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FOREWORD
P/M ‘84 Proceedings

The seventh international powder metallurgy conference, P/M ‘84, sponsored by the Metal Powder
Industries Federation and the American Powder Metallurgy Institute was held June 17-22, 1984 at the
Sheraton Centre Hotel in Toronto, Ontario. The proceedings of this conference, Volumes 15, 16 and 17
of “Modern Developments in Powder Metallurgy,” contain the reports of original research and the status
of current technologies as presented in technical sessions and workshops. These papers are supplemented
by plenary presentations on the status of the industry around the world.

The theme of the conference, “Sharing the World of Powder Metallurgy,” was personified by the
activities of more than 2,000 participants from thirty-five countries at the technical sessions, workshops,
seminars and exhibition. Manuscripts were sent from five continents and were selected by a Technical
Program Committee having international membership. The technical program ultimately contained 235
presentations throughout the week-long gathering.

The success of special topics focus at previous meetings led the Technical Program Committee to
schedule four seminars at P/ M ‘84, The seminar topics included Atomization Processes, Superalloys,
High-Density P/M and Coatings and Hard Alloys. The lectures presented at these seminars were
provided as preprints at P/ M ‘84 and may be published as monographs and in the “International Journal
of Powder Metallurgy.”

Aninnovation at P/ M ‘84 was the eight workshops which focused upon Research in Progress, Energy
Technologies and six special topics. Authors have selectively submitted their papers for publication and
most have been included in these volumes along with papers from the Technical Sessions.

The editors wish to thank the members of the Technical Program Committee for their diligence and
criticism throughout the three-year period - from conception to publication.

The three volumes collect the papers in a traditional partition. Volume 15, “Principles and Processes,”
contains 51 technical papers on powder products, consolidation, fundamentals and applications. The
papers from the Plenary Session and the report on the 1984 P/M Part-of-the-Year Winners are included.
Volume 16, “Ferrous and Nonferrous Materials,” contains 41 technical papers concerned with iron,
copper, aluminum, titanium, nickel and cobalt materials. Volume 17, “Special Materials,” contains 49
papers on refractions, carbides, steel, magnetic materials, friction and wear, and quality. The Welcoming
Luncheon address and the P/ M Pioneer Award presentation are also included in this volume.

Edward N. Aqua Charles I. Whitman



PREFACE
1984 international Powder Metallurgy Conference

P/M ‘84 offered an unique opportunity to its participants to communicate with one another, to
exchange. ideas and to establish an international relationship that makes an industry grow and a
technology move forward. The recording of the formal presentations in these three volumes preserves for
posterity those contributions and makes them available to a still wider audience in perpetuity.

The sponsors of P/M ‘84, the Metal Powder Industries Federation and the American Powder
Metallurgy Institute, as well as all those who were present, owe a debt of gratitude to the many individuals
who served on committees; to the professional staff of the Federation and the Institute at Princeton who
were responsible for all of the details and their coordination; to those companies whose contributions
made the event a pleasant and memorable one; to the exhibitors who displayed the latest examples of
advances in powder metallurgy technology; and, certainly, to the authors and moderators and those
associated with the technical aspects of the conference. As are all Federation sponsored technical
conferences, P/M ‘84 was conducted under the auspices of the Federation’s Technical Board. We
acknowledge and thank all.

Below are the names of those who expended such efforts, who devoted the time and that of their
company, and gave of themselves to make P/M ‘84 a memorable, worthwhile and pleasant event for all
who were privileged to be there:

Technical Program Committee

Edward N. Aqua, Co-Chairman Erhard Klar
Aluminum Company of America SCM Metal Products
Charles 1. Whitman, Co-Chairman Kishor M. Kulkarni
SCM Metal Products Cabot Corporation
James G. Bewley Alan Lawley
National Forge Press-Tech Drexel University
Joseph M. Capus Larry N. Moskowitz ]
Quebec Metal Powders Limited Standard Oil of Indiana
Earl A. Carlson Steven Reichman
PROMETECH Wyman-Gordon Company
B. Lynn Ferguson Pierre W. Taubenblat
Deformation Control Technology AMAX Base Metals R&D Inc.
Cynthia L. Freeby John K. Tien
The New Jersey Zinc Company Columbia University
Randall M. German William J. Ullrich
Rensselaer Polytechnic Institute Alcan Ingot and Powders
W. Brian James Krishna Vedula
Hoeganaes Corporation Case Western Reserve University

International Liaison Committee

Henry H. Hausner, Chairman South Africa - N. G. Murray
Australia - N, C. Kothan South Korea - I, H. Moon
Austria - H. Bildstein Spain - A. V. Gold

Brazil - V. Chiaverini Sweden - P. G. Arbstedt
Canada - J. M. Capus Switzerland - G. H. Gessinger
Czechoslovakia - . Docekal Turkey - E. M. Uygur
Finland - M. H. Tikkanen U.S.S.R.- 0. V. Roman
France - M. E. Eudier United Kingdom - P. Lea
India - M. T. George West Germany - G. E. Petzow
Japan - K. Hayashi Yugoslavia - M. M. Ristic

People’s Republic of China - H. Yufang
Poland - S. Stolarz
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International Coordinating Council
U.S.A. and Canada

Metal Powder Industries Federation
American Powder Metallurgy Institute
Kempton H. Roll, Council Chairman

Australia
Powder Metal Industries Association of Australia
David Whitelaw

Austria

*Qesterreichischer Fachausschuss
Fuer Pulvermetallurgie

Benno Lux

France
*Societe Francaise de Metallurgie
A. Accary

India
Powder Metallurgy Association of India
N. Thomas George

Italy

*Associazione Italiana Di Metallurgica
Centro Metallurgia Polveri

Gian Filippo Bocchini

AS-SINTER
Riccardo Tosi

Japan
Japan Powder Metallurgy Association
Hiroyoshi Kurata

Scandinavia (Denmark, Finland,
Norway, Sweden)

*Jernkontoret

Ausschuss 8, Pulvermetallurgie
Per Hellman

South Africa

Powder Metallurgy Association of
South Africa

R. Cooper

United Kingdom
British Metal Sinterings Association
L. W. J. Case

*The Metals Society, Powder Metallurgy
Committee
Malcolm Burnham Waldron

US.S.R.
Byelorussion Powder Metallurgy Association
P. A. Vityaz

West Germany

* Ausschuss fur Pulvermetallurgie and
Fachverband Pulvermetallurgie

G. Petzow

*Member, European Coordinating Committee for
Powder Metallurgy
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Publicity Commitizce
P. K. Johnson, Chairman
MPIF/ APMI

V. Diehl
United States Bronze Powders, Inc.

B. Farley
GAF Corporation

G. Gaines
Union Carbide, Linde Div.

E. F. Grady

C. 1. Hayes

B. S. Henderson

Aluminum Company of America

W. R. Johnson
Newmet Products

H. S. Meeks, 111

Valform

L. Riddle

GTE Precision Materials Group

W. A. Tavani
Air Products and Chemicals, Inc.

J. Toops
ASEA Pressure Systems, Inc.

R. Vallee
Nilsen (U.S.A)) Inc.

R. Walsh
Precision Metal Magazine

Spouse Program
Jean S. Roll, Honorary Chairman



These companies played a major part in contributing to the success of P/M ‘84 by providing the special
gifts and sponsoring the special events. Their generosity is greatly appreciated. These are often what
makes the difference between an ordinary meeting and a special memorable and worthwhile event.

Hoeganaes Corporation Alcan Ingot and Powders, Inc.
Banquet Favors Conference Badges

Quebec Metal Powders Limited Southwestern Graphite Company
Registration Portfolios P/M ‘84 Pencils

Domfer Metal Powders

Advance Registration List P/M ‘84 Commemorative Medallion

Quebec Metal Powders Limited
SCM Metal Products Monarch Tool & Gauge Co.
Speaker Gifts Sealed Power Corporation
Midwest Sintered Products
The New Jersey Zinc Company
Engineered Sinterings & Plastics
Sherritt Gordon Mines Ltd. Sintered Metals, Inc.
VIP Gifts

Air Products and Chemicals, Inc.
Major Special Event Sponsor

Apart from the editors of the conference proceedings whose names will forever be apparent through
these volumes, Teresa F. Stillman, in coordinating the efforts of the program committee, and organizing
the sessions and subsequently in conjunction with the editors in preparing the proceedings for publica-
tion, is acknowledged with appreciation. Special thanks also to Weston H. Feilbach, Jr. who undertook
the task of generating a complete subject index column—an invaluable aid to researchers and others who
use these volumes for reference.

Our thanks also to the editors for their arduous and meticulous labors in preparing and proofreading
the manuscripts that comprise the proceedings of this conference, whose preparation and publication was
the responsibility of the Federation’s Publications Department.

Lttt Bree

Kempton H. Roll
Princeton, New Jersey Conference Chairman
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INTRODUCTION
VOLUME 17

Volume 17 covers in 40 papers what are normally known as “P/M Special Materials” and also
covers as well high speed steels, friction and wear phenomena, electrical and magnetic
materials, and finally, quality management.

Chapter One emphasizes the powder metailurgy of tungsten with papers ranging from blue
oxide characteristics to properties of sintered tungsten and tungsten alloys. Information on
molybdenum and zirconium based materials is also presented.

Carbides and cutting tools are covered in Chapter Two with discussions on bonding, wear
resistance, and spraying of these composite materials.

High speed steels, a relative newcomer to press and sinter P/M is the subject of Chapter
Three. Emphasis is on the relation between toughness and processing conditions for sintered
high speed steels as well as improved materials made possible by the P/M process.

Chapter Four, in eleven papers, covers friction and wear phenomena in a wide range of P/M
materials, including sintered bronze, aluminum, steel, carbides and boride based coatings.

Electrical and magnetic properties form the subject of Chapter Five with papers on capaci-
tors, thermoelectric devices, rare earth based permanent magnets, and improved soft magnetic
Fe-Si alioys.

In Chapter Six, ten papers discuss various aspects of quality management and quality
techniques, an area of increased focus by the P/M industry in efforts to improve its competitive
position vis a vis other fabricating methods. Information is presented on the trends toward
statistical process control and fitness for use criteria in powder products and on new tech-
nigues such as quantitative image analysis to improve our understanding and control of
properties.

Edward N. Aqua Charles I. Whitman
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FORMATION OF TUNGSTEN BLUE
OXIDE AND ITS PHASE CONSTITUTION®*

Zou Zhigiang, Wu Enxi,
Tan Aichun, Gian Chungliang
P/M Research Institute,
Csimm
Changsha, Hunan, PRC,

ABSTRACT

By means of X-ray diffraction structure analysis, SEM
observation, chemical analysis and particle specific surface
analysis stc.,, an investigation was made in order to deter-
mine the regularity of tungsten blue oxide formation during
reductional calcine process of APT. It was found that the
oxygen index (01) decreased continuously with increasing cal-
cine temperature. The decrease rate of 0I variated as the
calcine atmosphere being changed, the stronger thses reducti-
vity of the atmosphere is, the more 0I decreasss. The deam-
monia-dewater process and the pRase constitution variation
during calcine was studied, some idea for dascription of
phase transformation path was suggested. It was found that
the most important parameter affecting phase constitution
and transformation- is calcine temperature, At the tempera-
ture lowsr than ASOOC, the main formed phase was ATB, while
at higher temperaturs, the different phase like W2p00s5g, W03
etc.,, could be formed by different ways depending on the
atmosphere reductivity. The composition and the 0I of ATB
are changeable. An expsriment for some blue oxidss reduc-
tion at low temperature was carried out. It was found that
01 and the constitution of blue oxide strongly affected the
particle size of the formed W-powder.

*Project Supported by the Science Fund of the Chinese
Academy of Sciencs



INTRODUCTION

It is well known that the blue oxide of tungsten has
a high chemical activation, as it has a high developed
spacific surface and metastable structure. It is sasier to
reduce by hydrogen than ysellow oxids (W0,). Using blue
oxide to produce W-powder can more exac%ly control the
particle size and size distribution., This is very impotant
for some typss of hard metal production,

The state and the bshavior of blue oxids greatly
affects the properties and the quality of reduced tungsten
powdsr, In order to control the blue oxide struture
rationally, a great deal of fundamental research work has
been carried out by some researchers since the sixties. For
example, J. Neugsbauer et al investigated ammonium-tungsten
bronze (ATB)— one of the main phase constitution of blus
oxide(l). Later, P. G. Dickens did some ATB structure analy-
sis(2) and pointed out that it belongs to hexagenal crystal
having a chemical composition of (NH4)0.25U03 approximately.
R. K. Basu , F. R, Sale carried out a lot of research about
hot decomposition of APT(3.4.5.), Especially in their
recent work(6), thsy revealed the whole featurss of APT
decomposion step-by-step process during ignition in nitrogen
atmosphere and suggested a hot decomposition mechanism. M,
Bahl studied the decomposition process of APT in diffsrant
atmosphere (7), the experiment result indicates that the

main phase constitution in formed blue oxide are ATB and



qu.g, then u03, at higher :egmuerature in reductional atmo-
sphere, UDZ 759 €Ven u02 may be formed., It is worth pointing

out the valuable work by Hungarian researchers(8), thesy took
the relationship betwean the decreass of oaxygen index (0I or
ratio o/w) and the change of composition structure and the
properties of blue oxide into consideration, and emphasized
the great interes’ in searching for the best phase constitu-
tion of formed blue oxide during APT reductional calcins.

It should be indicated the industrial blue oxide of
tungsten, in fact, is some sort of composition including
many compounds, either its consitution or structure is chan-
geable, it varied with different calcine conditions, the
01 may be changed in the range of 2,96 to 2.75. In different
companies, blue oxide structure and constitution control and
the producing technology are different, depending on the
requirement of the final products. A universal guidance for
blue oxide production is still unavailable,

This paper is a part of earlier stage work on tungsten
blue oxide investigation, trying to determine the reqularity
of the st; .ciure and property variation of tungsten blue
oxide during reductional calcine process of APT, especially
to determine the influence of the temperature and atmosphere
on the structure and 0I variation, and to find out the
relationship between 0l and the composition,

EXPERIMENT
Raw Material

APT (S(NH4)2 0+12W0, -5H20) was supplied by Zhuzhou

Hard Metal Co. Produced by distillate crystallizing indus-
trally. It has an equiaxed grain belonging to monoclinic
crystal systam., The sample purity is better than 99,5%, the
impurity content is shown in table 1.

Table 1. Impurity content of APT

Element| Pb Sn 8i sb fe to Ni Cr
ppm(=<){1 1 0.9 10 10 10 5 10
Element|mn Mg Ti v Al Cu Si Mo
ppm{=<)| 5 S 10 9 10 5 10 100




Reductional Calcins

The reductional calcine was carried out in a tube
furnace, the temperature fluctuation was £10C, the powdery
sample was put in stainless steel boats, the layser thickness
was ~15 mm, the boats were pushed eontinuously against
atmospheres flow, svery boat spent ~40 min., in high tempe-
rature zons, Ths H2 or (H2 + N2) was used for reductional

atmosphere, which was purified by SA typs molecular siesve
and palladium molecular sieve, the gas purity was better
than 99.97% and had a dew point of -400C, Tha flow rats was
50 ml./min, cm? The calcins temperature was chossn in the
range of 350 - 600°C.

Blue Oxide Reduction

The blue oxide reduction was also carried out in tube
furnace, the reduction temperature was 700 and B800°C,
layer thickness was 4 mm, the boats werse pushed continuously
along gas flow. The reduction time at high tempsrature was
2h, High purified H2 was used for reductional atmopherae.

The flow rate was 440 ml./ min, cm?

Propertiss Msasurement

1. The weight decrease of APT after reductional
calcine was measured accurately, and the weight
increase of produced blue oxide after additional
ignition at 700°C in air was also msasured.

2. The 0I of blus oxide was measured by means of
chemical volumetric method, which was foundsd by
B. A. Kiss(9), and improved by Tan et al(10). The
deviation of the measurement only took place on
the 3rd digid after decimal point.

3. The phase constitution was analysied by X-ray
diffraction,

4. The microstructure of blue oxide was observed by
SEM.

5. The powder specific surface was measured by BET.

* Project Supported by the Science Fund of the Chinese
Academy of Science



