Cast iron-particle shapes, 80
Catalysis, 155, 158

Catalysts, 154, 155

Cataracting, 110, 114
C.C., 365
CCP, 210
CEGB (UK), 607
Cell, Kuwabara, 610
Cells, 609
blood, 16, 625
Cellulose, porous, 399
Cement, 4
Cementing, 136
Central value, measures of, 330
Centrifugal, 322, 403
Centrifuges, gas phase, 265
Centroid, 117, 456, 458, 459
aspect ratio, 455, 457
Ceramics, 4, 240, 292, 299, 400,
439
CH,4, 662
Chains, 343
Chalcopyrite, 481
Chamber, condenser, 580
Chambers, dynamic settling, 399
settling, 264
thermally induced, 404
Channelling, 205, 214, 215
Channels, conical and plane flow,
181
Character, dynamic, 518
Characterization of powder, 501-
504
Characters, 425
Charge, coexistence of opposition
in cloud, 590
density, 251, 547
distribution, 590
electron, 586
electrostatic, 201, 313, 590
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elementary unit of, 569
fractional volume, 117
free flow, 114
ion, 509
limit, 569
particle, 324
space, 57
Charging, contact, 564, 590
diffusion, 507, 564, 567, 603
electrical, 564
field, 504, 569
ion, 277, 567
maximum theoretical, 566
Chemical agents, effects of in stor-
age facility, 169
Chemical qualitative and quantita-
tive analysis, 523
Chemical reactivity, 135,313
Chemicals, 167
Chemisorption, 39
Chi square, 225, 226, 228, 356,
357,369
Chromatography,
410
Chrysotile, 675
Cilia, 647, 648
Circles, diffused, 404,417
Circuit, 112
Circularity, 345, 347
Class categories, 68-69, 415,426
Classification, 61
“built-in™ comparator based sys-
tem, 441
by distance functions, 429
by likelihood functions, 430-
432
Classifiers, 504, 514, 523
deterministic, 387, 432, 504,
506, 523
fuzzy, 504, 523
pattern, 522
statistical, 523
trainable, 432, 506

251-252, 316,
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Classifying decision, 441
sampling methods, 400-402

Clay, 587,615

Cleaning, 114

Clearance, punch/die, 288

Clefts, 120

Clinker, cement, 4, 112

Cloud patterns, meteorological, 414

Clouds, dust, 242, 640
smoke, 241
Clump deterioration, 143
Clumping, 313
Clumps, 240
Cluster center, fuzzy, 505
Cluster formation, 156
Clustering, 131
in pattern space, 428
Clusters, 150, 154, 156, 343
CO, 652,662,671
CO,, 580, 662
Coagulation, 145, 603, 610, 611

Coal, 35, 191, 192, 198, 255, 257,

340, 375, 544, 648
bituminous, 662
burning, 651

energy in particle size produc-

tion, 122
explosibility, 662
IDF, 182
mine, 597
powdered, 188
sulfur in, 253
Upper Silesian, 662
Coalescence, 142, 144, 300
Coating, 51, 58

coherent, 575
Cobalt, 612

Code designation, Particle Atlas,

545
Code, six digit, 21, 31
Coefficient, 511, 586
absorption, 554
correlation, 228, 231

decay, 618

decision, 513

diffusion, 57, 96, 249, 298§, 319,
571,578, 581, 601, 607, 798

discharge, 187

dissolution rate, 578

drag, 265, 321,322

empirical, 659

extinction, 556, 557

factors, shape, 345

Fourier, 457, 469, 504, 525,
528

friction, 283

heat transfer, 96

individual, 521

individual particle scattering,
558

interpretation of, 524

invariant, 525

lateral pressure, 284

mass transfer, 96

number of, 458, 479

order of, 527

particle drag, 198

particle extinction, 316

rugosity, 346, 417

sets of, 454, 525

shape (Table), 353,416

similarity, 228

sublimation, 581

sum of 533, 534

surface, 69, 416, 798

value of, 479

virial, 413

viscosity, 190

volume, 69, 346, 347, 350, 416,
425

Walsh, 524

Coercivity, 615, 616,617,619 (Ta-
ble), 620

effect of particle shape, 618
effects of particle size, 615
internal particle effects, 622
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intrinsic, 617
Coherent—rotation, 619
Cohesion, iv, 317, 590
“Cohesionless” mass, 235
Cole’s method, 70
Collection velocity, 324
“Collector,” 253
Collision, atomizier, 150

cross section, 604

ionic, 601

ion-particle, 277

random, 217
Colloid, linear molecular, 412-413
Color, 553, 554
Column, packing, 252
Combustion, simple particle (Table),

664

two stages, 662
Comminution, 98, 121-125, 129,
135
Compact, density distribution, 282
green, 219
Compaction, 169, 285
behavior, 281
mechanism of, 279, 285
of particulate materials, 138
powder, 4
submicron particles in, 669
Comparative (fuzzy) measure, de-
gree of mixing, 227
Comparator geometric, 448-449
Comparison of screen analysis (Ta-
ble), 409
Comparison of three sieving ma-
chines (Table), 410
Complete, 471
Completeness, degree of, 65
Compliment, 487
Composite materials, 258
Composition, 35, 228, 489, 490,
495,496
Compound, benzene soluble, 652
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Compounds metals table, 92
photo chemical, 652
Compressability, 258
feed stock, 107
Compression, 98, 99
in comminution, 124
Concentrates, 192
Concentration, aerosol, 607
impurities, 120
initial, 596
minimum explosion, 642
particulates (Table), 656
slurries, 194
vacancy, 51
Concrete mixing, 240
Condensation, 267, 573
Conditioning, 278
Conditions, nonsteady state, 320
Conduction, 562
Conductivity, surface, 57
thermal, 96, 625-626
Cone, rotation, 400
Conservation (mass, momentum and
heat), 600
Consolidation, zero, 179
Constant, 201, 478, 577, 582, 611,
617,618, 661
anisotropy (Table), 623
Boltzman’s, 277, 298, 548, 569
burning, 319, 661
coagulation, 611
dielectric, (Table) 256, 547,548,
549,550
dispersion, 375
energy transfer, 83
Hamaker, 252, 585, 589
Kawakita versus powder proper-
ties (Table), 289
Nukiyama-Tanasawa distribu-
tion, 375
proportionality (sieving), 248
sieving, 246
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values of burning (Table), 662
van der Waals, 582
Constraints, 444
Contact angle, 147
frictional, 254
point of, 564, 590
potential, 313
radius of, 565
separation electrification, 313
Containers, 392
Containment, 445
Continuous sieving, 244
Continuum, internal structure-par-
ticles morphology, 544
size-shape/chemical-physical, 11
zone properties, 219
Contours, 62
equipotential, 408
potential field, 38
potential map, 38
Control, quality, 12
Convergence, 429
Converging, bulk particulate mater-
ials, 168
dense phase pneumatic, 201
Coordinates, polar, 520
Coordination, 8-fold, 549
number, 147
Copper-lead, atomized, 461
Corium, inner, 650
Corners, 619, 620
in microstructures, 501
number of, 472
Corona, 276
Correction, Cunningham, 571, 611
Correlogram, 229
Corrugations, 418
Cosines, relative to three crystal
axes, 627
Costs, labor, 229
Coulter counter, 360, 371
Count, microscopic, 365
Covalent, 552
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Cr, 671

Cr¥¥ions, 553

Cr,03, reduction, 136
Cracks, 41, 120, 122, 288
Cresylic acid, 252

Critical converging point, 210

Critical f,, 181

Criteria, double, 428
Criterion function, 512
Criticisms, of mixing, 216
Croften’s diameter, 60
Crucible, 156

Crusher, 145

Blake, 102

Dodge, 100, 102

gyratory, 102

jaw, 100

rod, 103

universal, 100, 102
Crushing, 4, 98, 142
Crystal, cubic, 623

density, 134

number, 134

size and shape, 130

surface, 42

tetragonal, 552

thickness, 554
Crystallization, 130, 133
Crystallizers, 133-135
Crystals, 130, 134

weight, 134
Cu, 81
Cu-Ag contacts, 209
Cu electrolytic, 507
Cu-Fe compacts, 299
Cu- gas atomizer, 464, 506
Cu-W contacts, 299
Cube, 545

rotating, 229
Cumulative mass, 129
Cup, shape of, 62
Cupric oxide, 625
Curling, 618,619
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Curvature, 47, 51, 298, 498

Curve, magnetization, 612, 624
normal, 357

Cutting, 99, 500, 645

Cyclohexane, 160

Cyclone, 267, 323, 401

Cylinder, 392

D

D values (Table), 578
d/A values (Table), 417
Data, coolection, 64
gathering, 533
graphical representation, 491
processing, 64
treatment, 512
De Morgan’s Laws, 445
Dead space, anatomical, 648
Deblinding, 249
Decarburization, 57
Decision function, 465, 513
in fuzzy environment, 444
process, 444
surface, 511
Defects, 38, 57-58
Deflagration, 641
Deflocculation, 258, 399
Deformation, elastic, 565
rate of, 190
Degrees of freedom, number, 227

Demagnetize, 618
Demixing, 232-234
Dendrite growths, 259, 262-264
Densification, in sintering, 292
Density, 96, 235, 578, 589, 592,
593,659

apparent, 68, 316, 495

ball, 117

charge, 549

difference, 255

dislocation, 298

effect in segregation, 392

701

fluid, 197
liquid, 580
magnetic flux, 612
optical, 557
particle, 264
probability, 351
relative, 280
solid metal, 83
solute and solvent, 413
tap, 68, 281,316
theoretical, 291, 298
true, 58
Deposition,
609
combined inertial-Brownian, 591
diffusive, 591
electrical, 591, 601
from line source (Table), 599
inertial, 591
particle characteristics, 590
probability of, 601
rate of, 596, 605-607
velocity, 605
Descriptors, definitions, 527
desirable properties of, 526
properties of, 531
verbal, 402, 627
Desertification, 640, 658
Deserts and sand movement, 657-
660
Design, 167, 169
calculations, 214
hopper, 174
Design of system for particle shape
analysis, 436-453
Design, of a system for shape analy-
sis, 387
Desulfurization, flue gas, 515
Development, specification, 10
Device, charging, 604
compressed air, 185
De Vilbis atomizer, 150
Diacetyl, 652

544, 581, 596-598,
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Diamagnetic, 611
“Diameter,” 12
ball, 112,114, 117
collision, 252
die, 283,392
droplet, 96,375

Feret, 69,418, 508

linear mean, 337

log mean, 373

Martins, 69, 418

measures, 388

mean, 334

mill, 114, 117, 142

of particle, 117, 127, 147, 375,
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orifice, 187

pipe, 197, 198

projected area, 59,416

ratio, 397

Sauter mean, 338, 341

surface mean, 337

vertical Feret, 508

volume mean, 337, 578
Diammonium phosphate, 145
Diatomite, 665
Dichotomy, 6
Die, 279, 288
Dielectrics, sieving of, 590
Dielectrophoresis, 255, 278
Difference, absolute, 445

between two shapes, 63
Diffusion, 319,328,411, 605, 648

boundary, 298

Brownian, 573

ionic, 601

lattice, 298

layers and coatings, 67

on W (Table), 60

rate through turbulent layer, 609

surface, 60
Diffusional effect, 412
Diffusiophoresis, 544, 573
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Diffusivity, 207, 578
Digitization, 520, 555
Dimension, concept of, 59
limiting, 346
longest of particle, 416
Dimensional analysis, 86, 117, 234,
648
Dimensionless ratios, 118
Diminishing returns, 64
DIN, 242, 406
Dioctyl phthalate, 150
Dipole, 278, 548, 582
Disc, glans rotative, 251
Disc-like, 388
Disc, pumping action, 89
Discharge, 185, 202, 231
Discourse, universe of, 483, 491,
494
Discrimination, high degree of, 11
Discriminatory features, 508
Discs spinning, 83
Disintegration, jet, 86
Rayleigh, 85, 86
varicose, 86

Dislocation, 10, 61, 293
screw, 131
Dispersion, 330, 404
atmospheric, 601
Dispersions, gaseous, 389, 398
Displacement squared, 571
Dissolution, 574, 578-579
Distance, in pattern sapce, 428
intermolecular, 582, 586
particle to observation point,
406
stop, 591, 609
stopping, 592
Distribution, crystal size, 135
curve, 312
Gaussian, 596
Hatch-Choate, 373
horizontal, 199
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mean of radial, 529 (Table), 274
Nukiyama-Tanasawa, 375 clouds, 322, 641
particle, 133, 529 coal, 644-645, 648, 661, 664~
Rosin-Rammler, 375, 596 665, 667
self preserving, 144 electric furnace, 35
size, 128,329 fall, 399
wind velocity, 658 fibrosis producing, 648
Distributions, 373 household, 649
Disturbance, 87 houses, 258
amplitude, 84 metal, 653, 668, 671
Domain wall motion, 617 properties, 641
Domains, 615 quartz, 671
closure, 620 radioactive, 573, 650
magnetic, 612 stone, 662, 664, 665
DOP, 150-153 thin layer, 641
Dosage forms, solid, 4 toxic, 258, 648, 649
Drag, disc and fluid, 89 valuable, 258
Drainage, 148 wood, 675
Driving force, 257 Dyes, manufacture, 4
Drop, fraction reacted, 320
height, 392
Drop test in air, sulfuric acid, 649 E
Droplet diameter, 86
discrete, 79
fine, 85 E minimum, 214
liquid, 5 EPA, 255,515,516
number in diameter range d, 375 ERDA, 516
sulfuric acid, 653 Earth, moving, 4
Drops, satellite, 85 Eddies, 592
sulfuric acid, 320 Eddy diffusion, 600
Drought, 640 Edge length, 477,478
Drugs, mixing of batches, 219 runners, 107
Dry agglomeration, 148 Edges in microstructures, 501
Dry solids mixing, 240 Efficiency, collection, 325, 604
Drying, 255 deposition charge with time, 263
spray, 92 intrinsic of a mixer, 234
Ductite behavior, 121 ion diffusion changing, 277
Dune, build-up, 210 mixing, 240
Durand’s equation, 198 separation of closed circuit grind-
Dust, 5, 16, 114,311,313 ing, 125
airborne in furniture factories Effluent,4
(Table), 676, 677 Efflux, rate of, 134

arresting equipment efficiency Elastic unloading relationships, 235
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Electric aerosol detector, 151

field, 603

series, frictional (Table), 254
Electrode, collective, 276
Electrolyte, liquid, 564
Electron, 57

affinity, 156

back scatter, 72

deficiency, 313

excess, 313

exchange, 313

limit, 509

transfer, 156
Electrophoresis, 564
Electrostatic augmetation, 603

charges, 264

classifier, 151

field, 322

precipitation, 277
Electroviscosity effect, 412
Elevators, bucket, 646
Ellipsoidal, 388

Elongation, 346, 349, 416
Elutriators, 601
Embryo formation, 131
Emich, 545
Emission sources, 266-273
Emphysema, 649, 653
Empirical-macroscopy, 168-169
Emulsions, 100, 199
Encapsulations, 51
Endpoint transformations, 360
Energy, absorbed, 563
band spread, 156
change of fall, 132
cohesive, 158
comminution, 126
component of scattered radiant,
562
consumption, 126, 253
cost, 108
electromagnetic, 562
fracture, 442
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free, 48, 131
grain boundary, 55, 296
in milling, 119, 122
minimum ignition, 642
particle size production, 122
potential, 38
sonic, 255
state, 66
surface, 38, 42, 117, 133, 296,
447, 586
thermal, 502
total radiant, 555
Engineers, 4, 133,512
Enlargements, 403
Entropy, 413
Envelope, 466
Environment, 544, 675
quality control, 167
Epidermis, 650
Epsilon (direction in crystal), 552
Equipment, comminution, 99, 100,
123
Errors, 67,393
Erros, generalized total squared,
505
Evaporator-condenser, 151
Expectancy, mortality, 640
Explosibility, 645
Explosion, coal dust, 661, 665
dust, 107, 640, 645
firedamp, 661
grain dust, 641, 642
Marshall Island, 650
nuclear, 573
primary, 640, 641
protection, 645
secondary, 641
severity, 645
suppression, 665, 667

Extension flaw model, 130

Extinction, 557, 560
Eye scanning, rapid, 441
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F

F Center, 553
Fabric element, 264
Fabrication, characteristics, 17
Fabrics, 257
Faces, in microstructures, 501
Factor Q mode, 523
R mode, 523
Failure zones, 237
probability of, 428
Fallout, radioactive, 647
Fanning, 197-198, 618
Faults, stacking, 55
Fe misclassification, 664
Feature extraction, 387, 454
Feed, size of, 100, 123
Feedstock, 100, 104, 109, 123
Feldspar, 587
Feret diameter, 59, 60, 501
Ferromagnetic, 611, 612,614, 615
materials, 255
Fertilizer, 188, 228, 240, 657
Fiber, 345, 609, 672, 675
asbestos, 649
glass, 400, 649
Fibrosis, 648
Ficks, Laws of Diffusion, 231, 413
Field, combined, 279
demagnetization, 618
electric, 324, 509, 547-548, 582
fluctuating electromagnetic, 582,
583
local, 548-549
Lorentz, 549
magnetic, 612
nonuniform, 278
potential, 39
radiant, 583
random, 583
sonic, 603
Filaments, 85
Fill, 201
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Filler, elements, 258
Filter, cloth, 258
fiber bed, 400
media, 260-261
membrane, 399
production, 119
Filtration, 257,258
Fine chemicals, 79
Fine Particle Society, 237, 238,250
Fine particles, geometric properties
of, 387
physical and chemical properties,
3,387
solubility, 136
Fine powders, 135
Fingerprint, 522
Fires, 4, 640
Fissures, 50-51, 120, 564
Five-dimensionless features, 509
Flames, 641, 645
Flatness, 346
ratio, 349,416
Flaw model, 129
Flexure, 99
Flights, 224
Flocculants, 265
Flocculation, 136, 253
Flocs, 260
Flow, 216
characteristics, 313
densities, 129
erratic-conditions of, 184
laminor, 190, 595, 592, 609
properties, 180
rates, 281
resistance to, 257, 264
sound rate of, 659
turbulent, 190, 592
Fluctrations, 582
Fluctuants, sedimentation of, 265
Fluid, atomizing, 79

compared, fluidized system, 212
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composition and viscosity, 192
density, 84, 321
dilatent, 191
disintegration of, 86
drop size, 84
linear velocity, 206
mass velocity, 630
mechanics, 321
Newtonian, 200
non-Newtonian, 200
pseudoplastic, 191
purification, 242
resistance, 320
-solid systems, 398
stream curvature, 325
tension, 84
thixotropic, 191
velocity, 86, 207, 211
viscosity, 321, 323
Fluidization, aggregative, 209
dispersive, 209
incipient, 209, 212
Fluorine, 657
Flux, heat, 626
Fluxes, 544
Fog droplets, 652
Food, 167
technology, 79
Force, adhesive, 259,317, 318
attractive, 317, 582, 583
binding, 147
bonding, 238
Born, 252, 317
centrifugal, 110, 257, 267, 323

cohesive, 235

dispersive, 585

double layer, 252

drag, 563

electrical, 603

electrostatic, 142, 209, 588-589
field, 321, 544

frictional, 111, 142

gravitational, 111, 592
intermolecular, 587-588
interparticle, 235, 544
iono-electrostatic, 317, 585,
587-588
London dispersion, 58
London-Van de Waals, 582
mechanical, 142
photophoretic, 568
radiometric, 562
repulsive, 586
secondary bond, 38
surface tension, 142
Van De Waals, 136, 582, 589
Form, 62
octahedral distortions of, 545
Formaldehyde, 655
Fourier, 414, 471
analysis, 432
descriptions, 454
generation, 699
series, 66, 69,415,423
Fourtuple, 434
Fraction, packing, 622
passing per unit time, 245
reacted, 575
respirable, 401
retained on mesh, 244
vacancy, 54
Fracture brittle, 55-56
model, 58
particle, 120
process, 121
Fragments, in comparison, 285
Free energy, surface, 296
flowing, 240
path, mean, 610
surface percolation, 219
Freedom, degrees of, 357
Frequency, 331, 554
Friction, 111, 190, 247, 281-282,
285,289
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coefficient, 114, 117
during ejection, 289
interparticle, 126, 279
loss, 192, 198
Fuel, 641
“Fume,” 16
open hearth furnace (Table),
457
welding, 671
Function compatibility, 491, 494
density, 351,368
Furnace (modified) Godbert-Green-
wald, 643
Fuzziness, 444-445
Fuzzy relationships, 489-490
sets, 482
singletons, 685

G

Gangue, 4, 242
Gas, 323

concentration, reactive, 320

flow rate, 278

nerve, 650

permeametry, 413

pressure, 299

velocity, 208
Gaussian density function, 353
Gear, powder metallurgy, 4
Gedenken experiment, 156
Gel particles, 411
Gelman, 400
Generating shapes, 425
Generation, pattern, 425
Generator, vibrating orifice, 150
Geology, 4,439, 523
Gibbs-Kelvin, equation, 50
Glands, lymph, 648
Glass beads, 217

crushed, 349
“Glug-Glug,” 187
Gradient, composition, 51
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concentration, 585, 600
stress and defect, 50
temperature, 626
thermal, 573
Grain, 56, 188, 293, 501
Grammer, 440, 434
Granular material, 175-178
Granulation, 136, 140, 142, 144
Granules, 16, 173
nonferrous, 119
number of, 143
plastics, 4
steel, 119
Graphical representation, 494
Graphite, H,0, 191
Graticule, 59
Gravel, 257
Gravitational sedimentation, 322,
233
Gravity, acceleration due to, 187,
194, 195, 592, 659
Griffiths, Crack Theory, 55, 135
Grinding, 98, 120
closed circuit, 125
wet versus dry, 114
Group, shape, 69,425
Groups, 118,671
Growth (aerosols), 145

function, 142, 143

rate, kinetics of, 135

malignant, 648
Gypsum, 665
Gyration, radii of, 418

H

Haar function, 455, 472
Hard blinding, 247
Hardness, Mohrs, 100
Harmonic analysis, 522-523
Hausner ratio, 281

Hausner, requirement, 68-70
Hay fever, 649
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Hazards, 640, 643-646
Head loss, 197
Heat capacity, 96, 627

effects, 399

reaction, 141

transfer, 630

transmission, 625
Height, 600, 658
Helmoltz, free energy, 48
Henry, 612
HFF, 178, 181
HGMS, 625-626
High gradient field, 255
Histogram, 331, 351, 358, 365, 405
Homogenization, rate of, 241
Homologous temperature, 294
Homotattic, 38, 60
Hopper, angle of, 168, 171, 178,

181

HOTS, 557
Hydraulics, 189
Hydrocyclones, 287
Hydrophobic, 253
Hydroxyls, 587
Hygiene, 399
Hyperspace, 389
Hysterises, 550, 615

I

Identification, of unknown particle,
31
Ignition, 641, 645
Images, 324, 372, 414, 418, 498§,
535
Imbibition, 148
MM, 466
Impact, 99, 124
Impaction, 328, 398, 573
of coarse particles, 648
Impactor, cascade, 400
high velocity jet, 399
midget, 399
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Impingment, 267,398
plate, 268
probability, 600
Impurities, 41, 58
Inclination, angle of, 257
Inclusions, 624
Index, angularity, 417
explosibility, 664
Meyer work hardening, 288
mixing, 229
refraction, 413
refractive, 399, 403, 405
screening, 245
serration, 417
Indicator, dial, 176
Indices, refractive for soluted sub-
stances (Table), 553
Induction, 548
lines of, 612
magnetic, 612
remnant, 614
Industrial electrostatic precipita-
tion, 314
Industries, building product, 4
metallurgical, 264
practice, 299
Industry, agricultural, 641
asbestos, 672
cement, 79
ceramics, 279, 437
chemical, 641
coal, 641
dyestuffs, 641
foodstuffs, 641
metal powder, 79
mining, 641
pharmaceutical, 279, 641
plastics, 641
powder metallurgy, 279
woodworking, 641

Inertia, 605
Inertial effects, 263, 320

Inerting, 646
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Inexactness, fuzzy property of, 483  Iron, 255,414,507, 612, 615, 618,

Inferences, inexact, 491, 495 671
Influence, fuzzy. 495 carbonyl type, 130
Inhomogeneity, 58, 120 cast, 82, 87
Inks, 4 ore, 144,192
Insecticides, 647 oxide, 151
Instruments, Debye-Scherrer, x-ray sponge, 481
type, 406 Irregular, 339, 388
measuring, 518 Irregularities, 120, 418
Insulator, 564, 567 Irritants, 648-649
Integers, 479 Isodata algorithm, fuzzy, 504
Integral, line, 471 Isotherms, gas adsorption, 45
surface, 471
Intensity, light, 557 J

surface field, 569
Interaction energy, 585
Interactions, surface-fluid, 45, 47
Intercept, 68, 263, 415, 418, 499-
502, 508-509

Jet break up, 83
conical, annular, concentric, 79
distance, 81
input, 400
pressure, 81

Interception and impaction, 607- velocity, 86, 325
610 Joining, 501
Interface, 35, 232
embryo-solution, 131 K

reaction, 575 .
Internal friction, effective angle of, Kaoline, feedstock, 135

178 Kaolinite, 587, 588
Interparticle adhesion, 292 ﬁgi’ g ;3’/

interaction, 119

percolation, 236

separation technology, 242-251
Intersection, 485

Kick’s Law, 126, 128
Kidneys, 671
Kiln, rotary, 4

Invariance, 529-530 Kinetics, 575

Invariant, rotationally, 527 Kink, density, 160

Ionic, 552 Kinks, 41, 44
strengths, 589 K" ions, 554‘ )

Ions, average speed of, 568 Kozeny relationship, 413
bombardment, 324 Kr-85 bipolar charger, 153
density, 277
diffusion, 313, 324 L
flow of, 57
unipolar, 276, 603 Labels, linguistic, 487

Iris, three subspecies of, 505 Lag, 549
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Lambert-Beer Law, 316
Land, arable, 657
marginal, 657
Langmuir’s assumptions, 47
isotherm, 45
Language, 425, 433, 434, 440
Laplace equation, 50
Latex, presized, 151
synthetic, particle size, 405
Lattices, in Bravais, 545
Laws, Bouguer, 557
diffusion, Fick’s, 601
distributive, 445
Stokes, 592
Layering, 142, 144
Layers, 586
adsorbed, 55
assymetrical, 587
boundary thickness of, 607
diffusion, 51
double, 58, 564, 566, 567
Guoy, 564
metal, 204
oxide, 47, 567
slag, 204
space charge, 564
stern, 564
Ledges, 41
Length, bed, 205
change of, in sintering, 300
characteristic, 579, 591
edge, 472,524
of intercepts class, 418
pipe, 197
radial, 459
Lennard-Jones, 38-39
Level, macroscopic, 11
Levitation (of glass spheres), 564
Lifters, 118
Light, blue, 533
extinction, 557
intensity, 316, 554-556

polarized, 552

reflected (transmitted), 545

scattering, 313

transmission, 557

unpolarized, 555

velocity of, 552

wavelength, 403, 555
Likelihood functions, 419
Limestone, 108, 194, 665
Linear discriminant, 524

Linguistics, formal, 433, 490
Lining, ball mill, 112
Liquid, density, 239
medium, 200
solid particulate systems, 398
specific gravity of, 198
structure, 586
Liquor, mother, 130
Liver, 679
Load, crushing, 105
ejection, 291
normal, 176
reduced normal, 176
shear, 176
total on sieve, 246
transmitted, 291
Loading, 168, 231
Locus, yield, 176, 178
Lodestone, 615
Loss or gain, expected value, 428
power, 550
Losses, dielectric, 549
Lovelace nebulizers, 150
Lubricant, admixing and method,
288
blending in powder metallurgy,
240
Lumpiness, 457, 458,495
Lumpy, 491, 492,493
Lungs, 328, 672, 674
Lupus, 667
laser, 564



SUBJECT INDEX

M

Machines, attrition and cutting, 119
impacting, 107
nipping, 100
rotary hammer, 107
Magnetic materials, 242,255, 608
Magnetism, 611
Magnetization, saturation, 618
spontaneous, 615
Magnetostruction, saturation, 623
Magnification, empty, 403
Map, digital, 72
Mapping, matrix, 69
Marble, feedstock, 135
Martin’s diameter, 59, 60
Mass, 201, 283, 581
mean, 246
of blinding material, 249
production methods, 133
ratio, particles/air, 201
transfer, 572
velocity, 206
Matrix, insulating, 548
mapping, 415
Max, 485
Maxwell equation, 583
Mean, 355, 361, 365,390
geometric, 375
Rosin-Rammler, 375
MEC, 642, 643, 645
Media, dilute heterogeneous, 628
Meloy equations, 387, 466, 471,
479,481
Melting point, 294, 298
Membership, 443, 447, 484
Meniscus, liquid, 318
MEP, 644, 645
Mesh size, 195, 242-243
Metal, 4, 79, 155, 564, 626
Metallurgy, 4, 292
Methane, 661
Methylene blue, 151
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Meyer hardness number, 288
Mg silicate, hydrated, 648
Mica, 129, 587
Mica-water, 191
Microchemistry, 481
Micrograph, electronic, 671
Micromixing, by diffusion, 232
Micronization, 135
Micropores, 58
Microscope, electron, 21, 404, 545

optical, 21, 545

with drawing head, 535
Microscopic count, 359

properties, 219
Microscopy, 399, 402-403
Microsplitter, 392
Microstrains, 59
Midpoint, 331, 361
MIE, 642, 643, 645
Mie equation, 557
Milipore, 400
Milk, 188
Mill, ball, 111

ball-harding conical, 112

batch, 111

cotton, 649

diameter, 234

filling, 114

fluid energy, 119

grate discharge, 111

hammer, 229

impact, 108

output, 125

pin, 108

product, 125

rim discharge, 105

rod, 111

rolls, 105

rotary, 107, 123, 157

steel, 615

swing hammer, 157

total load, 125

trunnion overflow, 111
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tumbling, 108-111 ordered, 237, 239
vibratory, 108, 109 process, modeling of, 238
Milliemich, 545 rate of, 216
Milling, wet, 14,117 segregation, 229
Min, 485 shear, 217
Mineral, 4, 587 simple or batch, 156
particles, paramagnetic, 255 solid-liquid, 238
Mines, 516, 661 time, 216
Mining operations, 595 Mixtures, assessment of, 229
Misclassification scores (Table), S14 mixed variety of, 238
Mist, 5 negative, 238, 241
MIT, 642, 643, 645 , particle-gas, 241
Mites, house, 667 Mobility, 153
Mix density, 117 analyzer, 153
quality of, 237 electric, 153
Mixedness, 220, 228 ionic, 277
Mixer, assessment, 229 Mode, 355, 365
barrel, 232 Model, crack density, 129
batch, 217, 229, 231 deterministic, 504
conical, 229 finite interval, 360
continuous, 229 for strain behavior, 147
drum, 229 log normal, 365
geyser types, 217 TLK, 42
paddle-type, 229 two-dimensional, 69
ribbon, 224 Modeling, 591
sealing up, 231 devices, 218
trough or paddle type, 217 features morphological, 524
Mixes, neutral, 238 Modules, elastic, 55, 566
random and ordered, 237 Modulus, shear, 190, 298
Mixing, 169, 215, 233 Mohr circle, 178, 180, 284
convective, 217,218,221 Moisture, 238, 276
degree of, 228, 234 content, 109, 114
degree of optimum, 216 effects of in storage facility, 109
diffusional, analysis of, 231 Mold spores, 668
diffusive, 217 Molding, thermomechanical, 4
dry solids, 216 Molecular weight, determination,
efficiency, 224 405
equations, 233 Molecules, absorbed gas, 507
indices, 221-223 polymer, 549
kinetics, 217 Moment, dipole, 548
length, Prandtl, 190 electrical, 555
multicomponent, 229 first, 330

operations, pharmaceutical, 217 function, K, 368
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relationships, 358
second, 330, 528
third, 330, 528
Momentum, 503, 562, 609
Monitor, Mitsubishi color, 534
Monsize, 61
Montmorillonite, 588, 687
Moody chart, 196
Morphic features, 414, 455, 521
Morphology, 4, 69, 387, 4153, 454,
517
Morphological analysis, 12, 21, 168,
519,522
Motion in a fluid, 320
MRPR, 644, 645
Muller, 229
Multiple plume, 601

N

NasAlF,, 657

NaBr, 552

NaCl, 413, 577, 581

NaF, 552

Nautamix, 218

Neck formation, 296
growth, 292, 294, 296, 297
radius, normalized, 294

Needle length, 420

Networks, 414

Neutralizer, 151

Newton number, 238

Newton’s method, 595

NH3;, 652

NH,CI, 611

Ni, 671

Ni-hard, 112

Nickel, 612, 624

Nipping, 99

Nitriding, 57

NO, 652

NO,, 652

Noncombustibles, 664
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Nondispersed and optically isotrop-
ic, 405
Nonuniform gas flow, 322
Normalized, 471
Nozzles, 83, 88
NSF, 255
Nucleation, 131, 135
and growth, 79, 130-132, 135
Nuclei growth, region of, 143
Nucleic acids, 671
Nucleus, stable, 132
Nusselt number, 95, 630

0

Omega (direction in cryatal), 552
Opacity, 553
OR, 489
Ore beneficiation, 323
Ores, 191
Orientation, exchange in, 35
Orthogonal, 471
Oscillator, electrical, 461, 555, 605
period of, 114
Osmometry, 413
Outlet, hopper, 181
Oval, 388
Overgrazing, 640
Overgrinding, 135
Oversize, 242
Oxidation addition, 157
internal, 57
Oxide smoke, 136
Oxygens, 587
Ozone, 652

P

Packed bed, countercurrent flow in,
273

Packing, 280

Paints, 4, 16, 191, 439

Pair, ordered, 533
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Paper, 355, 400
Paramagnetic, 611
Parameter, dimensionless, 591

friction, 235
groups of, 221
hollow, porous, 428

lattice, 156
population, 377

Particle, 377

absorption, 588

acicular, 74

aerosol, 312, 603

agglomerated, 428

area, 316,322,419

atlas, 21, 449, 451, 504, 519,
544,553

average in diameter, 630

average radius of, 478

average velocity, 627

average weight, 220

breadth, 415,416

burning of, 661

characteristics, 498, 499, 590,

chips, 174

coarse, 217, 597

coke, 662

colloidal, 554

concentration, 144, 326, 596,
611

cross section, 558

definition, 13

density, 341

deposition, 259

desorption, 558

diameter, 59, 207, 234, 236,
238, 266, 313, 318, 320, 555,
569,617

dispersion of fine, 631

effects, 648

emitted into roadway, 596

expected number, 226

fibrous, 174, 648

film, 174

flake, 174

formation, 13, 79,312

formed by atomizing, 312

identification of individual, 21

inertia, 321, 609

inhalation, 647

interaction, 327

interchange of, 233

interior of the, 58

interlocking, 191

irregular, 80, 248

isolated, 622

isometric-resistance, force rela-
tionships (Table), 345

isotropic, 556

length, 415

mass, 593

metal powder, 507

micaceous, 173

morphology, 5, 130, 172, 414,

515
motion, 321

multicompositional characteriza-
tion, 70

nonspherical, 59

number, 226, 247, 419, 558,
611

opaque, 545

periphery, 419

physical properties, 24

production, 2

radius, 294, 300, 320, 558, 578,
581, 586, 592, 593, 661

range of, 250

regions of a, 16

seed, 145

separation, 423, 589

set, 56,311-313, 388,403

settling, 592

shape, 5, 10, 68, 83, 235, 247,
251, 264, 283, 311, 313, 323,
338, 339, 346, 411, 413, 414,
437, 441, 439, 482, 518, 577,
587,588
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signature, 387, 466 radius of turn, 324
simple domain, 617 through dispersoid, 316
single, 11 “Paths, high diffusivity,” 55

size, 4, 10, 61, 83, 194, 195, pyttern, 1,11, 189, 440
1987 242, 247’ 2505 264’ 311’ ClaSS, 506, 511
3139 3317 360> 387> 406! 439’ prlmltheS, 440

517,572,611,617 recognition, 1, 168, 217, 229,

solid, 5 387,414,428, 433, 504
solubility, 577 space, 440

spherical, 248, 320 specific, 506

Stoke’s Law, 596 Pb, 656
surface, 35,414, 416-417 PbCO;, 648
thickness, 415,416 PbCrOs, 648
three-dimensional image process- ppy, grammer, 434
ing of, 456 PDP, 534
transparent, 545 Pech’oric, 545
type, 353 Peclet number, 257
ultrasmall, 155 Pellets, 240
velocity, 322, 324, 573 Pendular effect, 114
volume, 345,416, 593 state, 146
wear, 625 Pentane, 156
Particulate, 200 Percent fines, effect in segregation,
assembly, 279 397
concentrations, 655 Percolation, 392
dielectric constant, 277 Perfect mixture, 219
effluent, 242 Perimeter, 60, 418, 508
flow function, 178, 179, 181, permeability, 258, 586, 612
184 Permittivity, 547
irritant, 647 PFF, 178-181
materials, 79, 168, 201 Phagocytes, 648
movement over blades, 236 Pharmaceutical tablets, 228
noncohesive, 237 Pharmaceuticals, 79
solids, 169, 188, 215 Phase, conditional, 548

systems, 231, 515 homogeneous, 130

volume, 211 semiconductive, 548
Pascall, 249 Phases of plume effluent, four, 601
Passage, rate of, 246, 248 Phenomenum, Gibbs, 425
Passing, cumulative, 245 Phenylephese, 650
Pastes, 199 Phonon, motion, 626
dense, 200 Photocell, 425, 559
Patches, homostatic, 61 Photography, flash, 89

Path, mean force of particle, 617 Photophoresis, 544, 554, 562
mean free, 571, 572 Physisorption, 39
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Picogram, 545

Pigment, organic, 612

Pilot plant, 251

Pipe, horizontal, 199

Pipeline, 194, 198

Pipette, Andreasen, 411

Pits, 619-620

Pittsburgh, 672

Planes, close packed, 61
crystallographic, 567
slipping, 217

Planimeter, 59

Plant, closed circuit, 112
dust proof, 646
layout, 119
spectrum of ages, 646

Plastic, Binghamite, 191
work term, 55

Plastics, 167, 549
compounding, 240

Plate, infinite and flat, 585
Plate-like shapes, 588
Platinum, single crystal of, 160
Plot, drag factor, 93
polar, 557
Plugging (filters), 258
Plumes, 600-601
Point source, 399
triple, 580
Points, 698
Poisoning, 648-649
Poisons, radioactive, 600
Poisson’s ratio, 566
Polarizability, electronic, 548, 553
ionic, 548, 553
Polarization, 548-552
orientation, 548
reversible, 549
space change, 548
Polarized, 326
Pollens, 649, 667
Pollution, 267, 515, 650, 651,657

PARTICULATE SCIENCE AND TECHNOLOGY

Polygon, 332, 501
Polyhedron (3-D), 501
Polymethylmethacrylate, embedded
in, 404
Polynomial, 69,415
Polystyrene, 399
Population, 135, 264, 327, 332,
377
Pore size, 399
Pores, 46, 50, 63,316, 564
Porosity, 58, 63, 120, 147, 251,
258,423
Portishead shear cell, 182
Positive blocks, volume of, 480
Potential, chemical, 133,413
contact, 566, 567
ionization, 156
streaming, 564
zeta, 564
Potters clay, 240
Pottery, fired, 4
Powder, 3, 5, 311, 377, 388, 389,

406
angle of friction of, 172

bulk properties of, 68
cohesive, 173

cutting, 564

diamond, 411

fluid, 173

granules, 173

gravity flow of, 185
hardening of, 188

iron, 668

mass of, 281, 283
mechanically produced, 312
metal, 284, 668, 671
metal oxide, 158
metallurgy, 4, 227, 439
olfactory, 427

reaction kinetics of, 575
specifications of, 242
surface, 389, 413

water atomized, 432
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Power, 238
consumed per ton comminuted,
102
losses, in ball mill, 117
requirement, 114,116,228, 240,
241,278
resolving, 66, 403,404, 437
to drive ball mill, 117
Prandtl, 95, 630
Precipitation(s), 324
acoustic, 279
electrostatic, 275, 398
magnetic, 279
methods, 136, 279
thermal, 398
Precipitator, electrostatic, 220, 276,
278,313, 399, 602
single stage, 276
thermal, 279, 379, 573
two stage, 270
Precision, degree of, 66
Presampler, 399
Pressure difference, 257
drop, 197, 200, 201
gas, 80
gradient, 187, 211
loss, 205
maximum explosion, 644
net specific, 283
normal, 175
of particle vapor, 581
powder, 566
radiant, 562
radiation, 554, 560, 562-564
saturation vapor, 46
solids, 187
transmission, 281
vapor, 96
wave, 641
Primitives, 433, 434
Prismoidal ratio, 346
Probabilistic statistics, 311
Probability function, normal, 246
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geometric, 498
Probit, 356, 369
Product, algebraic, 445
Cartesian, 489, 496
max~-min, 496
min Cartesian, 490
Projected height, mean, 400
Propagation, dust flame, 661
Propeller, 240
Protein, foreign, 649, 667
Prototype, 69
Pseudo-equilibrium, 632
Pulp plug, central, 250
Pulps, fiber, 199, 200
paper, 191
“Pulverized,” 16
Purge, 203
Pyramid, 481

Q

Quality control, tools, 388

Quality, of a material object, 62

Quantimet 720, 419, 508, 512, 514
514

Quantity variable, 498

Quantum, mechanical tunnel effect
566

Quartz, 72, 122, 340, 587

Quicksand, 191

B

R

Radiation, 402, 562
Radicals, peroxy, 651
Radii, corners and edges, 417
Radium, 650
Radius, mean, 501, 509, 529
of contact disk between particles,
294
particle, 277
Rake, 265
Ramtek 9050, 534
Randomness, 445
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Rat holes, 184
Rate, bending, 516
bulk flow, 68
burning, 661
compaction, 516
flow, 70, 200, 423
theories, 231
Rayleigh limit, 569
Reactivity, chemical, 318
of particles, 4
Rearrangement, 191, 299, 300
Reduction ratio, 103, 108, 123
Refraction, anisotropic, 551
index of, 552
Regenerates, 423
Regular cubic, 339
parallelopiped, 339
Repose, angle of, 187, 250, 281

Reproduction, increasing exactness

of, 520

Repulsion, Born, 585, 587, 588

effects, 587

iono-electronic, 586
Residence time, 231, 252
Resistivity, 566

of dust, 276
Resolution, limit of, 403
Restitution, coefficient of, 117
Retention, 401

Reynold’s number, 86, 87, 93, 95,
190, 195, 196, 217, 320, 322,

578, 591, 630, 669
Ring, annular, 185
Ripple height, 660
Rittinger’s Law, 126, 127
Roadway, deposition in, 596
height, 597
underground, 597
width, 597

Rock, 191

Rods, 109

Roll pressure, 107

weight, 107

width, 107
Rotap density test, 420
Rotating, critical speed of, 110
Rotation, 613

coherent, 618

speed, 114,115, 234
Rotocube, 218
Rough, 388

sphere, 249, 406; 442
Roughness, 457, 458
Round, 491, 493, 496
Rounded, 442
Roundness, 417
Rule, Fix-Hodges, 524

semantic, 491, 496

syntactic, 491

S

Salinization, 657, 659
Saltation, sand particle, 640
Sample data (Table), 336
distribution, 331
lunar fines, 349, 418
number of, 232
random, 328, 377
statistics, 334, 360, 369
Sampler, 400
experienced, 392
filter, 398
impingement, 401
respirable, 398-401
thief-type, 229
winnowing, 400
Sampling, 63, 389, 441
anisokinetic, 401
devices, 400-401
gaseous dispersions, 398
isokinetic, 398, 401
methods, 398-400
thieves, 392
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Sand, 191,196,217, 224, 238, 404,
659
Saturation, degree of, 132
magnetic, 615
relative of, 581
Sawdust, wood, 35
Scale, arbitrary, 12
measurement of particle shape,
64
Scaled, 531
Scan, eyes, 62
Scattering, 316, 554
cross-section for, 560
forward, 560
light, 405
low angle, 406
Mie, 554, 556
Rayleigh, 554, 557
Rayleigh-Gans, 556557
total, 557
Schmidt, 95, 578
Screen, unit length of, 244
Screening, 244
Screens, vibrating, 257
Scrubbers, 267-275
centrifugal, 274
cyclone, 207
flooded disc, 275
impingement, 268
jet, 275
orifice, 275
packed bed, 273
Venturi type, 275
Scrutiny, scale of, 219
Sections, 2-D, 498
Sector angle, 147
Sedimentation, 61, 313, 359, 403,
411, 600
gravity, 264
in laminar flow, 591
point, critical, 265
rate of, 412
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Seger-Cramer (machine), 406
Segregation, 169, 217, 220, 236,
392,398, 401
free flight, 218
pairing, 218
patterns of, 231
percolation, 218
vibrational, 218
Selection, 122
Semiconductor(s), 564, 567, 626,
627
Semimicroproble, 72, 481
Separation, 169, 251, 399, 583
distance, 583
electrical, 242, 253
electrostatic, 253-254
gravity, 242,252
magnetic, 242, 253, 255, 625
mechanical, 251
Set(s), fuzzy, 1, 61, 82, 443, 445,
447-448,483,487,491-492, 494,
504, 644-645
ordinary, 443, 445
particles, homogeneous, 567
Settlers, impingements, 399
Settling, 255, 358, 399, 591
SF1, 502
SE2, 502
SFE3, 502
Shadowing effect, 596
Shape, 18, 59, 62, 63,437, 502
analysis, 437
analyzing complex, 532
angular, 442
assessment, 69, 388
chromosome, 414
classification, 452
comparisons, standard, 416
cooperation, 415, 444
crystallized particle, 130
descriptions, two dimensional,
388
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determination methods, 387,
413
effect in segregation, 392
factor, 55, 502
generated, 69
geometric, 414
groups, 425
instrument measurement of, 62
particle, 518
rounded, 442
scale of, 60
term, 528
three dimensional, 63, 389
typical, 419
variation, 323
Shear, 98, 99
modulus, 296
planes, 174
velocity, 235
Sherwood number, 578
Shot plening, 119
Shovels, 392
Shrinkage, 294
rate, 292
Sidetracking, 207
Sieves, 250, 407-409, 466
Sieving, 108, 242,313,403
batch, 243, 247
continuous, 244
efficiency, 243
fine, 245
mechanical, 61
Riddes, 389
theory of, 248
wet, 410
Signature, 522
particle, 469
powder, 469
Significance, level of, 357
Silex, 112
Silica, 112
Silos, storage of bulk solids in, 168
Silver leaf, 656
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Single particles, theoretical size dis-
tribution of, 128
Sinter, cake, 4
Sintering, 57, 169, 291-300
Sinuses, nasal carcinoma of, 675
Si0,, 136,611, 648
Sites, polar, 549
Size, 12, 18, 59, 330, 429, 437,
501
analysis chart, 389
classification strategies, 61
continuum, 13
determination, 316, 323, 388-
distribution, 105, 144, 147, 400,
498
intervals, 330
of cluster, 158
particle, 133, 517
product, 103
reduction, 99, 100, 105
shape, 2, 12
term, 527
Skewness, 330, 333, 334, 336, 361,
364
Skin, 640
Slag, 35
Slate, 665
Slugging, 209, 214
Sturries, 189,628
Slurry, 170, 190-198
Small particle statistics, 328, 334
Smelters, Canadian, 597
Smog, 651-656
Smoke, 389
stack, 657
tobacco, 560
Smokers, 655
Smothering, 185
Snowballing, 142, 144
S0,, 650,652
Soap, 252
Soil, mechanics, 4, 235, 279
Solid, amorphous, 549
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dissolution in liquid, 577

ionic, 57

-liquid volume ratio, 117

melting, analog of, 210

rocker propellants, 228

specific gravity of, 198

surface, 60

volumetric concentration of,
118

Sol(s), 389, 412
Solubility, normal, 577
Solution, reprecipitation, 299, 300
salt in.comminution, 121
self-preserving, 144
Solvation effect, 412
Source, distance from, 600
function, 562
strength of, 600
Space, 229
three dimensional, 498
Spacing, failure zone, 219
Sparks, electric, 646
discharge, 276

Species, adsorbing, 39
Specific coalescence, 144
gravity, 316
heat, 630
surface, 207, 258,316
Specifications, 10
verbal, 439
Spectra, Tyndall, 557
Spectrometer, aerosol, 400
Speed, critical, 114, 234
wind, 600
Sphalerite, 35
Sphere, 59, 339, 416, 476.
optically isotropic, 555
relaxation times and terminal
velocities of (Table), 593
surface area of, 476
systematic assemblages (Table),
280
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Spherical, 388, 442
Sphericity, 345, 417
Spheroidal, 442
Spillage, of particulate material,
168
Spin rotation, 618
Spinning riffler, 392
Spiral, Archimidean, 217
Splat, cooling, 89-92
Splitting, 392
Spoilage, 4
Spores, 16
Spray, 5
dried, products, 16
dryers, 96
dusting, 242
electrification, 313
geometry, 88
“physiologically active, 647
surface area, 337, 338
umbrella, 89
Spraying, 83
paint, 89
Sputum, black, 648
Stack (of sieves), 606
Standard deviation, 224, 229, 233,
246,373,375
Starch, 191
Static methods, 402-403, 517
Statistics, 328, 356, 377
Steady state, 319
Steel, 81, 82,112
Stereology; 387, 498
Sticky,-240
Stirrer diameter, 579
rate of rotation of, 239
Stochastic processes, 238, 321
Stoichiometric ratio, 641
Stokes Law, 252, 265, 320
diameter, 359
Storage, 119, 216

bin, 184
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hoppers, 168

STP, 46

Strain, 284
total, 236

Stress, 284
at arch abatement, 175
compressive, 183
consolidation, 175
critical, 56
hydrostatic, 284
normal, 176
relaxation, 38
residual, 624
shear, 176, 181, 190, 235
state of, 279, 284
~strain behavior, 148
surface, 38
tangential, 38
tensile, 624

Stretching, 500

Sublimation, 550, 580

Subpatterns, hierarchical structure,

440
Subset, fuzzy, 495, 505
Substrate, 57, 58
Subsurface region, 16
Sugar, 188, 379
Sum, algebraic, 445

of squares, within group, 505

Superparamagnetic, 618
Superposition, 474
Supersaturation, 133-134
Support, impregnation of, 159
Surface, 16, 50, 57, 316,375

area, 5,313,375, 437

characteristics, 35

chemical analysis of, 12

cleavage, 36

concrete, 54

curved, 498

energy term, 55

excess, 36

external, 63

flat, 498

forces, 590

hot, 645

isothermal stretching of a, 38

perfect, 61

region, 36

roughening, 66

specific, 664

tension, 81, 83, 86, 147,317

thickness, effective, 228

total internal, 648

vicinal, 62
Surging, 114, 159
Susceptibility, magnetic, 612
Suspension(s), 190, 199, 238, 252

389,628

bare, 238

homogeneous, 192

thickness of, 557
Swelling (kaoline), 587
Symmetry, 457, 459-460
Synergistic effects, 650

3

T

Tablet, aspirin, 4
Tailings, 192
Tangents, distances between, 68
Tank diameter, 240
Taxonomy, 491
Temperature, 548

Curie, 615

effect of, 192

melting, 549

minimum ignition, 642
Tension, 99

mean interfacial, 578

surface, 38, 54, 569
Terraces, 41,42
Test, chi squared, 358

probes, 498

shear cell, 176

spot, 523
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Tester, Jenike, 176
Texture, 10,457,458
Tg, 549
Thermal conductivity, 327, 627-
628
Thermophoresis, 544, 573
Thickness, mean, 346
ThO,, 340
Thoria, 35
Time, 58, 568, 575, 581,611, 661
relaxation, 591
residence in crystallizer, 145
TiO,, 136, 184
Tissue, acting, 650
TLK, 160
Tm, 549
Toggle, 102
Toluene, 156
Tools, hard, 646
Topographical relationships, 498,
500
Torque, in ball milling, 116
Total bed volume, 24
fraction of occurrence, 333
mass, 249
sample weight, 220
Toxicity, 313
Tracers, natural, 524
Trachea, 647
Tradeoffs, 64
Trajectories, 401
Transcellular, crack in liquid, 56
Transducer, 283
Transform, Haar, 521
Walsh, 54

Transgranular,
fluid, 56
Transition, nonradioactive, 553
zone, 86
Translation variant, 475
Transmission, partial, 553
Transmittance, 558, 559

crack in gaseous

Transport, 189, 200, 216
hydraulic, 188, 189
Transportation, 194, 299, 604
Treatment, mathematical, 443
Triangle (Table), 525
Triangles, similar, 176
Triboelectric series, 264
Trucks, 392
Tubes, bronchial, 647
Tumbling, 99
Tungsten, 294
Turbidity, 557, 560-561
Turbulence, 322, 596
in gas, 581
lateral, 83
Turbulent, diffusion, 148
Tuyeres, 204
Tylor, 406

U

U minimum, 214
Ultracentrifuge, 412
Ultrasmall particles, 154
Union, 485, 497
Unloading, 231

U0,, 340

Utilization, energy, 167
v

Vomnin, 200

Vstand > 200

Vacancies, concentration of, 54
Vacancy, anion, 553

energy of formation of a, 44
Vacuum, permittivity of, 548
Valence, ion, 586
Values, linguistic, 490

of w, imaginary, 583
Valve, rotary, 203
Van der Waals, 39
Vapor pressure, 298
Variability, 330
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Variance, 219, 228, 330, 333, 361,
364
reduction ratio, 231
Varieties, 328
Vector, feature, 505
pattern, 440
weight, 511
Vegetable waste, 257
Velocities, settling, 400
Velocity, 264
average molecular, 573
burning, 661
characteristic, 591
drift, 278
empty column, 580
jet, 399
profile, 252
relative, 96, 342
root mean square, 273
stream, 608
tangential, 267
terminal, 254, 323, 592, 593,
596
threshold, 660
water jet, 83
wind, 596, 660
Vena contracta, 187
Ventilation, 649
Venting, 646
Verbal definitions, 69, 415
Vibrations, affect on segregation,
392
Vibrators, 185
Vidicon camera, Hamamatsu, 534
Viscometer, capillary, 413
Viscometry, 403,413
Viscosity, 96, 200, 264, 578, 592,
593,611
fluid, 85, 205, 207, 320
gas, 571
kinematic, 117, 609
liquid, 258
Visibility, poor, 316
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V-mixer, 218, 229
Void, 58
fraction, 211
volume fraction, 147, 207
Voidage, interstitial, 187
Volume, 405, 498
atom or molecular, 298
element, 556
molar, 54
molecular, 133
of crystallizing vessel, 134
‘of particles, 585
Vortices, 592
Vorticity, zero, 610

w

Wake formation, 322
Wal (7, 8),472
Walk, drunken, 328
Wall effects, 323
friction, angle of, 178, 180
Walsh functions, 476
Warren Spring equation, 177
Waste treatment, 323
particulates, 515
Water spraying, 267
Wave equations, kinematic type,
232
Wavelength, radiation, 405

Waves, square, 476
Wear, ball mill, 112

die, 288

of mill, 114
Weber number, 86
Weighing, 229
Weight, molecular, 96,413, 578
Welding, 645

rod, 4
Wet agglomerates, subtypes of, 146
Whatman, 400 ’
Whole field view, 167
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Wind, effect of speed, 597
gradient, 659
speed, horizontal, 601
Wines, clarification of, 317
Wire, 242
central, 399
-cutting, 120
mesh, 257
Words, information content of, 69
Work index, 127
reversible, 36

X
Xanthates, 253
X-ray, 59, 406

Y

Young’s equation, 50

Z

Zandi-Govatos equation, 198
Zero, absolute, 583
Zone, atomizing, 79
dust-free, 573
faiture, 219
of jet disintegration, 87
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