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PREFACE

Table Conference on Sintering. The conference, the latest of a series started in-

1969, was held at Portoroz, Yugoslavia,between September 7th and 10th, 1981,
The themes of the 5th IRTCS were the recent progress in theory and practice

of sintering processes. Contributions were also invited dealing with properties

of sintered materials influenced by the sintering.process. Papers were divided

into the following sessions:

- Sintering: Theories and Kinetic Pl BANSY G D gk b

- %intering inxheter3geneous‘systems

- Microstructural aspects of sintering

- The influence of powder characteristics, atmosphere and other parameters on
sintering ’

- Sintering and properties of sintered materials

- Special techniques.

Every session was introduced by invited paperé and concluded by a report and
general discussion concerning the contributed papers given as posters. The
presentation of all contributed papers as posters, an innovation in the series
of IRTCS meeting, proved to be a good opportunity for free and informal dis-
cussions during the conference, particularly between scientists working at
universities, in research and industrial laboratories. Each paper was displayed
during the whole duration of the conference to allow for all the material to be
digested.

An evening session waérdevoted to panel discussion on the relevance of
theoretical approaches to practical systems. To the astonishment of local hosts,
the participants gathered for this session at 9 pm and finished informal
discussions in the early morning hours.

The conference attracted some 140 participants from various European
countries, USA, India, Japan and China.

The organizers were fortunate in having considerable cooperation and
assistance from the members of the International Advisory Committee, session
chairmans, referees, invited speakers, contributing authors and conference
staff. To all of them we extend our grateful thanks.

On behalf of the participants and the ceramics community, we gratefully
acknowledge the financial support pfovided by the Research Council of Slovenia,
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- ‘the Oomnitt‘ee for Coordination of Science and Technoiogy in SFR Yugoslavia
and J. Stefan Institute in Ljubl jana. ‘

The organizing comnittee is also grateful to the f‘ollowing organizations

which f'inancially assisted the conference.

- Iskra, Electrical Industry, Ljubl,janh

- Industry "Prvi Partizan" Sinf.ered mtals an;t.«cemenbed Carbides Factories,
Titovo UZice

- Zorka, The Non-metallic Minerals-and Oonstruction Materials Plant Sabac

- Institute of Technical Science of SASA, ‘Beograd

Center for Multidisciplinary Studieé, Belgrade University

- Sintal, Sinter Metals and Tools Factory, Zagreb ,

"~ Rade Kondar, Electrochemical Institute, Zagreb - -

- Exoterm-Cgemical Industry, Kranj o 3 !

" - Termika-Industrial and fitting enterprise for insulation, Ljubl jana ¥

“Last but not least, we are grateml to the members. of. J. Stefan .
Oeramic laboratory for smoot.hly conducting the conferenee.

y -, @ i b

u‘ago KTa?\ -
1Stane Pejovnik v
Mcilo M. Ristié

- i



1, SINTERING: THEORIES AND KINETIC



vl

CONTENTS

Page
PREFACE
PART 1. SINTERING: THEORIES AND KINETICS
CONTEMPORARY DEVELOPMENT OF THE SCIENCE OF SINTERING vuuveuevnnnn.... wwam © L
M.M. Ristié
RECENT DEVELOPMENTS IN THE THEORETICAL ANALYSIS OF SOLID STATE SINTERING . 17
D.L. Johnson
LIQUID PHASE AND ACTIVATED SINTERING wuvueeeeenonceeenneeennns w76 Bio B W16 678 Wi 27
G. Petzow, W.A. Kaysser and M. Amtenbrink
STATISTICAL THEORY OF SINTERING AND MICROSTRUCTURE EVOLUTION S18 & 676 ST 5% STRE 37{

G.C. Kuczynski »

GENERAL ASPECTS FOR THE OPTIMIZATION OF PRESSING AND SINTERING CONDITIONS
OF COPPER COMPACTS ..vevevennos o oib'e wie wisye $1wiE WLS §10 § BE6 153 §58 W5 & Bie) Aikke woe o wm evei s 0 .
H. Schreiner and R. Tusche

PERCOLATION THEORY APPROACH TO SINTERING . vuevveennrennnnoennnenneennnn..
J. Kertész and T. Vicsek

KINETICS AND MECHANISM OF SINTERING OF COVALENT-IONIC COMPOUNDS ..........
P.S. Kisly and M.A. Kuzenkova

THE INFLUENCE OF PARTICLE SIZE ON INTERMEDIATE AND FINAL STAGES OF
MOLYBDENUM SINTERING ........ $ 6 5 W10 WIBE 56 5 Wik 50916 Bibie wim o ieie wiaie Wie & Biw 8 WS BE 8 S5 B S

SURFACE ENERGY OF SILICATE MELTS AND ITS IMPORTANCE IN SINTERING
PROCESSES. + 4ie wieis s« 315 8 615 & 86 5 5600010 mcor o o10 core a'0 o o' o 510 5ioie 5106 216 5 815 6000 315 5 orm me o ore o
L. Zagar, O.E. Klinger, W. Stumpfe and K. Ldwer

SOME MAGNETOLOGICAL INSIGHTS IN THE CONSOLIDATION OF METAL POWDERS .......
D. Duzevié, A. Kirin and A. Bonefadié

GEOMETRIC AND STRUCTURAL ASPECTS OF SINTERING OF MODEL AND REAL SYSTEMS ..
P. Lanyi and W. Hermel

COMPARISON BETWEEN THEORY AND EXPERIMENT IN THE SINTERING OF UNDOPED

MEO cicirineincrnnnianencescocnoocnscsnanss ceeessesccccctsecttnccceaneanns
G. Tomandl and A. Stiegelschmitt

SINTERING OF MAGNESIUM-OXIDE OBTAINED FROM SEA WATER +..ovwvwnn... e 5 & BB
B. Petric, N. Petric, N. Bogdanovié and M. Mirosevié-Anzulovid

SINTERING AND DEVITRIFICATION OF SLIP-CAST FUSED SILICA «vuvvuvonnnonnnnn.
D. Kidevié and M. GaSié

HIGH-SENSITIVITY DILATOMETRIC SETUP FOR INVESTIGATION OF SINTERING OF
HIGH-MELTING COMPOUNDS IN CONTROLLED ATMOSPHERES .. euvusenvsvnnsnrnnnnnn..
V.N. Klimenko, E.M. Petrova, and V.A. Masl juk

45

53

107



VIII

CONTENTS
PART 2. SINTERING IN HETEROGENEOUS SYSTEMS
THE USE OF SOLID SOLUTION ADDITIVES IN SINTERING ........ e s o B 135
R.J. Brook, S.P. Howlett and Su Xing Wu
REBCTTVE "SINTERTING. o.x ouors sisis wis simis sims scn s g s & o s e 2 ceeee. 1B5
R.L. Coble
INVESTIGATION OF Mgo DOPED vy -Al O SINTERING oos soié oo wivia ss & re bbod mie @ 153
J.. Katanié-Popovié, M. Gasié and D. ﬁlcevic
EFFECTS OF MAGNESIUM COMPOUND ADDITIVES ON SINTERING OF MAGNESIA ...... 159
K. Hamano, Z. Nakagawa and H. Watanabe
SINTZRING KINETICS OF Al O3 DOPED WITH Mng206 u o 575 &'eim einde axate ceeeen veses BB

G. Wrdblewska

THE INFLUENCE OF DOPES ON THE STABILITY OF GAMMA ALUMINA CATALYST
SUPPORTS' s s a-sie o 0o o6 ois & a0 8 seseceescssssesssassasecncnses i Sak Ve 5 o ek 8 173
H. Schaper and L.L. van Reijen

N

". INTERFACIAL SEGREGATION AND ENHANCED SINTERING PROCESSES tevvveeevevenen 177
R.M. German

SINTERING OF SYNROC: CASE HISTORY FOR PHASE FORMATION AND DENSIFICATION
OF COMPLEX OXIDE SYSTEMS tevcecccccccncescassoscacncccanaacs e i T are s wis e wre 185
H. Pa/mour IIT and T.M. Hare

REAQTIVE SINTERING IN THE BaO:ZrO, 1:1 SYSTEM ..eeeeeeeennn.. ‘; .......... 193
J. Brzezinska, K. Haberko, R. Pampuch

SHRINKAGE AND INITIAL GRAIN GROWTH IN BaTiO3 CERAMICS ..vveiecccacennas 203
Hy Schmelz

StNTERING OF MULTIPHASE CERAMICS ......... N PP ORI, I A ce. 209

P Reynen and A.C. Firatli

SINTERING OF.BETA ALUMINA POWDERS OBTAINED BY SOL-GEL PROCESS ....ceve.. 219
PRELIMINARY STUDIES
A. Deptula, C. Majani, A. di Bartolomeo and M. Carewska

SINTERING OF ZrOz-CaO AND Zro2 Y. O3 POWDERS OBTAINED BY SOL-GEL PROCESS. 22?
Cs MaJanl A. Deptula M. Caré&wska; A. di Bartolomeo, R. Przytycka

REACTIONS AND SINTERING OF ZrO -DOPED SPINEL oo ws bdis nenaa S S S e AR 239
J. Wallace, T. Kosmad¢ and N. Cfaussen

THE INFLUENCE OF THE LIQUID PHASE AMOUNT ON THE DENSIFICATION OF .
Sl3N ~BASE CERAMICS ..cccee seccncscibessssacscens 87 scbiadid 2.0 bk 4bsieaboche 245
Boskov1c T 2

 SOME ASPECTS OF TRANSIENT LIQUID PHASE SINTERING ...iveveweecvsnscennls. 251
S.J. Kiss, D. Cerovié and E. Kostié

THE GRAIN GROWTH IN ALUMINA.DERIVED FRQM BELS . s Vuvieidionasbiniociusnnt 25T
L3.M. Zivkov1c and M. M. Rlstlc

DIKFUSION ROCESSES IN\SINTER OF'MULTIGDMBONENT'SYSTEMS',.;m....;.... 263
P.A. Vitiaz . R W E



IX

CONTENTS ‘
OBSERVATIONS ON DIMENSIONAL CHANGES DURING SINTERING OF A1~Cu-GOMPACI’§ ~269

T W Kehl and H. Fischmeister : Fi

INFLUENCE OF Ni-ADDITIONS ON GRAIN BOUNDARIES DURING SINTEBING OF MO tee 275
W.A. Kaysser, M. Amtenbrink and G. Petzow ; RBh

SINTERING IN THE NICKEL-ALUMINA SYSTEM ..ccccccecccoonccccccibonsanncsss 283
1.P. ArsentJeva D. Stefanovié, V. Mikijelj, M. Pav1ceV1c and M M.Rlstlc

EFFECT OF ALLOYING ADDITIONS ON SINTERING OF IRON - PHOSPHORUS sy
PREMIXES .ecevececccns Ceecesccciesssctetntcctectscscecsssaesssiassoeaess 291
G.S. Upadhyaya and M. Hamiuddin ) i ; AN

~

SINTERING OF CAST IRON SWARF POWDER AND Fe-Si-C MIXED POWDER ..... ......' 299
Z. Hara, K. Akechi and K. Hanawa J By

mmmmmmmxmwmmmsmmmmmwor )
stmsmnmmsmmraswmmmms 305
Yu.V. Naidich, G.P. Volk, I.A. Lavrinenko :

|

PART 3. SINTERING MICROSTRUCTURAL ASPECTS

GRAIN GROWTH OF TUNGSTEN FIBERS IN A W-Nl COMPOSITE DURING SOLID AND'
LIQUID ‘PHASE. SINTERING.. oo sasere:s sis ais /516 o516 & & oS Wi W0 & S s ik Sieie Saleinte Sidterer P 303
L. Kozma and E.-Th. Henig )

PARTICLE GROWTH BY COALESCENCE DURING LIQUID PHASE SINTERING OF Fe-Cu .. 321
W.A. Kaysser, S. Takajo and G. Petzow

GROWTH OF ISOLATED MACROPORES- IN‘A SILICA CERAMIC c..ceecevccococes ......‘ 329
D.D. Gramatikov, M.I.. MiloSevski and M.M. Ristié

THE EFFECT OF MgO ON INTRAGRANULAR PORE ENTRAPPMENT IN SINTERED ALUMINIUM
OXIDE v.eecioveomnsousedeinrhe SIS Aiaer a0 e pmie e w avdie e sishais b ate 6l6s wibs bR 2TA3D
J.E. Burke and S. Prochazka >

DEVELOPMENT OF THE MICROSTRUCTURE OF SEMICONDUCTING BaTlO3 CERAMICS .... 343
K. Lubitz 7 :

GRAIN GROWTH IN DOPED—UNDOPED CERAMIC BaTJ.O3 COUPLES ....;..........;... “349
B. Hoffmann, D. Hennings and M. Klerk

GRAIN BOUNDARIES IN SINTERED CARBIDES L6400 e wineaie pibie o5 e aib 06 BiEs hiE 86 4 7,355
R.A. Andrievsky

MICROSTRUCTURAL CHANGES AT GRAIN.BOUNDARIES DURING SINTERING OF DOPED
BaTiO., CERAMICS WITH SMALL. ADBITIONS OF T10 R R R TP PP PPN 361
M. Dréf n1k S. Pejovnik, L. f?mancnlk 1. énik-and V. KraSevec =

EPITAXTAL GROWTH OF ZnO LAYERS - A NEW ASPECT IN HOMOJUNCTION MODELS :
OF Zn0O VARISTORS .....J..........a............................... ...... & 367 -
I. Baumgartner and R. Eanlnger i

METALLOGRAPHIC AND STRUCTURAL INVESTIGATIONS OF LEVITATION SPLAT

D. DuZevié, A.M. Tonejc and Vs Krasevec

,/“



CONTENTS

ON FORMATION OF THE STRUCTURE OF SINTERED DISPERSION STRENGTHENED

MATERIALS Gcsiisasnwcvsssseemensnes aie_pk &8s iR BING Sleie e o e Srele BiNiS SIS 8L RIS S1E
I.M. Fedorchenko LI, Ivanova, A N. Demidik, G.F. Sarjhan

. COARSENING MECHANISM BETWEEN 800° AND 1&00 C OF THORIUM OXIDE PARTICLES
DISPERSED IN A NICKEL-COBALT MATRIX .ccccceccccccccocns eesecccee cecenns
M. Ghodsi and T. Beatse

PART 4. SINTERING: THE INFLUENCE OF POWDER CHARACTERISTICS, ATMOSPHERES
AND OTHER PARAMETERS

SINTERING ULTRA-DISPERSED METALLIC POWDERS ¢cceevoees toveesessseneceese
V.V. Skorokhod '

SINTERING BEHAVIOUR OF AN YTTRIA STABILIZED ZIRCONIA «eeeeeveeneneeenes
L. del Olmo, P. Duran and C. Moure

THE SINTERING BEHAVIOUR OF AN ACTIVE PREMULLITE POWDER OBTAINED FROM
KANDITES s ww o wie sui w1 w76 » PR PR e T g T T 1T
J.S. Moya, F.J. Valle and S. de Aza

SYNTHESIS AND SINTERING OF ZIRCONIA FINE POWDERS BY HYDROTHERMAL
REACTIONS FROM ZIRCONIUM METAL AND HIGH-TEMPERATURE HIGH-PRESSURE
SOLUTIONS: wies s sie Siaia bl 8 a08 ¥% & ajea BTe i & W8 oot wivié 4% secesescen eesncscccsnswse
M. Yoshimura and S. Somiya

INFLUENCE OF POWDER CHARACTERISTICS ON THE SINTERING OF LEAD ZIRCONATE
TITANATE POWDERS ceceeecacecceccnacancncnnas o #70i6 B0E B %6 5.5 bR We 6 & Bivie s
R. Lal and P. Ramakrishnan .

THE EFFECTS OF PRESSING PROCESS ON SINTERING PROCESS AND FINAL COMPACT
PROFERTIES! o s 60 6506 50608 568 & 6 evess esere o  maTl we wid B——— « S W A S R T
D.C. Stefanovié and M.M. Ristié

GRAIN AND PORE GROWTH DURING THE SINTERING OF MgO AT DIFFERENT WATER
VAPOR PARTIAL PRESSURES ¢.cceeeeccnces & FT6i4 O 6 Bles misid-n 3e"Sinrs xazamie ouste e ¥
J.A. Varela and 0.J. Whittemore

THE INVESTIGATION OF SINTERING PROCESS AND THE STRENGTH OF SKELETON
C CERAMICS tiecenieeeencccnnccceecscsncacosecscacansassscensansasncnccons
Yu.L. Krasulin, A.B. Ivanov, V.N. Timofeev

CHANGES IN DISLOCATION AND ELECTRONIC STRUCTURE DURING COPPER CONSO-

LIDATION' +i; oue oore oo s 60 500 66 556 566 55 696 & csccscscccccanccnnas o visre widie i o -
M.I. MiloSevski, D. Stefanov1c and M.M. Ristié

PART 5. SINTERING AND PROPERTIES OF SINTERED MATERIALS

MECHANICAu AND ELECTRICAL PROPERTIES OF FAST FIRED PORCELAIN (2 HOURS,

1300°C) weuncnnnneenerecereennnnnnanenas ecsesessccscecccccaccscnns cevse
H. Mortel
SINTERING OF PARTIALLY STABILIZED ZIRCONIA eeveeeuvon.. cescece cesecens .

B. Pavlovski and L. Ilievska

379

387

395

401

409

417

423

431

439

uu7

453

463

471



CONTENTS

COMPUTER SIMULATION OF GEOMETRY CHANGE DURING LIQUID PHASE SINTERING o
Z.S. Nikolié and M.M. Ristié

SINTERING OF CALCIUMPHOSPHATE CERAMICS FOR BIOMEDICAL PURPOSES ..c.ccce-
K. de Groot '

THE PREPARATION OF FINE GRAINED THERMOELECTRIC ALLOYS BY VACUUM HOT
PRESSING cccoscccacccse Ssesessessssasasseseessececnesssdassestaiasnsees
D.M. Rowe

OF BRTTTLE COVALENT CRYSTALS AND CORRESPONDING SINTERED MmEERIALS .....
V.I. Trefilov, M.M. Ristié, Ju.V. Milman, D.P. Uskokovié, “I.V. Gridneva

THE INFLUENCE OF GROWTH CONDITIONS ON STRAINS IN YAG CRYSTALS .........
A. Valdié, R. Roknié and S. Nikolié

THE INFLUENCE OF TITANIUM CARBIDE AND BONDING PHASE COMPOSITIOﬁ’ON THE
PROPERTIES OF TITANIUM CARBIDE-STEEL CERMETS .ccccccccvccccscscccccaces
S.S. Kiparisov, Z.D. Khocholava, V.K. Narva

EFFECTS OF COLD ROLLING AND ANNEALING ON THE MECHANICAL PROPERTIES OF
9OW=TNi~3Fe HEAVY ALLOYS ¢eveccececccccccccccccscscscsccscacsnsccccccsns
M. Yodogawa

THE EFFECT OF THERMAL TREATMENT ON. MICROSTRUCTURE OF NICKEL BASE PM
SUPERALLOYS srece iave wiays Gidie Wi S50k BB TS 31576 W6 BB SIVIR RUNE ST U0 o %56 Sies Sidie wm Swe wiwe ®
M. Mitkov, M. Gligié and Dj. Nikov1c

INFLUENCE OF SINTERING TEMPERATURE OF WMn LAYER ON STRUCTURE AND
STRENGTH PROPERTIES OF CERAMIC-TO-METAL SEALS ..cccccccececcccccne o ereteie
A.J. Grodzinski

THE THERMINAL LAYERS IN THE "CERAMICS-METAL" JOINTS AFTER SINTERING ...
W. Wlosinski

PROPERTIES OF MoMn LAYERS SINTERED ON CORUNDUM CERAMICS ....... cesesase
W. Olesinska

THE EFFECT OF RHENIUM ON THE PROPERTIES AND STRUCTURE OF SINTERED

TUNGSTEN-RHENIUM MATERIALS ccececceccccaccecccocsccoscoscssnansnsacscse
S. Stolarz, K. Wojtasik and M. Wojtasik

PART 6. SINTERING: SPECIAL TECHNIQUES

SOME ASPECTS OF POWDER AND COMPOSITE MATERIALS DEFORMATION THEORY AS A
BASIS FOR IMPROVING COMPACTING AND SINTERING PROCESSES .ccccececccccccs
S.S. Kiparisov and V.E. Perelman

ULTRA-RAPID SINTERING OF CERAMICS (cecceecccccoces v win esens; axate ssens wim afhsh & % bk
D.L. Johnson and J.S. Kim

EXAMINATION OF THE DENSIFICATION PROCESSES AND THE STRUCTURE FORMATION
IN SHORT-TIME SINTERING OF CEMENTED CARBIDES ...cecececcccsccccsccccons
W. Hermel, R. Krumphold, G. Leitner, S. Siegel and K. Voigt

XI

b7

483

487

L97

505

511

519

521

533

539

545

551

561

573

579



\

\.
\\
XII
B CONTENTS
HOT PRESSING DILATOMETRY+ THE STUDY OF SINTERING MECHANISMS o8 0vuin um s 585
R.J. Brook, E Gi . Hind and J. Vieira

HOT—BRESSED OXYNITRIDES IN THE SYSTEM AIN=AL.Oo eeueenennnnnneimvenseee 591
T.: Sakai 23 T

HOT PRESSING AND PROPERTIES OF DIFFERENT 513Nu,QUALITIES ceeencecennas oo BT e
G. Grathwohl, S.B. Hanna and F. Thimmler T

FABRICATION OF NON-OXIDE CERAMICS BY HOT ISOSTATIC PRESSING (s penasese 605
T. Yamada, M. Shimada and M. Koizumi

RECENT TRENDS IN UNDERSTANDING DYNAMIC COMPACTION OF POWDERS........... 611
. H. 'Palmour III , V.D. Linse and R.M. Spriggs

THE KINETICS OF DENSIFICATION OF BINARY TITANIUM-CHROMIUM DIBORIDE
WITH COPPER-NICKEL BINDER .+ et senenennnsnncesoconsenseensennennsennes 610
M.S. Koval'cherko and L.F. Ochkas s

FORMATION OF PROPERTIES OF POWDERED CARBIDE STEELS UNBER QUASI--
ISOSTATIC PRESSING «eevececccccaccoscasnnnnancnacanascnssssacssocccenes 625
V.M. Gorokhov, M M. Dechko, E.A. Doroshkevich and 0.V. Roman

THE APPLICATION OF THE PROGRAM FOR AUTOMATIC ACQUISITION AND CHARACTERI-
ZATION OF X=RAY-EMISSION SPECTRA OF SOME LIGHT ELEMENTS .e.eeeeveeese.. 631
I. Grzetié, D. Golijanin and M.K. Pavidevié

THE INFLUENCE OF ENGLISH TERMINOLOGY USED IN POWDER METALLURGY ON TERMS
FORMATION IN THE SAME FIELD, EXPRESSED IN OTHER LANGUAGES ...evveveeon. 637
S.M. Radié

PART 7. PANEL DISCUSSION ON THE -RELEVANCE OF THEORETICAL APPROACHES TO
PRACTICAL SYSTEMS

ON THE RELEVANCE OF THEORETICAL APPROACHES TO PRACTICAL PROBLEMS

(Theses fOr DiSCUSSION). eeeeeesceoeioccacoccccecenens wiv o 5 siek sk swmaie s 1 -OU3
D. Kolar 2T
/ 4
Author Index ....... aiers wim st sidie dn R — s sl SEh .../C, ..... oF T 649
/
Subject INAEX sccswesecsssoecssssssscansooseneaes win i winfe wia wus wimiw wievy whe s 95;
y 5 /'/ //
s &l /. = N
~ \ = = 23
N . e
T ' ///////
///
// :
///‘/ i




" Sintering — Theory and Practice. Proceedings of the 5th International Round Tablé S
Conference on Sinteririg, Portoro%, Yugoslavia, 7—10 September 1981, D. Kolar, X
S. Pejovnik and M.M. Risti¢ (Eds.), Material Science Monographs, Volume 14, pages 1—15
©.1982 Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

L 5 /f’(-

CONTEMPORARY DEVELOPMENT OF THE SCIENCE OF SINTERING P

M.M. RISTIC, »

Center: for mult;g;ggiplinary“studi}'Beléréde University, and
InstitﬁEé'ofiiééhnical sciences, Serbian Academy of the Sciences and
Arts, Belgrade, Yugoslavia _ ' -

ABSTRACT o i _—

In a great number of recently published papersywtke”?iszzg; of

sintering ie regarded from the atomic point of view. Fundamental
itnvestigations of the process of sintering, stanrted by Ya.I.Frenkel,
. B.Ya.Pines and G.C.Kuczynski, are based on_fﬁe aéuﬂy of atomie models.
The contemporary contributions mainly represent further development
of their assumbtions. The study of kinetics of gintering of real
materials is based principally on a phenomenoiagzéal descriptioh,;f
the macrochanges during the process itself.

However, the research on the‘electronic theory of the lid state ig
worthy of attention from the poinf of view of further development of
the theory of,éintering. Its further stages can be explained from "
théapoint of view of G.V.Samsonov ‘s configuration model of. the a&Zﬁdk

N

‘8tate. , ) N
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' 'Indiiputable is the fact that in the dialectic\development of
the science of sintering, the papers of.Ya.I.FrénkeiiIEJq B.Ya.
‘Pines |2| and G.C.Kuczynski | 3] contributed considerably to a sud-
den and stimulating }iSe from a microstructural towards an atdmistic

conception Qf thi;\p;oégbs in the middle of this centufy. At the '7rﬂ;i

\

same time, a ﬁhenbmenologiggl§ﬁheqry established by V.A. Ivensen ]

appeared. . ' '
Theoretical pPrinciples of the science of sintering ascertained

by the above-mentioned authors have Been considered, even up to the

present day, as a firm basis for further development of this science

and have also been used very often in the interpretation of-resuits'

obtained du;ing investigations/of real materials sintering. If ob-
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served from a general point of view, it can be said that today, in
order to explain the sintering process, the following approaches
exist: idealized models, reological, statistical and phenomenolo-
gical (empirical) approaches.

Further to this, no less attention should be paid to the con-
tribution of Ya.E.Geguzin and his book "Physics of Sintering" [5],
which has‘alfeady become . a classic. In this book, the author dis-
cusses in a critical and universal way the science of sintering
from an atomistic point of view. A similar attempt, although more
descriptive, has recently been made by H.E.Exner who wrote the book
"Principles of Single Phase Sintering" |[€|. After all, detailed
analyses of scientific papers published till these days show that
an atomistic approach to the problem, even in the modern sc¢ience of
sintering, i; used for an explanation of phenomena and properties,
only. In this 1light, this is the field wheré, among other things an 2 w
explanation concerning the statement of M.H.Tikkanen |7|, as quoted:

"The fact is that basic research in powder metallurgy has long been
in a state of ‘crisis" should be sought.

This, however, should not be comprehended one-sidedly, as the
development of the science of sintering depends, to a considerable
degree, on progress both in the physics and the chemistry of the
solid state. Modern solid state physics is mainly based on the ato-
mistic structure of solids. It is the electronic structure of solids
that is considered responsible for its properties and consequently
for processes taking place in the solid state. Within this, fof
example, a diffusion mechanism can also be determined by the elec-
tronic stfucﬁure of a crystal. Having this in mind, it is logical to
expect that the science of sintering as a multidisciplinary science,

"will further develop, as well, in accordance with progress in solid
state physics and chemistry.

A critical anhlysis of some papers which, according to our opi-
nion, can give in a certain way, a general review of the modern state
of the science of sintering, is presented -in our paper. This analysis
comprises the papers dealing with the problem of solid state sintering,
principally publlshed from 1977 on, thus giving a modern level survey
of this field of science.

Sintering Models

Following the methods of modern solid sfaterphysics and chemi-
stry, the science of sintering, frqm its very beginning, based its
fundamental investigations on very idealized models. Apart from



this, interpretation of the results obtained during experimental
studies of real materials sintering is very often simplified so

much so that a polydisperse powder is presented as a.system of

ideal spheres of the same size. Not wishing to analyse the absurdi-
ty of these manipulations on a macroscopic level, we shall focus our
attention on presenting an interpretation of the sintering process
on a microscopic level.

G.V.Samsonov |8-11| was the first to pointout the unity that
existed between the sintering and the pressing process. In the most
recent papers of E.Y.Gutmans and his collaborators 112,131, the
pressing process is treated as "cold sintering". By the term "cold",
they consider that the temperature under wﬁich the process is being
performed is lower then Tm/2, where Tm is ‘the melting point of the
material (absolute temperature). Having analysed a series of mate-
rials that were cold.sintered, they showed that plastic flow of the
powder partiéles in gradients of high pressure leads to cold sinte-
ring in many materials. High mechanical properties of the cold-sin-
tered samples were observed for materials with high melting points
(Tm/2 ==300). This indicates that diffusion dependent processes
play, at most, a secondary role in cold sintering processes 4],
making for better adhesion through enhanced surface diffusion and
pipe diffusion in heavily deformed regions, or through recrystalliza-
tion at grain boundaries. ‘

It is obvious that to consider the pressing process as cold
sintering, even at the atomistic level, is fully justified. D.Ste-
fanovié and M.M.Ristié have investigated this process in a series
of papers |!5717], taking into account the electronic structure of
materials (Fig. 1). They indisputably proved that when the work
function-of a material (measured by thermoelectric force - TEMF)
in certain stages of the process is known, the occurehces described
recently by following the changes in macro-characteristics of a sy-
stem can be substantially expiained in a satisfactory way from a
unique point of view.

K.I.Euler, together with his collaborators, investigated the
thermoelectric effect that exists during the copper pressing
process |18|. The results obtained show that such measurements
can be reasonable only if the investigations are carried out on
metal powders, the surfaces of which are not oxidized. In the nor-
mal case, when metal surfaces are oxidized, investigations of the

influence of the pressing pressure are carried out on a metal-semi-’



