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Abstract 

L-ght microscopy, bare-film radiography, secondary ion mass spectroscopy, 
electron microprobe and physical testing were used to examine beryllium 
specimens exhibiting a stratified, pitted, pattern after chemical milling. 
The objective was to find the cause of this pattern. Specimens were found to 
have voids in excess of density specification allowances. These voids are 
attributed, at least in part, to the sublimation of beryllium fluoride during 
the vacuum hot pressing operation. We attribute the origin of the pattern to 
these voids and etching out of fines and associated impurities. Hot isostatic 
pressing with a subsequent heat treatment close residual porosity and 
dispersed impurities enough to correct the problem. 

Introduction 

Beryllium is often chemically milled to remove subsurface damage caused by 
machining. Recently some beryllium parts displayed an unusual pattern after 
such a chemical milling process. The chemical milling procedure was carried 
out using a solution of phosphoric, chromic and sulfuric acid in water at 
70°C. This procedure had been used for several years on similar grades of 
beryllium without causing this unusual pattern. 

The physical properties, including the bulk density and the mechanical 
properties, were within specifications. Optical metallography, secondary ion 
mass spectroscopy, electron microprobe and low voltage radiographs were used 
to find a reason for the chemical milling solution pitting certain areas more 
than others. 

*This work was performed under the auspices of the U.S. Department of 
Energy by Lawrence Liveraore Laboratory under contract No. W-7405-Eng-48. 



Experimental 

Beryllium samples were taken from a vacuum hot pressed billet that had a 

heavy pattern of voids or pits and from areas that did not contain the pattern 
of voids. The samples taken from patterned areas were sectioned at several 
planes in order to obtain a depth profile. Specimens from the pipe region of 
an ingot were also examined. 

Specimen preparation was accomplished using several techniques. 
Initially, all specimens were prepared by hand, using normal metallographic 
procedures (i.e., coarse grinding, hand grinding and coarse polishing on 
silicon carbide papers using kerosene as a lubricant. Fine polishing was 
accomplished with 1-y diamond on nylon and .25 p-diamond on microcloth). 
Because of evidence that particles were beine pulled out or dissolved, 
subsequent preparation was done using 1- and .25 y-diamond on silk with 
ethylene glycol as a lubricant. These specimens were taken from the saw cut 
to a 1-y vibratory polisher without any intermediate grinding and 
preparation to ensure that no particles from these intermediate steps would be 
mistaken for impurities in the material. Their size range was that of the 
voids or pits in question. 

An optical metallograph was used to examine the as-polished surfaces in 
bright field, polarized light, and phase interference contrast conditions. 

Secondary ion mass spectroscopy was used for elemental identification, 
with both imaging and depth profiling. This technique bombards the surface of 
the specimen with cesium ions, maintains the spatial relationships of the 
specimen ions knocked off by sputtering and then detects and mass analyzes the 
specimen ions. This technique is very sensitive (PPM) tnd can easily detect 
light elements. Electron microprobe was used for particle identification and 
imaging when impurities were in areas large enough to do so. 

A scanning electron microscope was used to examine frac'ure surfaces as 
well as polished specimens. 
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Material certification for this pressing (2142-A) was supplied by Bruch 
Wellman and is listed in Table 1. Densities were measured by the displacement 
method using the following formula: 

specimen wt. in air X density of kerosene Density = 
specimen wt. in air - specimen wt. in kerosene 

All measurements were at ambient temperature and conditions sccording to ASTM 
designation D792-66. 

Results and Discussion 

Density measurements, listed in Table 2, of specimens from patterned 
areas, non-patterned areas, and a specimen from an extremely pitted area were 
well within specification limits. (99.3% of theoretical by the following 
formula: 

theoretical density = g/cc 
100 - XBeO I BeO 
1.847 3.009 

Values are also given for a hot isostatically pressed specimen to show the 
effect of the additional pressing. These densities suggest that although 
there is some porosity present, it is not enough to account for the pattern 
exhibited in Figure 1. Additional examination, using the bare film 
radiography technique, did not show any variation in density through the 
specimen as would be expected if voids were the only cause of the pattern on 
the chemically milled surface. Careful polishing to a plane just below the 
pattern removed most evidence of it. (Figure 2 and 3) In addition, in a 
pressing having a uniform distribution of particle sizes and impurities, a 
random distribution of voids would be present, providing that the geometry is 
not complicated. If they are not uniform, areas with coarse powders would 
have voids that are easier to eliminate during pressing than areas that are 

2 high i,i fines. Examination of polished surfaces revealed a high amount of 
fines associated with the porosity or pits in the material (Figure 4 ) . 
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Physical analysis of this particular powder lot showed a fine content of 
24.1%. Impurities were also observed to be associated with the fines and 
porosity (Figure 5 ) . Fine particles (<lu) are inherently high in 
contaminants that originate in the reduction and casting process and also from 

3 • • • 
ambient atmosphere. Particle size is shifted downward to minimize grain 
size. This results in providing a material with higher strength and ductility. 

Areas that were pitted more severely had a higher concentration of fines 
and impurities. Elements identified were carbon, nitrogen, oxygen, fluorine, 
chlorine, iron, aluminum, silicon, manganese, and chromium (Figure 6). 
Quantitative analysis of these elements were not performed at this time for 
this report, •„•'•., except for fluorine, were analyzed for certification and 
were reported to comply with specifications. 

"Impurities that come from the cast ingot, e.g., Fe, Al and Si, form 
intermetallic compounds. Salts from Mg-reduction operation are carried into 
the ingot. Mold materials (graphite) become entrapped in the ingot surface. 
Other contaminants are picked up from the atmosphere. All of these are tiny 
and brittle and are present in beryllium powder as ultra-fine dust, nearly all 
of which pass through the 200 or 325 mesh screens to become part of the final 

3 beryllium powder." Air classification by a secondary classifier is 
supposed to remove these ultra-fines, producing a +3li powder in size. In 
this .nstance, however, the sizing was lowered to l)i. 

Impurities can agglomerate because of electrostatic charges built up 
during blending. An example of such an agglomeration is shown in Figure 
7. This is a gross example of what typically is found on a smaller scale in 
the material. Electron microprobe identified carbon, nitrogen, fluorine, iron 
and aluminum in the agglomeration. Only carbon, iron and aluminum were in 
sufficient amounts to image (Figure 8). Because most of the impurities were 
believed to be associated with fines, the more sensitive secondary ion mass 
spectroscopy technique identified those elements whose compounds of 
beryllium would be easily or preferentially attacked by the chemical milling 
solution (e.g., carbides, nitrides, and particularly fluorides). Analysis by 
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secondary ion mass spectroscopy revealed carbon, fluorine and other impurities 
to be located in previous particle boundaries (Figure 6). Comparison of 
heavily and less pitted areas proved the heavier pitted areas to be higher in 
fluorine. Depth profiles of the two areas also support this (Figure 9). 
Electron microprobe easily supported the secondary ion mass spectroscopy 
analysis in all but one instance. While fluorine was detected, it was only 
with substantial effort. A specimen taken from the pipe area of an ingot was 
examined to find out what impurities could be carried into the pressed 
billet. In this instance, beryllium fluoride was readily identified and found 
to be associated with other impurities (Figure 10). The reason the fluorine 
was detected by microprobe in the ingot material and only with difficulty in 
the pressed log sample is because beryllium fluoride sublimates at the 
temperatures used for vacuum hot pressing (1000-1050°C) . This sublimation 
causes the beryllium fluoride to out-gas leaving only small amounts and 
voids. This, and dissolution of impurities around fines, cause a large 
percent of their surface area to be exposed, thus etching out the fine 
particle causing a pit. The vacuum hot pressing operation forming the billet 
is not enough to close the voids caused by the sublimation of the beryllium 
fluoride. 

The concentration of fines, voids and impurities in segregated areas 
causes the pattern seen on the surfaces after chemical milling. To determine 
the origin of the segregation, one would have to study the production process 
involved. Some reasons can be suggested, e.g., different lots of powder were 
blended insufficiently, powders were stored near vibrating equipment causing 
segregation, and pouring powder into dies or other containers can cause fines 
to separate out - a form of air classifying. 

An additional hot isostatic pressing operation and heat treatment (Figure 
11) m.ccessfully used to correct the pattern, did so by closing the voids 
associated with the fines and dispersed the impurities more uniformly 
throughout the billet (Figure 12). 
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Conclusions 

The lowering of particle size to ly has allowed a larger amount of 
impurities to be introduced into the material. The pattern observed on the 
surface after chemical milling is due to a non-uniform distribution of fines 
and impurities. Vacuum hot pressing has sublimated the beryllium fluoride 
impurities leaving voids associated with other impurities. Hot isostatic 
pressing and subsequent heat treatment closed the voids resulting from the 
sublimation of beryllium fluoride during the vacuum hot pressing of the billet. 

Acknowledgements 

The author would like to express gratitude to Jim Hanafee for his support 
of this work, technical input, and patience after ?. couple of trips into blind 
alleys, and to Phil Landon for his support, encouragement and advice. Al 
Goldberg's cooperation, constructive criticism, and editorial ability is 
appreciated. Cliff Price willingly gave of his expertise and time in 
analyzing the specimens with secondary ion mass spectroscopy at Charles Evans 
and Associrtes. A special thank you is due to Don McCoy for his efEorts in 
identifying the agglomerated particles. 

msn.UMKR 

Ihis document was prepared as an account of work sponsored hy an ae.e.'C) of 
the l niled Stale* (inurnment. Neither the I niled States (iovernmcnl nor tile 
I niversily of California nor any «' their employees, nukes any warranty, ex
press or implied, or assumes any legal tiuhilih or responsibility for the ac
curacy, complelencss, or usefulness of :.ny information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned 
rights. Reference hrrcin to any specific commercial products, pruecss, or scrv ice 
hy Irade name, trademark, manufacturer, or otherwise, does nol necessarily 
constitute or imply its endorsement, recommendation, or fas tiring hy Ihe I nited 
Stales Government or the Inhcrsity of ( alifornia. The views and opinions of 
authors expressed herein do nol necessarily stale or reflect those of Ihe I niled 
States Government thereof, and shall not be used for advertising or producl en
dorsement purposes. 

6 



References 

1. Ellen Placas, LLNL, private communication. 
2. Cornelius Durdaller, Hoeganaes Corporation, Technical Bulletin - Powders 

for Forging, p. 203, 1971. 
3. Normal P. Pinto, Beryllium Science and Technology, v"ol. 2, Comminution and 

Consolidation, p. 14-15, 1979. 
4. Philip Landon, LLNL, privatr. communication. 
5. Handbook of Chemistry and Physics, 43 =d., p. 542 1962. 
6. Donald Kingman, LLNL, private communication. 

7 



Table 1 

Lot. N; . 2142-A 

Cheiiica' Analysis 

Serial 
No. Top-A A-47 A-48 A-49 A-51 A.52 A.53 A-54 A-55 A-56 Bot-A 
Be 99.27 99.26 99.26 99.26 99.26 
BeO .84 .96 
Fe .053 
C .053 
Al .020 
Mg .002 
SI .020 
Cr .004 
Mn .002 
Ni .012 
Ti .005 
S .001 
Cu .004 
U .002 
Density 1.8500 1.8513 1.8486 1.8477 1.8503 1.8508 1.8507 1.8519 
X Theo. 99.8 99.8 99.7 99.6 99.8 99.8 99.8 99.9 

Grain size Aug. Max. 
Top 8.1 27 

Bottom 8.4 33 
-l.Op fraction screens size 24.7% 

Supplied by Jim Hanafee 

.053 .053 

.042 .036 

.020 .020 

.002 .002 

.020 .021 

.004 .004 

.002 .002 

.014 .012 

.005 .005 

.001 .001 

.003 .003 

.002 .002 

.053 .053 

.035 .041 

.020 .020 

.002 .002 

.020 .023 

.004 .004 

.002 .002 

.012 .012 

.005 .005 

.001 .001 

.004 .004 

.002 .002 



Table II 

Density Comparisons 

(Adjusted for BeO content)* 

Non-Porous Area 

Porous Area 

Porous Area (extreme example) 
Hot isostatically pressed 
Theoretical density for whole log #2142 

nsity I of Theoretical 
1.850 99.84 
1.848 99.73 
1.847 99.68 
1.852 99.95 
1.853 100 

*theoretical density 100 
100 - 2BeO 
" 1.847 

" BeO 
3.009 

g/cc 



6.6X 

Fig. ] Vacuum hot pressed material exhibiting pitted 
pattern after chemical mi H i no 



6.6X 6.6X 

6.6X 

Fig. 2 & 3 The bare-fill., radiograph on the left shows 
uniform density as does the-as polished section 
on-the right.: The spots showing in the 
micrograph is residual porosity.from the 
original chemically milled surface (see arrows) 
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Fig. 4 Areas0 with voids, fines and impurities 
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Fig. 5 Impurities associated with fines and porosity 



*£ -' Elements and their location in previous particle boundaries as analyzed by secondary ion mass; spectroscopy 
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FT uorine 

Oxygen 

Nitrogen 

4r i 

Chlorine 
Fig. 6 continued 



Iron 

Aluminum 

Fig. 6 continued 
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Fig. 7 Agglomeration of impurities 



Carbon 

Iron 

Fig. 8 Electron microprobe images 
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Fig. 8 continued 
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Fig. 9. Images and depth profiles of fluorine (19) in heavily 
pitted and less pitted areas " . ' 
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Fig. 10 Inclusion material found in the ingot with a microprobe 
record showing presence of fluorine .' 



Hot isostatic press - 995"C/15 ksi/.5 hr./Argon gas 

Heat treat 1600°F/4 hrs. 
I 

Cool to 1375°F 
hold 1375°/12 hrs. 

I 
Cool to 1345°F 

hold 1345°F/12 hrs. 
1 

Cool to 1325°F 
hold 1325°F/12 hrs. 

I 
=- Cool to 1300"F 

hold 1300°F/4 hrs. 
J 

Cool to 1275°F 
hold 1275"F/4 hrs. 

! i 
_. Air cool 

Fig. 11 Additional pressing and heat treating cycle 
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fluorine 

Fig. 12 Hot isostatically pressing and heat treated material 
with closed porosity. Secondary ion mass spectroscopy 
image and depth profile of fluorine in this material 
(compare Fig. 9) 


