
RFP-2 1 1 5 
January 17, 1974 

ANALYSIS OF HIGH-DENSITY AREAS 

IN BERYLLIUM HEMISHELLS 

Orville A. Lee 

David H. Riefenbem 

DOW CHEMICAL U.S.A. 
ROCKY FLATS DIVISION 

P. 0. BOX 888 
GOLDEN, COLORADO 80401 

U. 8. ATOMIC ENERGY COMMISSION 
CONTRACT AT!29.1)-1106 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or 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 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. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



LEGAL NOTICE > 

Thie report was prepared ae, an account of work spuneored by the , 

United States Government. Neither the United States nor the United 

States Atomic Energy Commission, nor any of their employees, nor 

any of their contractors, subcontractors, or  their employees, mslfes 
any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuwy,  completenese or usefulnedla of any 

information, apparatus, product or process discloeed , or represents 
that its use would not infringe privately owned rights. 

Printed in the United SWas of America 
Available from the 

Hatianal Tecbnicnl Information Service 

U. 8. Department of Commerce 
8pringfield, Virginia 22151 

Price: Printed Copy $4.00 Microfiche $1.46 



Printed 
January 17, 1974 

ANALYSIS OF HIGH-DENSITY AREAS 

IN BERYLLIUM HEMISHELLS 

Orville A. Lee 

David H. Riefenbetp 

- 
N O T I C E  

This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States ~ t o m i c  Energy 
Commission, nor any of their employees, nor any of  
their contractors, subcontractors, or  their employees, 
makes any warranty, express o r  implied, or  assumes any 
legal liability or res~onsibi l i ty  for the accuracy, COm- 
plotaness or usefulness of any infur~rnation, apparatus. 
p r o d k t  or process disclosed, or  represents that  its use 
would not infringe privately owned rights. 

DOW CHEMICAL U.S.A. 
ROCKY FLATS DIVISION 

P.O.BOX888 
GOLDEN, COLORADO 80401 

, Prepared under Contract AT(20-1 ) - I  106 
for the 

~ lbuquer~ue Operations Office 
U. ~ . ' ~ t o m i c  Energy Commission 

SUBJECT DESCRIPTORS 

.Beryllium 
l mpurities 
l nclusions 
Radiqlrephv 

LTSTRIBU_TION OF THIS DOCUMENT IS UNLlMlTEq 





, .  " C O N T E N T S  ' . . . . .  

. . .  
, , . . . . .  

. . . . . ................................... .............. Abstract 1 
Introduction ................. ; .. :. ;. .. :. ; . .  , .............. ..:. . 1 . .  

....................... ..........:....... Expeeental r : : . . . . .  1 . 
........................................... Results ; ......... 1 

................................ ....... Wormlike Perturbations ; 1 
. . .................................... . .  Semi-spherical Perturbations 2 : 

.. ................................ ............ . .  Di,scussion : ....... I 2 . .  
. . 

Conclusion ............................................ ; ........ 3 . . 

. . 



A C K N O W L E D G M E N T S  
: . I .  

' The authors gratefully acknowledge the' assistance of J .  L. Summeis for the 
radiographic examinations that pfonipt'ed this study,' A. W. ~ r e k k r  f& the 
transrnissidri electron microscopy, aid P. A. Kneale for aid 'in sample 

. . . .  
, preparation and examination. 

. . 



ANALYSIS OF HIGH-DENSITY AREAS IN BERYLLIUM HEMISHELLS 

Orville A. Lee and David H. Riefenberg 

Abstract. Small areas of high and low radiographic 
density in hot-pressed beryllium ,were studied by 
macroetching, and optical and electron microscopy. 
The areas were either semi-spherical or wormlike 
in shape, and were found to be agglomerates of 
grains markedly coarser or finer than the matrix. 

Hot-pressed beryllium hemishells procured from 
Brush-Wellman and Kawecki-Berylco occasionally 
show areas of slightly high density in radiographic 

I inspection. The areas of concern are sometimes 
mall semi-spheres (*X6-in. diameter) and other 
times wormli,%, up to several inches long by about 

1 l / , ,  -in. diameter. Less frequently, and in the worm- 
like shape only, lowdensity areas have been found. 
Neither type of radiographic perturbation is of 
the simple void or heavier-metal deposit type 
previously studied by several investigators. Wlile 
the unusual areas are not cause for radiographic 
rejection of the parts under the current specification, 
they are reason for concern to Lawrence Livermore 
Laboratory (LLL), Livermore, California (Don 
Walmsley). Rocky Flats was requested to identify 
the cause of the radiographic perturbations. 

I 
I 

i EXPERIMENTAL 

i 
I Parts WII~~II~I~ toll1 se~nd-syl~erical md wormlike 
I radiographic perturrbati~nsl were removed frnm the, 
1 production stream for study. The areas of interest 

were located by radiography and machined from 

I the hemishells. The resulting specimens were 
examined by acid etching, optical microscopy, and 
transmission electron microscopy. 

RESULTS 

Wormlike Perturbations 

A part segment known from radiography to contain 
w-like areas was dipped in acid which attacked 
the surface, emphasizing the features present. In 
this case, one of the wormlike areas extended to. 
the surface and is clearly visible in Figure 1. 

The etched end of a slice through the same segment 
(Figure 2) shows darkened outlines which corre- 
spond exactly to a radiographic view taken in that 
direction. The radiograph identified high and low 
density features. , 

Optical metallography of the darkened areas in 
Figure 2 shows that the wormlike areas of high 
radiographic density are segregations of grains 
much finer than the surrounding material (Figure 3). 

Conversely, areas having low radiographic density 
are collections of larger-than-normal grains 
(Figure 4). 

Figure 1. Acid Etched Segment of Hemidrell Showing 
Feature on Surface. Other features were also 
present below surface of segment. The scale is 
in centimeters. 



These observations are consistent with the hypothesis 
that beryllium contains most of its oxide content 
(predominant impurity) in grain boundaries in a 
thickness that is independent of grain size. 
Beryllium oxide has higher radiographic density 
than beryllium. Fine grained areas have higher 
grain boundary area per unit volume than the matrix. 
Conversely, coarse grained areas have a lower grain 
boundary area per unit volume. Both effects result 
in different oxide content than the matrix. These 
effects are strong because grain boundary area 
varies as the square of grain diameter. The worm- 
like radiographic perturbations result from the 
different oxide content of these fine and coarse 
grained areas. - - .-- - - - - -  - - - 
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Semi-ical Perturbations 

The semi-spherical radiographic perturbations lay 
below the surface of the beryllium, and were not 

F@IN 2. Etchad Cram section of Segment Shawn in 
" , flgun1.W. 

amenable to examination by surface etching. The 
beryllium was cut, exposing the areas of interest, 
and then the areas were examined by optical and 
lrmsrrmission electron microscopy. 

Figure 5 shows the semi-spherical perturbations 
are simply a different confwation of the worm- 
like feature, but only fine-grained (high radiographic 
density) spots have been seen to date. Electron 
transmission microscopy of a semi-spherical pertur- 
bation shows the incidence of predominantly 
oxide impurities (the small peppery spots in 
Figure 6) is much higher in the fine-grained areas 
than in the matrix. This confms the hypothesis 
(drawn from the wormlike areas) that grain size 
and associated impurity content directly affect 
radiographic density. 

DISCUSSION 

It is believed that the features identified result 
from electrostatic agglomeration of Mar-sized 
p d c l e s  in the beryllium production process. The 
beryllium vendors may ar may not be able to 
a h ~ d ~ a l c  Ula l p~ rsblem. 
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Whether grain agglomerations are harmful to Rocky 
Flats in-house processing of beryllium hemishells 
can only be speculated. It is known that impurities, 
including beryllium oxide, tend to strengthen and 
embrittle beryllium; it is conceivable that inter- 
section of such an agglomeration with a weld (where 
plastic d~fomatiur~ trr:nlrs in ~00lhlp) could re6ult 
in a short crack. Observations have not revealed 
co-occurrence of a radiographic density variation 
and a crack root in several years of processing 
history. There is, however, a possibility that the 
phenomenon was not observed because it was not 
specifically sought during the experiments. 

CONCLUSION 

The radiographic density perturbations of concern 
to LLL have been identified as resulting from local 
areas of finer- or coarser-than-normal grains. Based 
upon the findings, it can not be reasonably recom- 
mended that the radiographic rejection criteria for 
beryllium hemishells be tightened to disallow the 
grain agglomerations studied. 

Figure 4. Character of Low Density Wormlike Feature 
(cross section). Polarized light, 100X. 
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Figure 5. Character of the High Dendty SemiSpherical 
Feature. Polarized light, 75X. 

Figure 6. Transmission Electron Photomimraph of the 
Fine Grained SemiSpherioel Feature Shown in 
Figure 5. The black5 of different colors are 
different grains or su bgrains. 25,000X. 




