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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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METALLOGRAPHY APPLIED TO MATERIAL SELECTION
AND PROCESS DESIGN - A CASE HISTORY

Milton R. Pickus
Inorganic Materials Research Division, Lawrence Radiation.Labofatory

Department of Materials Science and Engineering, College of Engineering
University of. California, Berkeley, California

Technoldgical appiications frequently depend for their succession
thé control of gross features of structure which are réadily revealed
by even the szt elementary forms of opfical microscopy. The present
discussion is a case in point.

Thevproduction of pellets for fountain pen tips involves severe
restrictions_on the choice of materials and manufactuiing processes
imposed, in part, by the corrosiveness of inks and the abrasiveness of
paper, and .in part by the sequence of fabrication operations required
to produce a tip-nib assembly. The material must be weldable to the
1 K goldvnib alloy; resistant to chipping during slitting, grindingl
and polishing; and finally, since most of the ailoys with the required |
physical and chemical propertieé consist of a hard phéée imbedded i; a
softer matrix, must have a microstructuré with.a fine, uniform disper-
sion of phases in arder to maintain a highly pélished surface (desired
for smooth writing pens).

These fequirements in aggregate eliminate all but alloys of the
blatinum group metals. The first long lasting pen tips were made from’
osmiridium, a natural alioy of the platinum'metals with a variable
composition. Its use, however, entailed a very high incidence of fgilures
and rejects ~-- thought to be unavoidably related to the hardness and
brittleness of'osmiridium, and therfore tolerated for many years. - The

introduction of synthetic alloys with a controlled composition failed
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- to producé any significant'improvemént. When a metallographic.study
of the:prbblem was ﬁndertaken the défects causing the.failures were
readily identified as residual cracks and fissures resulting from ﬁﬁé
'_crushing operation employed for producingvthe pellets iﬁ granular‘form.
‘In'order to avoid the use of a crushing operation, sphericai pellets,

desirabie also for automafing the weldi?g process, were produced byja
gshotting teghnique'which, though it required debasing the alloy by
additions of tungsten, cobalt andvnickel to lower the melting point,

did result in a substantial improvemént. However, this'method; tpb, gave
rise to characteristic defects that were revealed by the microscope:
 :blowholes‘due to the entrapment of.dissqlved gases during:solidific5§idn.

Subééquent research by the author led to the development of a

procéss'fof imparting to a predominantly powdered metal mass-(mainiy‘
ruthenium) the properties and fabricating characteristics of a typiéal
 £hermop1astic material. Essentially; this was acbomplished by coating

the metal partizles with a film of modified polystyrene. It thus be-

camé bossible to extrude thé mixture into thin rod, approximately 1/16

of an inch in diameter, at moderate temperatures in the range l60-lT5°C.
Sphéres molded‘from this thermoplastic.rod are heafed in accordance'with

a prog;ammed cycle during_the cOﬁrse of which the polystyrene is'vapor-
ized and'the metal powder is consolidated. This procedure, Whiéh‘féquires
no additién of base metals, produces pellets that are virtﬁally defect
free and which have uniforﬁly fine microstructural features. |

| From the photomicrographs which are presented a correlation may be
-seen between the types of defects tﬁat are peéuliar to certain.processes
“and the characteristic féilqrés they cause‘during fabrication. .Aiéd ,/

included are representative microstructures showing the wide range of
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phase dispersions that are encountered with the various production pro-

 cesses., The coarsest dispersions are found in granular pellets; the
finest, in spheres produced from metal powder; while inbermediate disper-

. sions .are found in spheres produced by shotting.

A more detailed exposition, including the photomicrographs, will be
published in the International Journal of Powder Metallurgy, Volume 5,

No. 3.

This work was supported by the United States Atomic Energy Commission.
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