
Marquette University Marquette University 

e-Publications@Marquette e-Publications@Marquette 

Bachelors’ Theses Dissertations, Theses, and Professional 
Projects 

6-1946 

Microradiography with Metal Powders Microradiography with Metal Powders 

Wallace Kluck 

Follow this and additional works at: https://epublications.marquette.edu/bachelor_essays 

 Part of the Chemistry Commons 

https://epublications.marquette.edu/
https://epublications.marquette.edu/bachelor_essays
https://epublications.marquette.edu/diss_theses
https://epublications.marquette.edu/diss_theses
https://epublications.marquette.edu/bachelor_essays?utm_source=epublications.marquette.edu%2Fbachelor_essays%2F780&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/131?utm_source=epublications.marquette.edu%2Fbachelor_essays%2F780&utm_medium=PDF&utm_campaign=PDFCoverPages


Jlicroradiograpl\f with Keta1 Powders 

by . 
Wallace· Kluck 

A Thesis submitted to 1tbe Facu1-q, of 
Liberal Arts College, Karquette Uni­
versiv, in P&rtie1 Fulfillment of-the 
Requirements for the Degree of Bachelor 
of Science 

Milwaukee, Wiseonsin 
June, 1946 



Tab1e of Contents 

:n: Introduction · • • • .. • • • • . . . . . . . 
• • Definition of Microradiography. 

Purpose of the investigation. • • • 

Theory of X-r~ absorption ••••• 

Sources of radiation. • • • • • • • • , 

II Equipment. • • .• • • • , • • • • • • • • • 

X-ray Unit .•• • • • • • • • • • • • 

• • 

• • 

• .. 
• • 

• • 

• • 

• • 

• • • l 

• • • l 

• • • 1 

• • • 2 

• • • 5 

• • • 9 

• • • • 9 

ne·acription of the camera • • • • • ·• • • • • 9 

• • • Preparation of the specimen. 

Photographic processing •• • • • • 

Enlarger •••• • • • • • • • • • • 

• • • • 

• • • • 

.. . • • 

m Experimental Resu1ts ••• • • • . . ' . . . . . . . 
Defects inherent in the enlargements •• • • 

.11 

.13 

.14 

.16 

.16 

Difficulties arising from .powder specimens • • 17 

Identification of copper and aluminum 

particles. • • • • • • • • • • • • • • • 24 

Identification of iron and zinc particles. · .f?:7 

Results with alloys • • • • 

:IV Conclusion • • • • • • • • • • • 

V Summary •••••• • • • • • • • 

Bibliography • • • • • • • • • • 

• • • • 

• • • • 

• • • • 

• • • • 

. . ·· • . 
• • • • 

• • • • 

• • • • 

.29 

.31 

.34 

.35 



bi&t of Photographs 

l The camera, specimen tube and plate holder. • • • • .10 

2 Microradiograph of powdered zinc taken with copper 

radiation. . . . . • • • • • • • • • • • • • • .18 

3 Microradiogrcph of iron powaer taken with cobalt 

radiation. • • • • • • • • • • • • • • • • • . • .18 

4 Microradiogreph of magnesium taken with cobalt 

radiat.ion. • • • • • • • • • • • • • • • • • • .20 

5 Microradiograph of silicon taken with copper ·re.d_iat:lm20 

6 Microradiograph of chromium powder taken with cobalt 

radiation .• • • • • • • • • . • • • • • • • • •• • 23 

? Yicro1·adio~Siph of chromium and iron taken with cobalt 

radiation. • • • • • • • • • • • • • • • • . . .23 

8 Microradiogi~aph of aluminum and co.pper taken with 

molybdenum A·adiation • . . . . . 2-5 

9' Microradiograph of aluminum and copper taken with 

cobalt radiation .. • • • • • • • • • • • • • • .25 
--

10 Microradiograph of iron and zinc taken with cobalt 

radiation, • • • • • • • • • • • • • • . • . • .28 

11 Microradiograph of iron and zinc taken with copper 

radiation. . . . . .. . • • • • • • • • • • • • .28 

12 Mj.croradiograph of a powd_ered alloy containing 

lead, antimony and tin • • • • • .• • • • • • • .30 



List of_Grapbs 

I llass absorption coefficient as a function. of wave-

length · • . • • . . • . • • . . . . • • . • . • • .4 

ll 'l'he X-ray spectrum of tungsten at various voltages •• 6 

III The X-ray spectrum of molybdenum showing the K~, and 

••••••••••••••••••• 7 



Preface 

The author wishes ~o express hie grate:tul 

appreciation ~or the valuable aasistance rendered 

.by all. per_aona aiding in this inveatigation. He 

. ia part~cularly grat.ful tG Dr. Arqlur -G. Barkow 

for obtaining the meta1 powders used as samples, 

for tbe deaign ot the camera, and for hia generous 

, ·heip in guiding . the work to it• completion. To 

Dr. _Jack B. Greene · the .author .is deeply indebted 
- . -

for bis invaluable assia~ance and advice relative 

to the enlarging and developing of the pictures 

contained in this thesia. 
l. 

W. A. Kluck 



1 

:r Introduction 

111croradiograpby is a comparatively recent develop­

ment in the X-ray field. The Unn applies to the 

anal,yaia ot a thin specimen by photographing it with 

X-rays anc1 subsequent]3" enlarging the photograph te 

bring out minute structural elements. A microradio­

grafh has severa1 advantages over a photomicrograph. 

First of all it goes beyond the surface and reveals 

the internal structure of the specimen, a more im­

portant advantage at least as concerns this paper is 

the ability of the microradiograph to enable one to 

accurately determine the chemical elements making up 

the specimen. 

Research into the field bas always been carried 

out by using thin metal foil as a specimen. Since 

X-rays do not penetrate meurls to a very great ex-:­

tent, it is necessary to carefully grind and polish a 

specimen to a thickness of :from one to five-th~usandths 

o'f an inch. · This process requires a _ considerable 

amount of time and apecial metalurgical. tools~ For 

this reason microradiography, although it ia an im­

portant- industrial tool, has not been wiaely adopted. 

The purpose of this investigation was to deter­

mine whether or not a metal powder could be substituted -

for the thin metal foil specimens which have previously 

been used exclusively. ID a powder much of the detail 



found in a foil would naturally be lost. There was a 

queetion aa to whether or riot it would be possible to 

even det.eet various elements since the large ·-.rang• in 

aize of the individual particles might be deceiving. 

Thus the chief emphasis in analyzing the microradio­

grapha was to be plac~d. on chemical analy_ais-. 
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To underatan~ the problem better some lmowledge 

of the theory of absorption of X-rays is required. 

Consider a beam of monocbromat.ic X-rays impinging on a 

material of thickness x. 

) 

~ 
'fhe energy transmftted by a thin element U varies 

directly with the thickness of the absorbing material 

-and on the intensity I o~ tbe incident radiation. 

-Thue: 

on imtegration this yielda 

f &=_J'r--~ 
I 0 I )0 

(1) 



Thia · tormula gives the intensity I after a beam 

of X-rays with en initial .intensity of 10 penetrates 

a distance x in an absorbing medium. The constant)' 
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· ,. ia called the linear absorption coe:rficient. It 

depends upon both the wavelength of X-rays used and 

the nature of the absorber. Thus}' varies with .a 

change in temperature, or a change of p~sical state. 

This variation cau be el~nated if equation (1) ia 

put in terms of mass traversed rather than distance. 

To make this suDsLitution the term x ie replaced by 

px where f' is the density of the absorbing material. 
. . 

In order to keep Lhe equation the seme, )A must be 

divided by p . 'l'hua: 

Here the ratio"$ is independent of peysical. state. As 

the equation now stands for a constant incident intensity 

and for .a given s~le, the only thing tbt1t will change I 

is a change in ~ • This ratio is no longer affected 

by a change of physical state, but depends only on the 

wavelength of the X-rays used and the element involved. 

It is the nature of this relation of -% with different 

wavelengths which makes possible the determining of 

chemical elemeats by' measuring the amount of absorption 

of X-rays. 

'l'he mass absorption coefficient increases rapidly 

with the wavele ngt.n along an exponential curve. However 
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at certain critical regions for a slight inereaee in 

. wavelength tber• is a sharp orep in- absorpt.icn • . 

Figure 1 shows a graph of the mass absorption . coeffici­

ent of several common metals plotted against wavelength. 

:tt can b.e noted at;. once that for a wavelength of one 

angstrom the five metals shown in the graph have maee 

absorption coefficie~ts in the order of their increae- . 

ing atomic numbers. · As the . wavelength · increases past - a 

certain d4finite value the ma88 absorptic• coefficient 

for. zinc drop~ to a value close to that. of aluminum. 

lfi'th further imcreeses in wavelemgth the mass absorption 

coefficieDts of copper, nickel and iron in t um drop to 

values close to that of aluminum. 

Theoretically the problem o-£ d•termining the chemi­

cal nature of au unlmown powder is •imp]1" a mat~er . of 

determining the critical wavelength et ~ich the absorp­

t.ion coefficient suddenly drops ott·. i'here simply would 

be no problem at all if~ monochn>meter eapa~le of produc­

ing an in~ense beam of X-rays at any desirable wavelength 

waa available. In general, however, a monochrometer does 

not yield a ·8Ufficiehtly Utense beam of X-rays and is 

not. et .all suited to this -eype of an investigation. There 

are, howeYer, two ways in whieh· suit.able radiation can 

be. obtained. 

The first method consis,"ts of using a tungsten target 

and by varying the voltage acroe·• _ it obtain some degree 

of variation in the wavelength- of the maximum enero-
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region of- the spectrum. Figure 2 shows a graph of the 

· . intetl$ity as a function of wavelength for a tungsten 
.. 

tube operated at several different voltages~ It ·can be 

··noted that the region of maximum intensity_ s_h~fta toward 

the shorter wavelengths 

· the voltage across the 

· tube is increased. From . 

Figure l it can be seen 

that the critical value . 

·for the coDID.on metals 

oc_cur in the region 

between 1 and ·2 ang­

stroms wavelength. The 

intensity in this re­

gion is comparatively 

small. To filter out 

and ·use this end of tle 

spectrum -ould require 

excessively long ex­

posure times. 

The second method 

of obtaining different 

wavelenths consists of 

using X-ray tubes hav- • · 

ing different targets. 
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The spectrum of most tubes is very different from that 
1 

of tungsten previouszy- illustrated. Figure 3 shows the 

spectrum from a molybdenum target. With a suitable 

filter practically' all radiation except the K~, line 

can be filtered out leaving an almost pure monochroma­

tic source. The intensity of the K4 , line is m&I\Y 

times as intense as the rest of the spectrum so the 

exposure time is not too long. The wavelength for the 

K --., line cannot be varied with an increase in voltage. 

Therefore to obtain a different wavelength a different 

tube must be used. ·Since tubes are quite · expensive 

it is not possible to have many on hand. Thus the 

number of wavelengths that can be obtained is limited. 

Besides this a considerable amount of time is required 

to change the tubes! Disregarding the objections to 

this second method, it is m~re satisfactory and the one 

actually used in the experiment. 

Li-his statement ho1ds on]¥ for the region of the spectrum 
shown in the graph. At. about snren'ty lilo-volts . tungsten 
also gives a characteristfc spec'trum allld looks similar to 
the moqbdenum spectrum. 'J1his characteristf.c spectrum, 
however, has such a short wavel.ength that it is tooi pene­
trating to, be of much value in: 'this work. 
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II F.quipnent 

In general the three essential pieces of apparatus 

.necessary to carry on an investigation in the .field of 

microradiography are an X-ray unit, a suitable camera, 

and an enlarger. The first two of these requirements 

were easily and satisfactorily obtained. However, the 

- physics department oid not possess a suitable enlarger, 

so a workable model had to be constructed from avail­

.able material. 

The X-ray diffraction unit serv~d .admirably as a 

source of X-rays. The on:cy difficulty involved along 

that line concerned the changing of tubes. Since all 

the tubes on hand were not of the same design special 

fittings had to be installed in order that tubes -could . 

be exchanged in a reasonable length of time. In all, 

three different X-ray tubes were available, containing 

copper, cobalt, and molybdenum targets respectively. 

All three tubes were used in the course of the experi­

ment. 

The camera shown in Figure 4 consisted of an 

aluminum plate four inches~ , inches. A brass tube . 

one and one-half inches long was mounted over a hole in 

the center. The specimen holder consisted ot a brass 

tube two inches long. The camera was backed with two 

one-sixteenthsinch sheets of ·bakelite. The inner one 



t . 

Figure 4. The camera, specimen tube, and · the plate 
holder containing an exposed film. 

10 



..._,, 

11 

c·ontained a slot one and one-half inch wide so that . the 

plate holder could be slipped into it. The plate holder, 

a strip of bakelite six inches long and one and one-half 

inch wide, contained four small slots so that it could 

be held in four different positions by the small catch 

at the t~p of the camera. In this way four exposures 

coula be taken on one film. This number might easily 

have been raised to five or six w~thout having the 

pictures overlap. 

The specimen was fastened over one end of the speci­

men holder (the upper· end as it is shown in Figure 4). 

The other end of the specimen holder was covered with a 

filter. This filter, besides limiting the X-rays enter­

ing the camera to the K r:L, line, also kept ordinary light 

_from entering the came.re through the tube. In ope.ration 

the specimen holder was placed into the tube mounted on 

the camera and pushed in until the specimen came in con--..... 
tact with the film. The camera was then mounted on the 

diffraction units as close as possible to the X-ray tube. 

The powder specimen was prepared by mixing a small 

quantity of powder~~ metal with glue and allowing the 

mixture to harden. .At first the powder and collodion 

were mixed on a piece of plate glass, then another 

smaller piece of glass was placed on top of the mixture; . 

by varying the pressure on these two pieces of glass the 
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thickness ~f the specimen could be changed. -A:rter the 

collodion had dried, the glass plates were removed and a 

thin film of cellulose containing the metal particles 

resulted. Thia process was used for several of the 

earlier trial runs. It was found, however, that the 

col1pdion as -= it dried between the two pieces o~ glass 

had a tendency to form small bubbles of vapor in the 

specimen. The number of these bubbles was considerable 

and often they became quite large. Besides creating 

holes in the specimen these bubbles had a tendency to 

push the metal particles off to the side where they 

would become quite dense. In many cases they actually 

overlapped to such an extent that they were practically 

opaque to the X-ray beam. In practically all trials 

they were opaque enough to prevent an accurate analysis . 

of the picture. 

An attempt was made to smear on a piece of glase a 
~ 

mixture of collodion and metal powder. In this manner 

a bubble free specimen was obtained, but in general the 

dry collodion was so brittle it could not be peeled ott 

from the glass. It was found that when •:ouco Cement" was 

substituted for· collodion the resulting smear could be 

removed with the aid of a razor blade pro~ided the cement 

had not hardened completely. '!he beat time to attempt 

to remove the specimen was :round to be about a minute OF 



two after ·the smear had been made. In general the densl. ty 

of the metal in the smear was gre·atest at the center and 

less towardstlle edges. Since only a small portion o~ the 

smear waa required for a specimen the proper density could 

be obtained by selecting a suitable section of the smear. 

Once suitabl.e specimens were obtained, no unusual. 

_difficulties were encountered in obtaining the X-ray 

photographs. Eastman Spectroscopic Safety film type 

548-0 was used. Al. though the grain of this film could 

easily be detected under high power magnification, the 

grain size was much smaller than the actual aize of the 

powder. For thia reason a suitable magnification could 

be obtained without showing even as much as a trace of 

the film grain. At first the film was processed in 

Eastman W.crodol developer. However, since the grain 

size o't the film was much smaller than the powder 

granulea photograp9ed, and since the fine grain devel­

oper slowed down the speed of the film to a remarkable 

degree it was found much more advisable to use regular 

X-ray developer • . The best exposure time for moat speci­

mens was around eight to fifteen minutes, with the tube 

operating at thirty-five kilovolts and fifteen milli­

ampere. This exposure time varied of course for the 

lighter elementa such as magnesium and ~luminum, but in 

general, about eight minutes was the average exposure 

time. 
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The chief difficulty involved the construction of 

an e:tticient enlarger to enlarge the X-ray photograph•. 

The ideal deviee would .have been a regular metallographic 

microscope. However, since the pqysics department does 

not possess a great deal of metallurgical equiJJDent, aueh 

an instrument was not readily available. Several micro­

scopes were on hand and supplied a good starting point 

for the construction · of an enlarger. 

The first enlarger constructed consisted of a light 

source., microscope, aao plate holder mounted in line in 

that order. The X-ray photographs were placed on the 

stage of the microscope and focused on the plate holder. 

The enlarg~ment of this arrangement was very good, but 

for some reason the resulting pictures lacked contrast. 

A series of changes in eaposure · and developing times did 

not seem to remedy this situation. The plate holder 

was then replaced with a Leica camera. The image could 

be focused on the ground glass with considerable precision. 

Since the camera used thirty-five millimeter film, if any 

sizeable portion of the X-ray picture was to be reproduced, 

the magnification had to be kept down; actually, the magni­

fication obtained during this step was only about ten. 

These photographs were enlarged once more ·with a regular 

~hotographic enlarger which brought the total magnifiea- . 

tion up to about sixty. ~e resulting pictures showed 

a fair degree of contrast and a good deal of clarity, 



considering. that two separate focusing operations were 

involved in the production of each one. However, it wes 

impossib1e to approach in any way a reproduction· of the 

minute detail that was found on a visual microscopic 

examination of the X-ray photograph. 



III Experimental Results 

During the course of the experiment ·about one 

hundred and seventy-five individual X-ray pictures 

were taken. Maey of them were unsetis:fectory be-

18 

cause the specimens were too thick or the exposure time 

was incorrect. Many other·s when examined, elthough 

photographically satisfactory, did not eXhibit any 

unusual characteristics not found .in the JI18jority of . 

the .. pictures, and for this reason are not reproduced 

here. The microradiographs which are presented here 

give a representative picture of the results obtained 

~hrough a visual examination of all the pictures taken. 

The enlarged photographs do not possess the clarity 

gained by a visual microscopic examination of the .origi-. 

nal X-ray pictures. For this reason all the conclusions 

which can be drawn :from an examination of the enlargement 

can be much more soundly supported by direct microscopic 

examination. In fact the interpretation of the X-ray 

photographs was ell done visually, the enlargements shown 

here are presented to show as far es possible the basis 

for the conclusiomreached. Cne thing must be kept in 

mind while comparing the color densities of various parti­

cles in the enlargements. Due to a defect in the enlarger, 

the lower portion of all enlargements is ~arker than_ the 

remainder. For this reason it is well to compare .. color 



density from the same portion of the print, or from 

portions with the same shade of background. 

The first pictures taken were of fiae granules 
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of a ~ingle metal. i'hese pictures acted as standards 

by which the metals contained in mixtures could be as­

certained ' Figure 5 ahowa a microrediograph ~f a 

sample of powdered zinc. There . is a wide range in the 

shade o~ the various · zinc pa_rticlea. Referring back to. 

the equation derived in the introduction, 

I : I -.lf,a. f'Q.-1 . oe 
one sees immediately the cause of this. The amount of 

incident radiat°ion absorbed and thus also the. shade of 

the photographed particles depend upon both the mass 

absorption coefficients and the mass traversec. In the 

case of the zinc granules the mass absorptien coefficient.· 

is constant, therefore the difference in shade must be due 

to different sizes of particles. 
---- . 

On a close examination of Figure 5 one finds that this 

relationship holds for most of the particles. For example, 

the four particles numbered from one to four show a de­

crease in size ·and also a comparable decrease in intensity. 

This same property can be observed in any number of the 

particles. However, there are some ex~eptions in which 

it does not hold true. Particles labeled five and six 

are fairly-, smal ,. ~t- he-y show up as very light spots; 

conversely, particle seven is relatively large and yet 



Figure 5. llicroradiograph of powdered zinc tak4n 
with copper radiation. X60 

Figure 6. · Jlicroradiograph of iron .powder taken with 
eobal t radiation. X60 



19 

appears as a dim shadow. Thia can be explained on the 

assumption that particles five and six are lo~ slender 

granules standing on end, while seven is a thin flat 

granule. Thus five and six present a small area and a 

great depth to the X-ray beam while seven presents a 

large -area and small depth. 

This variation of co1or density with size must be 

kept in mind while examining all succeeding photographs. 

Figure 6 shows a sample of powdered iron. Here too can 

be found the relation of size and color, as well as a few 

exceptions. 

A second difficulty encoUDtered in the study of 

powder not arising in the analysis of a thin foil is the 

change in color density within a single particle of_a 

pure metal powder. This can be seen very well in Figure 7. 

The magnesium particles shown here were photographed with a 

rather short exposur~, to br~g out as much detail as 

possible. Still the particles do not show up too well. 

There is not much change in contrast between them and the 

background. In many of them there is a very coDsiderable 

change in color density. For example, particle 'number one 

has a reiatively large degree of~whiteness in the central 

portion but shades off towards the edges to su~h a degree 

that it is almost impossible to distinguish its boundaries · 

against the gray of the background. This same effect can 

be seen in most of the other particles in this picture. 
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Figure ? • Microradiograph of magnesium taken with 
cobalt radiation and given an exposure of two minutes 
at five milli-ampers. X60 

Figure 8. lfi.croradiograph of silicon taken with 
copper radiation. X60 
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It is due to- the fact that the thickness of the individual 
' 

particles varies considerably. More X-rays are absorbed 

in the thicker portions than in others. 

One other drawback to powder analysis can be found in 

the magnesium pic~ure. The particles indicated by the 

number two show a considerable change in color _density 

due to overlaping. There is no way to prevent the occur­

rence of this overlaping, so it must also be taken into 

consideration when the pictures are interpreted. 

Figure 8 shows the occurrence of this overl&ping in 

a specimen ot silicon powder. Several instances of the 

overlaping of particles are po~nted out, and many othere 

ean be found on a closer examination. 

The four microradiographs of different fine metal 

specimens described so far point out three . of the dif­

ficulties involved in the analysis of a powdei19. The pro­

blem of this investigation was to find out if these dif-
~ 

ficulties could be taken into account or whether they 

would ao confuse the interpretation that an accurat~ 

analysis of the chemical elements involved would be im­

possible. After all if different meta1s in the specimen 

are to be detected through a difference in absorption, 

three other factors which also affect the absorption can 

be considered a definite menace. Figures 9 and 10 illustrate 

very well this difficulty. 

. . 
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Figure 9 ahowa an enlargement o-r some pure 

chromium powder. Sinc·e most of these granules are 

larger than_ the iron particles used in a comparison 

in Figure 10, this discussion will be limited to only 

those rather small uains shown clearly in tbe open 

apacee. · In general most of the amall chromium particles 

are very opaque to X-rays· and show up as distinctly white 

spots. The particles labeled one and two illustrate this 

point. There ere, however, a few particles, three and 

four for example, which are fairly dim, and in all 

probability represent thin flakes. A look back at Fi~e 6 

ahowa that iron particles of a size comparable with the 

small chromium particle• are considerably darker. It 

seems reasonable on this account to expect to be able to 

detect iron particles from clin>mium by their color density. 

Figure 10 shows a mixture of iron ana chromium. Here 

again the discussio~ will be limited to the 8Blllller parti­

cles. Thue the particles numbered one end two are ~airzy 

light and are probably chromium, while particles three 

and four are considerably darker and for this reason are 

probably iron. It is impossible to say with certainty 

whether a given particle is iron or chromium because 

in the pure chromium sample there are a few thin parti­

cles which are much darker than the ordinary particles. 

These particles could easily be mistake~ for iron. Also 

in the pure iron powder there are e few particles ligl,t 



Figure 9. Microradiograph of chromium powder taken 
with cobalt radiation and given an exposure of five 
minutes. X60 

Figure 10. llicroradiograph of chromium and iron 
taken tmder the same conditions as Figure 9. 

23 
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enough to be mistaken for chromium in a mixture of the 

two metals. Thus in the mixture of iron and chromi"111 

one can only state with probabil~ty whether a given 

partiele is iron or chromium. 

The only possibility of obtaining conclusive 

resu1ts ·rests in the analysis. and camparison Df 

powders under different wavelengths. If this variation 

of particle size were great enough to overcome the dif­

ferential absorpt~on of X-rays under different waveleqt.hs, 

powder. analysis would be inconclusive. However, it was 

found that when the same mixtures of metal powders w4re 

photographed under different wavelengths of X-rays the 

chemical nature of a given particle could be determined 

with certainty. 

Figures 11 and 12 show the same portion of a mixture 
. . 

of copper and aluminum taken ·with cobalt and molybdenum 

radiation respectively. On referring back to the gr~ph 
. -::;.. 

showing the mass absorption coefficient as a f\mction of 

wavelength one w111 find that for a wavelength correspond­

ing to cobalt radiation the mass absorption _coe:fficient 

of copper and aluminum are practically the same while at a 

wavelength corr•sponding to molybdenum radiation copper · 

has about the same coefficient while that of aluminum has 

dropped to an insignificant value. In the picture taken 

with cobalt raaiatioD we ~ould expect to find copper and 

aluminum particles ·of the same size have the same color 



Figure 11. M:icroradiograph o'f aluminum and copper 
taken with molybdenum radiation. X60 
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Figure 12. · Microradiograph o~ the same sample of alwni­
num and copper powder shown in Figure 11. All condition• 
were the same except cobalt radiation was used. 
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density, while in the molybdenum picture the copper parti-

. cl.es should remain the same end the alumiDum, · n~w practi­

cally transparent to the X-ray beam should be nearly the 

same shade as the background. In this way by studying 

the two pictures it should be possible to tell definitely 

w~ich particles are aluminum and which are copper. 

This actually shows up very well in the photographs. 

In Figure 11 particle one represents a fairly light 

granule of aluminum. In Figure 12 this same particle i 

much darker. The same effect shows up in all the alumi­

num particles seen in the picture. In fact the particles 

labeled two and three in Figure 11 have become so trans­

parent under molybdenum radiation that they do not show• 

up at all. 

The same results as obtained with the samples of 

copper and aluminum can-be obtained .with many other metals. 

The only limiting fac..tor is the range of X-ray wavelengths 

available. using the three tubes available and the more 

common elements, one can see from the graph that the same 

change in the abeorption. coetticient should occur im zinc 

as occurred iil_ copper. Lilewise· a change in the a~sorp­

tion coefficient of iron should be readily found when 

photographed under copper and cobalt. Tests were made· 

with mixtures of iron and nickel and iron and zinc. 

Both of these tests indicated very conclusively that 

the change in the absorptivity of iron was great enough 
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to enable a · positive identification of the chemical nature 

of arry spectt•ic metal granule. 

An enlarged section of the iron end zin~ specimen 

taken with cobalt radiation is shown in Figure 13; the 

aame section photographe~ with copper radiation is shown 

in Figure 14. _Under cobalt radiation iron and- ainc 

should hav~ the same coefficient of absorption. Figure 13 

shows that .all particles have a _ahade of gray .depending 

upon their relative size. In Figure 14 there is a aar1eed 

difference as many of the particles have practically dis­

appeared when compared to the remaining ones which are 

very light. Under copper radiation the iron particles 

absorb much more radiation than the zinc and therefore 

appear much lighter than the zinc. Therefore any parti­

cle which is lighter under copper radiation than cobalt 

is iron whereas any particle lighter under cobalt radia­

tion is zinc. The Pt rticle labeled number one is con­

siderably lighter in Figure 14 under copper radiation 

and therefore is definitely iron. Particle two is 

much lighter under cobalt radiation and is therefore 

zinc. Particles three and :four -are veey light under . 

cobalt radiation and practically invisible under copper 

radiation definitely proving that they are zinc. Parti­

cles five, six and seven are much lighter under copper 

radiation and thus are iron. Th_e chemical nature of_ any 

other particle can be ascertained by comparing its color 



Figure 13. Iron and zinc photographed with cobalt 
radiation. · X60 

Figur.e 14. Sule apeeimen shown iJ1 Figure 13 · and taken 
under the aame conditions, except copPer radiation was 
uaea instead of cobalt. 
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in the two photographs. Since the two photographs are 

so strikingly different it is usually necessary to use a 

compass to locate the same particle on both pictures, by 

measuring its distance from two known particles. 

In working with powders it was hoped that a method 

might be found of determining the chemical .nature ot a 

powdered alloy. In this respect not much satisfaction was 

obtained. The variation in thickness of the powder parti­

cles was great enough to overshadow any color variation 
. . 

due to the different absorption coefficients of the metals 

present. Figu~e 15 shows a good example of this phenomenon. 

The metal powder· is an alloy of about ninety percent lead 

and small percentages of tin and antimony. Many of the 

particles show great variations in color but the fact that 

all lighter portions of each grain are lined up along the 

central axis ·· of the particles shows that they are not due 

to a variation of -t~e absorption coefficient but to dif-
~ 

ferent thicknesses of metal. For example, the particle 

labeled one shows how the thickness of the particle varied 

instead of the arrangement of the three metals present. 



Figure 15. 11icroradiograph of a pow~ered 
alloy containing lead, antimony, and tin. 
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IV Conclusion 

On the whole the results obtained in .this experi­

ment were very satisfactory. A powder specimen greatly 

simplifies the process of microradiography as compared 

to the regular thin foil method generally used and yet 

gives just as conclusive results. About the only precau­

tion that ~ust be observed iri preparing a powder specimen 

is that the individual particles be spread out enough so 

that they do not overlap. 

Several minor difficulties were encountered in the 

powder method which do not arise in the fo!-1 method. The 

overlapping. of powder granules or a varying thickness in a 

single granule might lead one to wrongly infer that the 

resulting lighter area on the photograph was due to the 

inclusion of different metal. Also in the anal,ysis of a 

powder, some long narrow granules standing on end tend 

to confuse the interp~etation of a photograph. These 

difficulties, if kept in mind, do not present too serious 

a problem and can be overcome completely by analyzing 

the same section of a specimen under different wave-

1engths of radiation. 

Photographs of corresponding sections of the same 

specimen when taken with different tubes show vecy con­

clusi,e\y the chemical constituents of the individual 

powder granules. In fact if the proper radiation is 

chosen by referring to the graph of absorption vs. 



wavelength it is possible to obtain pictures ·~~aryibg , very 
\ 

widely in appearance. One can obtain a pictur4 whe~e all 

particles have a color density correspond~ng to theif°• 

relative size and another of the same section:· of the ) speci­

men where particles of one element practically disap~· 

while those of other elements remain almost unaffected. 

In this manner any doubt due to the overlapping or vary­

ing thickness of t'.he particles can be overcome. 

In an alloy the various metals are so finely divided 

that they are indistinguishable when photographed in the 

form of a powder, at least to the extent that this investi­

gation was able to go. In this case the. varia~ions in 

thickness completely mask the effect of the different ab­

sorption coefficients of the metals present. Although the 

results with alloys were not too satisfactory it may· be 

possible that more favoral}le results co·uld be obtained 

by using a finer grained film and a better and ~ore power­

ful enlarger. 

The technique developed in this work could be applied 

to good advantage in solving certain industrial problems 

of testing and control. It's most obvious application 

would be in the testing of a material used in the powdered 

form, such as testing the mixed ingredients for ce11rmi c ­

or plastic manufacture. Microradiographic testing could 

reveal the approximate percentage of each ingredient, the 

degree of mixing or the average particle size of any 
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single ingI_'edient. Powder microradiography can also be 

applied to solid materials since it is much easier to 

- prepare a powder specimen than a foil. 

An attempt was made to measure the percentage com­

position of various metals present in a mixture from an 

enlarged . microradiograph. This was to be done by taking 

photograph; cutting out all the particles of a particular 

element with scissors and weighing them on a chainomatic 

balance. The percentage of a metal pre~ent could then 

be obtained by comparing the weight of the pictures of 

that metal with the weight of the pictures of all parti­

cl.es present. There ·is little doubt that this method would 

under suitable conditions give an accurate quantitative 

analysis, but due -to the fact that the en1arger used did 

not give sharp images of the individual particles it was 

impossible to carry out this test. 
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V Summary 

, I Powder specimens simplify great]¥ the work involved 

in obtaining a suitable microradiograph • . 

II Several difficulties arive due to the variation of 

size, thickness, etc., and must be kept in mind when 

interpreting the enlarged photographs. 

III The proper selec_tion of wavelengths of X-rays used 

enables one to obtain photographs which show very 

clearly the different metals present in the specimen. 

IV 'l'he results with powdered alloys were not very con­

clusivef more satiafactory results could probably_ be 

obtained by using a f inf• grained film and a better 

enlarger. 
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