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INVESTIGATION OF VIBRATORY POLISHING VARIABLES

E. N. Hopkins and D. T. Peterson
Iowa State University

Several variables in vibratory polishing have been inves-
tigated. The characteristics of the sample polishing
varied with the lapping material, abrasives, sample
weight, and voltage.

INTRODUCTION

Vibratory polishing since its introduction to the field of metallography
in 1956 (1) has shown considerable merit. The principal advantages with
respect to rotating wheel methods of polishing have been the ease of
operation, the saving of skilled operators' time and the reduction in
relief polishing. This report is concerned with the influence of some
of the many variables in vibratory polishing and an attempt to measure
the effect of these variables on the rate of metal removal. The vari-
ables under consideration in this report are the effect on the rate of
metal removal of the lap material, vibrational amplitude, specimen and
holder weight, number of samples in the bowl, type of abrasive and

the hardness of the material to be polished.

PROCEDURE

The test specimens were mounted in bakelite and ground through 600 grit
silicon carbide paper. Most of the investigation was done with annealed
specimens of 1020 steel. Diamond pyramid hardness impressions were made
using a 1000 gram load and the diagonal lengths measured. The specimens
were then polished for a measured length of time and the diagonals were
remeasured. The rate of metal removal was calculated from the difference
in the diagonal measurements and the known geometry of the diamond in-
denter. Photographs were taken of representative areas to show the
quality of the polish.

A standard vibratory pelisher (2) was used for all tests. The lap or
cloth used for polishing was secured with a standard retaining ring.
When necessary, cloths and laps were glued to surface of bowl

with Pliobond cement. The amount of abrasive used was 20 grams and the
abrasive was suspended in 500 ml water and 10 ml liquid Vel detergent.
The rheostat used with the vibratory polisher was the Model LPC-01
Separate Controller purchased with the vibratory unit.

RESULTS AND DISCUSSION

Very early in the investigation, an unexpected result became apparent. The
amount of metal removal was not directly propertional to the vibrational
amplitude. Figure 1 shows typical examples of the variation in the rate of




metal removal as the rheostat setting is varied. It is apparent that
small differences in the rheostat setting can produce considerable
differences in the rate of metal removal. The rate of metal removal
could be reproduced at a given rheostat setting if the setting were not
changed but the rheostat setting could not be reproduced. The setting
at which maximum polishing occurred also varied with the type of material
being polished. For example, a zinc specimen did not reach the maximum
rate of metal removal at the same rheostat setting as a steel specimen
even when both were polished simultaneously. This sensitivity of the
polishing rate to the rheostat setting required that a number of tests
be made at various rheostat settings as other variables were changed.

The maximum, minimum, and average rates of metal removal by different
cloths and laps are shown in Table I. From this table it is seen that

a wax lap has the highest rate of metal removal followed quite closely
by Pellon discs and nylon cloth. It should be noted that the maximum
rate of metal removal did not occur at the same rheostat setting for

the different lap media. The Pellon cloth, epoxy resin, and wax gave
the maximum metal removal at rheostat settings between 70 and 80 whereas
the other cloths and laps gave maximum removal at rheostat-settings below
30. Figure 2 shows the quality of polish obtained with various lap
materials. With the exception of the epoxy resin lap and Microcloth,
the quality of the polished surfaces are comparable. Plastdi¢ laps when
used with Linde A abrasive leave the surface with scratches comparable
in depth to the original 600 grit scratches. The surface obtained with
Microcloth showed considerable irregularity and relief polishing.

TABLE I

RATE OF METAL REMOVAL AS A FUNCTION OF LAP MATERIAL

Lap Material Rate of Metal Removal -- Microns Per Hour
Minimum Average Max imum
Microcloth 2 7 13
Rubber 1 5 19
Leather 2 9 22
Wood 2 14 34
Neoprene 5 14 35
Epoxy resin 24 36 45
Nylon cloth 12 28 52
Pellon disc 21 43 59
Wax 37 57 80




The effect of the abrasive as a factor in the rate of metal removal

is shown in Table II. The specimens were polished on wax laps and with
identical conditions except for the use of different abrasives. The
abrasives used were 600 grit silicon carbide,600 grit aluminum oxide,

15 microns aluminum oxide, 1 micron magnesium oxide, 0.3 micron aluminum
oxide, and .05 micron aluminum oxide., The 600 grit abrasives were not as
effective in removing metal as the smaller 15 micron abrasive and produced
fewer but deeper scratches. This condition is probably the result of poor
sizing in the larger abrasive materials. It is possible that the sample
was not in contact with the entire abrasive bed but was supported by

the small number of large particles, thus not remoying as much material

as would be expected from a coarse abrasive, The magnesium oxide abrasive
did not remove as much metal as the much finer 0.3 micron aluminum oxide.
Aluminum oxide appears superior to magnesium oxide in the rate of metal
removal, Figure 3 shows the quality of polish obtained with the various
abrasives.

TABLE I1

RATE OF METAL REMOVAL AS A FUNCTION OF ABRASIVE

Rate of Metal Removal--Microns per Hour

Abrasive Minimum Average Maximum
0.3 micron Aluminum Oxide 37 57 80
1.0 micron Magnesium Oxide 4 16 29
15.0 micron Aluminum Oxide 70 115 239
600 grit Aluminum Oxide 36 106 177
600 grit Silicon Carbide 7 66 141
The fourth variable studied was the specimen weight. A comparison of

the rate of metal removal as a function of specimen weight is shown

in Table ITI. The standard holder and specimen weighed 375 grams.
Increasing the weight increased the rate of polishing up to 600 grams
but decreased the polishing rate after this point. The standard speci-
men holder did not give the maximum rate of metal removal but the
difference is not great encugh to warrant a change in the weight of the
standard specimen holder.




TABLE III

THE RATE OF METAL REMOVAL AS A FUNCTION OF THE SAMPLE AND HOLDER WEIGHT

Weight of Sample Rate of Metal Removal--
in Grams Microns per Hour
100 16
200 4
375 53
600 60
800 45

It was observed that the maximum, minimum, and average rates of metal
removal decrease with an increasing number of specimens in the bowl.
The maximum rate does not decrease rapidly or to any great extent

but the minimum rate decreases rapidly and is much less with 14 speci-
iens than at one specimen. The pclishing rates for variocus numbers of
specimens in the bowl are given in Table IV.

TABLE IV

THE RATE OF METAL REMOVAL AS A FUNCTION OF THE
NUMBER QF SAMPLES POLISHED

Number of Samples Rate of Metal Removal--Microns per Hour
Simultaneously Polished Minimum Average Maximum
1 37 57 80
5 11 45 65
9 4 39 65
14 4 25 51

Table V illustrates the effect: of differences in hardness on the rate
of metal removal. The hardness of material is certainly not the only
contributing factor in the polishing characteristics. As is seen from
this table, a harder material can polish faster than softer material.
Some of the reasons for this may be the amount of surface worked metal
and the ductility or the brittleness of sample as well as the hardness.




TABLE V

THE RATE OF METAL REMOVAL AS A FUNCTION OF SAMPLE HARDNESS

Diamond Pyramid Hardness Rate of Metal Removal--

Sample Material 1000 Gram Load Microns per Hour

Zinc 90 41

Steel 170 33

Steel 200 46

Steel 350 24

Steel 510 33

Steel’ 600 32

Steel 790 32
Vanadium Carbide 875 41

CONCLUSIONS

The vibratory polisher is easy to operate and gives an excellent

quality of polish. However, the large variations in the rates of metal
removal with changes in vibrational amplitude and other factors are
undesirable. These differences are believed to be due in part to the
vertical component of vibratory movement. An increase in the horizontal
motion and a decrease in the vertical motion might cause much of the
erratic behavior of the vibratory polisher to disappear. A polisher
which would still be easy to operate but would be considerably more
effective and reproducible might be developed by modification of

present types or the evolution of new types of vibratory polishers.

The desirability of an intermediate polishing step using a 15 micron
aluminum oxide abrasive between the 600 grit abrasive papers and

the 0.3 micron Al,0, is clearly indicated. With the use of the

15 micron Al903 ZbTasive, the time of polishing would be considerably
decreased. The use of the 600 grit powder abrasives is of no advantage.

The weight of the standard specimen holder is in the correct range
for most efficient polishing.

Increasing the number of specimens in the bowl decreases the rate of
polishing, particularly the minimum rate of metal removal. With a
more effective polisher this would not be a problem since polishing
would be done in the maximum rate of metal removal region.

The hardness of the metal to be polished is not the only factor to
be considered in the rate of polishing, and no quantitative prediction
can be made to fit all metals at the present time.




The vibratory polisher is a step forward in the field of metallography.
With the further improvement of this type of metallographic polishing,
sample polishing will some day be relegated a minor role in metallography.
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METALLOGRAPHY OF THERMIONIC CONVERSION COMPONENTS™

. I. Jones
Los Alamos Scientific Laboratory

Modification of standard preparation procedures was
required to evaluate the very hard components and
dissimilar materials used in a design for thermionic
conversion,

INTRODUCTION

A great deal of interest is currently being expressed in a method

of direct conversion of heat to electricity which is generally termed
"thermionic conversion." At Los Alamos, the effort is being made to
convert heat from fissioning material directly into electricity.
Attention has centered on thermionic cells in which an ionized cesium
gas fills the space between the anode and the cathode. The path through
the cesium plasma together with the external leads to the cell electrodes
forms a closed electrical circuit. A circuit of this kind can be thought
of as a 'plasma thermocouple" since the interface between the emitter
electrode and the cesium gas corresponds to the hot junction while the
interface between the ccllector and the cesium gas represents the cold
junction. Figure 1 shows a drawing of an early plasma thermocouple
design. The UC-ZrC fuel pin became the incandescent emitter which
ionized part of the cesium. The positive ions thus produced neutralized
the electron space charge so that the electron current received by the
Nb~-Zr ccllector was no longer space charge limited.

This drawing illustrated the desired goal; however, a number of fabri-
cation problems had to be solved first on an individual component
basis. For example, suitable techniques had to be found to join the
fuel pin to the body and for joining the body and the collector to the
A1203 insulator,

METALLOGRAPHIC PREPARATION

It was apparent that the size of many of the shapes to be examined
would exceed the 1-1/4 inch diameter standard mounts used for metallo-
graphic examination. Figure 2 shows the standard molds and mounts and
the new ones which were developed for the larger size specimens. The
rwo molds and mounts on the left are the standard 1-1/4 inch diameter
units. The molds were made from silicone rubber (Silastic RTV 501).
The mold dimensions were such that the final epoxy resin mounts cast
in them were about 0.003 to 0.005 inch less than 1.250 inch diameter.

“This research was done under the auspices of the Atomic Energy Commission.




Two varieties of epoxy resin were used for mounting the metallographic
specimens. Epon 815 was used when vacuum mounting was desired to force
the resin into the cavities of porous samples. This resin had consider-
able shrinkage on hardening and the molds were larger than those used
for routine mounting using Epon 828. The larger molds used for vacuum
mounting were colored a reddish-brown to distinguish them from the
regular tan-colored molds. The figure shows that a sample designation
may be written on the mold with a ball point pen before pouring the
resin. After the epoxy has hardened, the designation can be scribed

on the mount and the mold cleaned for future use.

The two larger molds and mounts are also shown on Figure 2. These
molds will produce mounts having flat surfaces of 1-1/4 inch by 2 inch
and 1-1/4 inch by 4 inch.

Figure 3 shows the apparatus used for vacuum casting the epoxy resin.
The resin and hardener were mixed in a glass beaker and the beaker

was placed in the clamp on the shaft. The mold containing the specimen
was placed in the chamber and the door closed. The chamber was usually
evacuated until the vacuum gauge indicated between 20 and 23 at which
time and resin was poured into the mold. The resin effervesced indicating
some loss of more volatile material. When the mold had been filled, the
vacuum pump was turned off and air was admitted to the chamber which
forced the resin into the open pores of the specimen. It has been found
desirable to allow the molds to remain at room temperature for 2-1/2
hours before placing them in an oven controlled at 750C for overnight
curing.

Figure 4 shows the two larger mounts after the machining operation
which adapted them for use in 1-1/4 inch diameter specimen holders.

All specimen mounts were ground and polished using the Buehler
Automet apparatus. Usually the final pclish was made using a diamond
abrasive. When examination of the scft Nb-Zr metal was desired, an
additional operation using the vibratory polishing unit was required.

The larger mounts necessitated a modification in the Automet specimen
holder. Figure 5 shows the conventional specimen holder and the

two new units. The top unit is the conventional five-position holder
for standard 1-1/4 inch diameter mounts. The bottom two units, from
left to right, are used for the medium and large mounts. Figure 6
shows the three specimen holders with the mounts each would normally
use. It was found necessary to use two spacer mounts with the largest
mount to prevent specimen rounding during the grinding operation.
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The integrity of each plasma thermocouple component as well as the
joining of the various components was examined metallographically.

Figure 7 shows the fuel pin which was the first component to be examined.
The metallographic procedures used on these hard carbide pins deviated
from standard practice. The machined mount was sent to the shops
department for sectioning. The shops ground these pins to a diameter
using a diamond grinding wheel on a surface grinder. The surface being
ground was flooded with a water-oil mixture. Approximately 0.001 inch

of material was removed per traverse of the specimen. When the diameter
of the pin was reached, the mounts were inserted in the specimen holders
and ground on abrasive papers using the Automet fixture. It was dis-
covered that by using a stream of water on the grinding paper and heavy
loads on the holder (about 45 to 60 1bs), a polished surface was obtained
after using several 600 grit papers. The polished surface could not be
obtained using kerosene or lighter loads. It was presumed that the water
imparted an attack-polish technique to the UC-ZrC pin.

RESULTS

Using the water-heavy load technique, the various inclusions were retained
and had sharp interfaces. The periphery of the pin was not polished but
showed a finely fractured structure. Figure 8 shows UC2 inclusions in a
UC-ZrC pin ground through the 600 grit paper. The dark areas were voids
and probably represented some pull-out or drop-out of fractured material.
Figure 9 shows the same field after prolonged etching in a nitric-acetic-
water etchant. Figure 10 shows UC) inclusions in a similar sample after

a suitable etching time. Note the UC striations in the UC, particles.
Subsequent polishing using 0-2y diamond on Metcloth succeeded in polishing
the periphery of the pin but had little effect on the internal structure.
Only the nitric-acetic-water etchant was used since in the early develop-
ment stages it was thought that the presence of non-solid solution
inclusions were of more importance than the possible effects of grain
size. Figure 11 shows UCy inclusions in an apparent grain boundary
network as well as massive, random inclusions. Figure 12 shows the
structure of the UC-ZrC after etching with an HF etchant. It was much
more difficult to discover the UCy inclusions in this background that

it was in the as-polished condition. Figure 13 shows a UC2 inclusion

and a grain boundary phase in an HF-etched pin.

A number of brazing materials were investigated to attempt to join

the carbide pin to the Nb-Zr body. Figure 14 shows the results of

one such attempt; note the porosity in the braze zone. Figure 15

shows a higher magnification view of the brazed section made using

V fcil. This figure shows that the V wet both surfaces but porosity
developed as the liquid solidified. The Nb-Zr was not polished well
enough to eliminate the scratches because only the interface was being
examined. If the structure of the Nb-Zr had been desired, a subsequent
vibratory polishing operation would have been necessary. The inclusions
in the Nb-Zr were thought to be carbides.
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Figure 16 shows the penetration of the V into the carbide pin. The
cracks were believed to have been caused by the surface grinding opera-
tion but may have indicated a very brittle zone in the brazed joint.
Figure 17 shows a brazed joint in which Zr foil was used to join the
carbide pin to a Mo base. Figure 18 shows the braze metal-carbide
interface. Figure 19 shows the penetration of the braze metal into
the carbide pin.

In the plasma thermocouple design, it was necessary to insulate the
body from the collector and form a vacuum seal. This insulator also had
to withstand the corrosive effects of the cesium vapor. Pure Al03
fulfilled these requirements. In order to join a metal to the Al203,
some metallized layer had to be bonded to the ceramic surface. Figure
20 shows a ceramic insulator with a metallized coating around the top
and bottom of the cylinder. The cylinder was coated by spraying WOj3

on the zones shown. The W03 was reduced by firing the insulator in a
wet Hy atmosphere. Figure 21 shows the polished metallographic section
of this insulator. Figure 22 shows the W-metallized layer on one of
the surfaces of the ceramic. The W particles appeared to be intimately
bonded to a non-metallic matrix.

Figure 23 shows a W-metallized A1203 insulator brazed to the Nb-Zr body
with Pd. Figure 24 shows the brazed joint. The scalloped surface was
the machine marks on the Nb-Zr which was etched to distinguish the braze
metal from the body metal. It was apparent that the Pd was extensively
alloyed with the Nb-Zr. The ceramic-braze metal interface was in
intimate contact. This sample was polished only enough to reveal the
condition of the bond. It was felt that the true porosity of the
ceramic would be much lower than that shown and could be revealed by
prolonged diamond polishing at the expense of putting the metal layer
in relief. Figure 25 shows the intimate ceramic-braze metal bond at
higher magnification. Apparently some of the non-metallic matrix of
the original metallized layer had been transported into the braze metal.

Figure 26 shows a double brazed joint. This early section indicated
a need for better alignment during brazing. Figure 27 shows a typical
brazed joint on one of the four brazed sections.

With the development of fabrication and metallographic techniques

fairly well established for individual components, the problem of

complete assembly remained. In order to test the mounting and polishing
techniques for long assemblies, a rough mock-up was made of the early
plasma thermocouple design. Figure 28 shows the mock-up which was made

by inserting into a Cu tube a steel rod suspended between two brass plugs.
The brass plugs had an interference fit with the Cu tube. Holes 1/16 inch
diameter were made in each end to simulate the openings in the designed
assembly. This unit was mounted in the vacuum chamber using a large

mold. The polished section shown in this figure indicated that the
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vacuum casting technique would force the epoxy through the end openings
and completely fill the internal cavity. Also, the polished section
was reasonably flat from end to end and side to side.

Figure 29 shows the polished longitudinal section of a plasma ther-
mocouple assembly of an early design. Although the fuel pin was slightly
less than full 1length because of the broken tip, the assembly was
otherwise standard. The structures of the fuel element and the brazing
which joined the fuel element to the body and the body to the collector
through the ceramic insulator were similar to those microstructures of
the individual components previously shown. Thus, what initially
appeared to be an extremely difficult metallographic problem has become
one of routine examination.




V BRAZE ——\\\

W METALLIZED AL,O;
w/Pd BRAZE

///—UCQrC FUEL PIN

\X w

Figure 1.

COLLECTOR<—J//

Nb-IZr

Early Plasma Thermocouple Design

15




16

Figure 2. Standard Molds and Mounts (left), and New Molds and
Mounts (right) Developed for Larger Size Specimens.

Figure 3. Apparatus Used for Vacuum Casting the Epoxy Resin.
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Figure 4. The Two Larger Mounts after
Machining.

Figure 5. Conventional Specimen Holder (lower Figure 6. The Three Specimen Holders with
right) and the Two New Units,: Normally Used Mounts.
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Figure 7. Fuel Pin from Plasma Thermocouple. 2X.
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Figure 8. UCy Inclusions in a UC-ZrC pin Figure 9. Same Field as Figure § after
Ground Through the 600 Grit Prolonged Nitric-Acetic-Water

Paper. 500X. Etch. 500X.
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Figure 10. Same as Figure 9, show- Figure 11. UC» Inclusions in an
ing UC Striations in Apparent Grain Bound-
the UCy Particles. 500X. ary Network as well as

Massive, Random Inclu-
sions. 500X.

\
Figure 12. Structure of UC-ZrC Figure 13. UC Inclusion and Grain
after HF Etch. 250X. Boundary Phase in an HF-
Etched Pin. 1000X.
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Figure 14. Carbide Pin after an
Attempted Braze to Nb-
Zr Body. 3X.

Figure 15. Higher Magnification
(100X) of Brazed Sec-
tion. Made with V Foil.

Figure 16. Penetration of the V

into the Carbide Pin.
100X.




Figure 17. Brazed Joint in which
72r Foil was Used to
Join the Carbide Pin
to a Mo Base. 100X.

Figure 18. Braze Metal-Carbide Figure 19. Penetration of the Braze
Interface. 500X, Metal into the Carbide

Pin. 500X.
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Figure 20. Ceramic Insulator with Figure 21. Polsihed Metallographic
Metallized Coating around Section of Ceramic
Top and Bottom of Cylinder. Insulator. 2X.
2X.

Figure 22, W-Metallized Layer on
One of the Surfaces of
the Insulator. 500X.
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Figure 23. W-Metallized Aly03 Insu-
lator Brazed to the Nb-
Zr Body with Pd. 3X.

Figure 25. Ceramic-Braze Metal Bond Figure 24. Brazed Joint of Insu-

at Higher Magnification lator at Higher Magni-
(500X) . fication (100X).
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Figure 26.

Double Brazed Joint.

3X.

Figure 27.

Typical Brazed .Joint on
One of the Four Brazed
Sections. 100X.
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Figure 28. Mock-Up Made by Inserting a Steel Rod
Suspended between Two Brass Plugs into
a Copper Tube.

Figure 29. Polished Longitudinal Section of a Plasma
Thermocouple Assembly of an Early Design.
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A PROCEDURE FOR COLOR MICROPHOTOGRAPHY
W. J. Gruber
Hanford Atomic Products Operation
This paper describes the criteria and a procedure for
successful color photography with a metallograph.
Some of the fundamentals of color photography, which
are considerations affecting the method selected,
are discussed.
INTRODUCTION

In recent years the demand for color photomicrographs has increased.
There are several reasons for this trend. The metallographer wants to
show the characteristic colors of constituents of phases. Increased
use of color slides mzkes it desirable to use color photomicro-
graphs in order to maintain continuity in presentations. The cost of
color film and processing has been drastically reduced in the past
decade, making it economically feasible to employ color metallography.

A successful prccedure has been developed at the Hanford Radiometallurgy
Laboratory to ensure that the color produced on transparancies and
finished prints will clcsely match that of the subject. This paper
describes the procedure established and some of the fundamentals of
color photography (1) which affected the final methods selected.

ILLUMINATION

Selection of light source is probably the most important item as the
spectral quality of the source must be compatible with the response
of the color film te ensure true color rendition. In metallographic
applications, three sources which are suitable are; zirconium arc,
carbon arc, and tungsten lamps. Two which are not suitable are mer-
cury vapor lamps and tungsten arc with ¢ mercury vapor starter.

The zirconium arc is the mecst simple to use as the spectral quality
of the light requires nc correction for color photography. The color
temperature of the illuminaticn is 3200°K and Type B film can be used
with no coler temperature correction.

Carbon arc illumination has greater intensity than the zirconium arc,
but some correction must be made before it can be used. The carbon
arc light spectrum has ar excess of ultraviolet light which affects
the blue component cf cclor film and must be filtered out. The color
temperature of the illumination is a function of the current and can
be reproduced when current is controlled. Color temperature of
illumination from a standard 8 mm carbon anode with excess ultraviolet

% The etchants used for this procedure are described in Appendix A
to this publication. page 158.
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removed varies from 3650°K at 4.5 amp. to 3800°K at 10 amp. d.c. Since
the color temperature range does not fall at any of the points where
commercial films are balanced, a light corrector (photometric) filter
is required.

Tungsten lamps can be used as light sources for remote color photo-

graphy but, in some instances, are not desirable because of the difficulty
in reproducing exact color temperatures. The light intensity is less than
that of either carbon or zirconium arc. During the life of a lamp, the
color temperature varies with age. The color temperature also varies

from lamp to lamp of the same type. Tungsten lamps are usually employed
where exact color rendition and reproducibility are not required.

OPTICS

In general, combinations of objectives and eyepieces are recommended for
photomicrography on the assumption that a narrow spectral band of yellow-
green light will be used to illuminate the subject and photography will
be with black and white film.

I1lumination used in color metallography is polychromatic, differing

from the essentially monochromatic source used for black and white.

With the introduction of polychromatic light, a second factor, lateral
color, which requires correction is encountered (2). Lateral color,

or chromatic difference of magnification, results in separation of

the spectrum in objects some distance from the axis of the optical path
in the image projected by the objective lens. The amount of separation
increases as the distance from the axis becomes greater. Like curvature
of the field, lateral color increases with magnification and is corrected
with the metallograph eyepiece.

Because lateral color has not been properly considered, it will be
found that combinations of objectives and eyepieces best suited for
color metallography may differ from those recommended for black and
white, especially at magnifications greater than 500X.

Also, certain optical components may act as a filter and affect either the color
balance or color temperature of the light. If either orboth occurs, then
the induced change in the light must be corrected.

PROCEDURE USED IN THE RADIOMETALLURGY LABORATORY AT HANFORD

Metallography in the laboratory is performed on two Bausch and Lomb Research
Metallographs. One has been remotized for examination of radioactive ma-
terials and the other is a conventional unit. Our procedure for color
photography is affected by the fact that developing and printing will be
done outside our organization and the person doing the processing will not
be familiar with the object photographed.
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ILLUMINATION

A direct current carbon arc with an 8 mm diameter anode was selected
as the light source for color work as high intensity light is required
for the remote unit because of its extended optical path. Carbon arc
illumination was selected as a light source for the conventional
metallograph so a second procedure would not be required. In order to
control the color temperature of the light sources, d.c. ammeters were
installed in the power leads. To insure reproducibility, all color
photography is done with the current adjusted to 10 amp. Excess
ultraviolet light is filtered out by a solution of 1 weight % sodium

nitrite added to the water in a 3 cm thick water cell. When the sodium nitrite

solution is used, the efficiency of the water cell is reduced so that

an infra-red cutoff filter is required to protect the metallographoptics
and the photometric and/or color-correcting filters from the excess
heat. The color temperature of the filtered light passing through the
cutoff filter is 3800°K. A Wratten 81C filter adjusts the color
temperature to 3200°K where Type B film is balanced and a Wratten 82C
filter adjusts the color temperature to 5800°K where daylight film

is balanced.

OPTICS

Objective and projecting lens combinations which were found to be
compatible for color microphotography are as follows:

(1) For magnifications of 25 to 150X, achromat objectives with
huygenian projecting lenses.

(2) For magnifications from 150 to 500X, achromat objectives with
hyperplane projecting lenses.

(3) For magnifications from 500 to 1000X, apochromat objectives
with compensating lenses.

PHOTOGRAPHY

Since processing is done by personnel not familar with the objects photo-
graphed, a neutral color guide must be supplied. This is provided by
including an exposure of the 111 plane of an electropolished, single
aluminum crystal photographed under the same conditions as the subject.
The negative is used to determine the color correction required during
printing to provide an accurate color reproduction of the subject.
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The use of the single aluminum crystal proved invaluable during the testing
of lens combinations for quality of transmitted light when the procedure
for color photography was being established.

For proper exposure, the ideal method is to run a series of test strips
of the film that is being used. However, this is impractical where
processing is done by another group. Black and white panchromatic film
with an A,S.A, rating near that of the color film is used for test
exposure purposes and the difference in rating between the films is
extrapolated using an exposure meter as a guide.
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POST IRRADIATION METALLOGRAPHIC LABORATORY AT GE-NMPO *

S. A, Leighton and E. W. Filer
Nuclear Materials and Propulsion Operation

The construction of the cell and equipment used in prepar-
ing irradiated materials for metallographic evaluation are
discussed. The mounting, grinding, polishing, etching

and photomicrographic procedures used