— —
-
- — ——
——
o - —







Brush Wellman Inc.

Brush Wellman Inc. is the world’s
major producer of beryllium and
its related products. We start with
our own ore reserves and mining
operations, and process the raw
materials through extraction,
refinement and fabrication of
beryllium mill shapes and beryl-
lium- -containing materials.

Brush Wellman has invested more
than 70 years in the development
of the technology, facilities and
marketing of beryllium, becoming
a fully integrated producer of sev-
eral different bervllium containing
products.

The company started in 1921 as
Brush Laboratories. In 1931, we
were incorporated as Brush
Beryllium Company to develop
commercial opportunities stem-
ming from our research on beryl-
lium, beryllium oxide, beryllium
copper, and other beryllium-con-
taining alloys. Brush Beryllium
Company was the first to recog-
nize the tremendous potential of
these materials and remained the
only producer until the late 1950s
when market growth attracted the
interest of other producers.
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Between 1959 and 1979 there
were as many as four producers
in the world, but, soon thereafter
the demand for metallic beryllium
again declined, leaving Brush
Wellman as the only producer in
the Western World.

In 1971, The Brush Wellman
Company was created with the
acquisition of the S.K. Wellman
Division of Abex Corporation.
This division was later sold to
MLX Corporation, but the name
Brush Wellman remains our cor-
porate signature.

Brush Wellman's Electrofusion
Products facility in Fremont,
California, was acquired in 1990.
It is a specialist in the field of
beryllium sheet and foil fabrica-
tions and assemblies. Product
end-uses are primarily in high
purity metal x-ray windows for
medical, analytical, industrial, and
scientific appllr_‘ah{mh.

Brush Wellman mines domestic
low grade ores called bertrandite
in the Topaz Spor Mountain area
of Utah while a higher grade ore,
bervl, is imported from various
areas of the world (Brazil, China,
Africa, etc.). Both ores are pro-
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cessed concurrently at our Delta,
Utah, extraction plant. The Delta
plant has recently been modified
and expanded to accept a wider
variety of ore, and to produce a
greater quantity of product.
Here ores are processed using
wet chemical techniques to pro-
duce an intermediate product,
beryllium hydroxide, which is
shipped to our Elmore, Ohio,
plant for conversion to metallic
beryllium and other beryllium-
containing products.

Brush Wellman's domestic
reserves of bertrandite ore assures
a reliable supply of beryllium-
bearing materials well into the
21st century. But we also have an
active program of evaluating other
beryllium-containing minerals
from all areas of the world. This
effort is designed to extend the
life of our ore reserves far into the
future,

Brush Wellman's confidence in
the future of beryllium is
demonstrated by the continued
investment in modern facilides
and extensive environimental con-
trols at both of its bervllium pro-
cessing tacilities.




Introduction

Berylhum 15 a space age maternial
in the truest sense of the word
Ome c~F the lightest metals
known, it the designer
with a u:-Tnl*u'..:’r:un of desirable
properties not found in any other
material. Strength-to-weight and
stiffness-to-weight ratios of
L"'-.I".ll..L“'[': are l.'LH.“"u.JlI..'llI'IL. It has
high specific heat and excellent
thermal conductivity, and it e
tains useful Eﬂn}]:writ'iw_n at both
alevated

PTe sents

and crvogenic
b
t-.'[HE'H._"!’ﬁtlI!!’L“j.

Beryllium also has qjgnific:mt
L1-_'.'I|h' is substantally uniform
m '|_'IT':'I'F!'L“||:]‘_"'-| 'I"H |1,":‘L'.|I|‘|. I-I'Ir"ILhI'I'I
able and can be rolled. drawn or
extruded
Muclear reactors, infrared target
acquisition systems, inertial
guidance instrumentation, mili itary
aircraft disc brakes, audio com-
ponents, high speed computer
parts, and satellite structures are
among the many exciting applica-
tions for this versatile material.

In recent vears, beryllium has

WM _‘LTI"-. AT .['IL_'L'L"F!I'..E'I'I"N_'I'_" Im
military avionics systems as an
optics material in advanced
targeting systems and heat sink
l'i!f‘lh[l’diﬂl."lH cores for surface
mounted electronic circuits (SMT).
Brush Wellman, which pioneered
the development of beryllium and
its derivitive materials, 1s recog-
nized throughout the world as
the leader in this technology. Our
compary L'ii."u'lu].‘lm‘i :‘n&*thuu.‘tw for
making high quality beryllium
Pﬂudm atud LLIJ"iullddhr‘Lﬂ it into




large blocks of high density, fine
grain material. Our method of
hot pressing large sections in a
vacuum atmosphere (VHP) re-
mains the standard of the
industry.

Developments in microalloying
and heat treating have enabled
Brush Wellman to produce
materials with preselected proper-
ties for specific customer require-
ments, greatly enhancing the use
of beryllium in a broad range of
applications.

Brush Wellman has made
substantial investments to pro-
duce parts to near net shape
using hot and cold isostatic press-
ing (HIP, CIP). These processes
significantly reduce the amount
of machining required to produce
a finished part and at the same
time impart properties that are
superior to those of standard
vacuum hot-pressed material.

As the Western World's only pri-
mary producer and fabricator of
beryllium metal, we are con-
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tinuing to work toward improve-
ment in the quality and depend-
ability of our materials. Our con-
tinuing goal is to develop cost ef-
fective materials to meet the
future needs of the designers.

The purpose of this brochure is
to acquaint the reader with the
properties and range of uses for
beryllium products.

For more detailed information,
contact Brush Wellman Inc.,
Beryllium Products Division, in
Elmore, Ohio.
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The national aerospace plane, designed o reach
Mach 25 after conventional takeoff, will use Higud
fydragen as both & fued and the cooting medhiom
for the angme. The excelent thermal conductivity
of beryim. as well as its nonpevmeabilify fo
fydmgen, makes it sutable for parts it the sngne
hear exchanger and inreral cooling panels,
{Courtesy, Aocketdyne Dhwsion of Rockwed
Imternational]

Aerospace demiers use Haryliem fr e st
port strveturss bocawse of the matenals gt
weplht, specifc strength and dmensons stabity
over @ winle ramge of femperatures. (Pharn
courtesy Hughes Areraft Covmpany!

Physical Properties

Low Densities

Bervllium is one of the lightest
structural metals known. Its den-
sity of 0.067 Ibs.lin.” (1.85 g/cc) is
two-thirds that of aluminum.
Beryllium's light weight, coupled
with its high stiffness and
strength, make it ideal for ap-
plications requiring a favorable
weight-to-stifness ratio. The den-
sity of beryllium is compared
with other structural materials in
Figure 1.

Thermal Properties

Beryllium has a specific heat at
room temperature of (.46
BTU/Ib.F (1925 ] /Kg °K), the
highest heat capacity of all
metals. This means for any given
weight and temperature change,
beryllium has the ability to ab-
sorb more heat than any other
metal (Figures 2 and 3). This
superiority is maintained up to its
melting point of 2352°F (1289°C).

Bervllium also has the best heat
dissipation characteristics among,
metals on an equal weight basis
with a thermal conductivity at
room temperature of 125 BTU-
ft/ft hr °F (216 W/M/°K).

The material’s coefficient of ther-
mal expansion is 6.4 x 10°

(11.5 x 10*/°C) /°F. This value

is comparable to those for
stainless steel, nickel alloys, and
cobalt alloys (See Table II).
Thermal expansion as a function
of temperature for two grades of
beryllium across the temperature
range of 100°K to 450 °K is
shown in Figure 4.

The thermal diffusivity of
beryllium, 2.28 ft.!/hr., assures
rapid temperature equalization,
which tends to eliminate or
greatly reduce distortion which
might otherwise occur as a result
of thermal gradients.

Muclear Properties

The nuclear properties of
beryllium, combined with its low
density, are attractive
characteristics for neutron reflec-
tors and moderators in the design
of reactors. Beryllium’s high scat-
tering cross section makes it effec-
tive in slowing neutron speed to
a level required for efficient reac-
tor operation. This ability
classifies beryllium as one of the
few good solid moderators avail-
able. Its major application, how-
ever, is as a reflector. In this
capacity, beryllium acts to scatter
leaked neutrons back into the
reactor core. Neutrons are con-
served because of beryllium's low
thermal neutron capture cross
section. Furthermore, beryllium
acts to increase flux density
through the Be’ (n, 2n) Be*
reaction.



Mechanical Properties

Strength

The mechanical properties ot
beryllium vary with the produc-
tion method used. Ultimate ten-
sile strengths range from 50 ksi
(345 MPa) for hot-pressed block
to 120 ksi (827 MPa) for extruded
rod. At elevated temperatures up
to 1500°F (816°C), beryllium re-
tains useful strength, while other
structural metals such as
aluminum and magnesium have
exceeded their melting point.
The specific strength of beryllium
(tensile strength/density) ranges
from 11.5 » 10° in. (2.92 %
1¥m) for cross-rolled sheet, to 70
% 10° in. (1.98 x 10°m) for hot-
pressed block (see Figure 5). At
both room and elevated tempera-

tures the specific strength for
wrought beryllium is greater than
other structural metals.

Rigidity

One of bervllium’s most out-
standing features is high elastic
modulus and the resultant
stiffness-to-density ratio. Com-
pared to other metals on this
basis, beryllium is superior by a
factor of seven from room tem-
perature to 1200°F (649°C) (See
Figures 6 and 7). Beryllium has a
modulus of elasticity of 440 x
10¢ PSI (3.03 x 10° MFa), four
times that of aluminum, two and
one-half times that of titanium,
twice that of SiC reinforced
aluminum and various grades of

graphite epoxy. For light weight

applications requiring a high
specific modulus of elasticity,
beryllium is unsurpassed.
Creep

Creep data for hot-pressed
beryllium block, 5-200F grade,
and cross-rolled sheet, SR-200
grade, are provided in Figures 8
and 9, respectively. Through the
use of the Larson-Miller para-
meter, the time and temperature
to produce 0.1%, 0.5% and 1.0%
plastic creep at any given stress
can be obtained. Creep properties
should be given serious con-
sideration it high operational
stresses are to be maintained at
temperatures above 1000°F
(538°C). Figure 10 shows
microcreep data.
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MNotched FProperties

Notch strengthening occurs in
beryllium at temperatures around
400°F (204.4°C) over a wide range
of stress concentration factors. In
fact, 5-200F, with a notched ratio
of 1.21 at 400°F (204.4°C), has a
notched tensile strength that is
greater than the unnotched
strength. Also at room temper-
ature, the notched strength ratio
of S-200F is approximately one
{1.0) and theretore does not ex-
hibit any notch sensitivity.

(See Figure 11).

Shear Strength

The shear st th characteristics
of beryllium in both hot-pressed
and sheet form are unusual (see
Figure 12). The relationship be-

tween shear strength and tensile
strength is greater than most
materials at low temperatures, but
at temperatures greater than
900°F (482°C), the ratio is lower
than expected. These tests are
conducted using tear-type
specimens.

The shear modulus for beryllium
is typically 19.6 = .07 msi for both
the longitudinal and trans-

verse directions. The average
shear rupture modulus for S-200F
is 44.8 + 1.2 ksi.

Compressive Yield Strength

The compressive yield strength
(0.2% offset) at room temperature
of beryllium is typically 10 per-
cent higher than the tensile yield
strength. At 400°F (204.4°C) the

compressive vield strength is
equal to the tensile yield
strength. This is a unique pro-
perty of beryllium and is demon-
strated by 5-200F where the room
temperature tensile yield strength
is 37 ksi and the compressive
yield is 41 ksi.

Fracture Toughness

A growing interest in beryllium
as a structural material has been
accompanied by an increasing in-
terest in the toughness of this
material.

When the more common vacuum
hot-pressed structural grades of
beryllium, 565 and 5-200F, are
tested, a Ky value of 9-12 ksi in'?
(10.63-12.3 MPa-in'?) at room
temperature can be expected.
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At elevated temperatures of 500°F
(255°C) the fracture toughness of
vacuum hot-pressed block is
15-20 ksi-in'? {16.5-22 MPa-m"2).
Beryllium sheet at room temper-
ature (RT) typically has a Kq
value of 25 ksi-in'?, Fracture
toughness testing has been
limited and metallurgical factors
which affect the toughness values
have not been clearly identified.
Fatigue

Beryllium has an unusually high
resistance to fatigue cracking and
a high endurance strength level.
Fatigue tests have shown that for
hot-pressed block, the endurance
limit is near the static yield
strength (see Figure 13). Based on

its ratio of fatigue strength to
density, beryllium appears truly
outstanding compared to both
aluminum and titanium. Figures
14 and 15 show that beryllium is
superior for both notched and
smooth specimens at all lifetimes.

Fatigue data on 5 200F is the
most complete available for a
structural beryllium grade. In
Krause rotating beam fatigue
tests, 5-200F shows essentially no
difference in the 107 cycle en-
durance limit in the longitudinal
and transverse directions. That
means components can be ex-
pected to undergo 1(¥ cycles from
-38 to +38 ksi (-261 to +261

MPa) without failure — quite

remarkable in view of a specifica-
tion vield stress of 38 ksi (261
MTI"a). This means designers can
use vield stress as the primary
design criterion and not worry
about redesigning at a later date
because of fatigue considerations.
Judging by comparisons to other
engineering materials, this is a
unique advantage for beryllium.

The fatigue ratio of S-200F
(ultimate tensile strength-to-
fatigue endurance limit) also in-
dicates an unusually high fatigue
life in structural design. This ratio
is 0.7 for S-200F beryllium, 0.5 for
steel, and only 0.35 for aluminum
and magnesium, the other “light
weight” structural metals.

Figure 13
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Properties of Mill Products

Bervllium Powder

The production of beryllium
powder begins at Brush Wellman
Inc. with the extraction of the
metal from the ore through a
series of chemical Operations.
Primary beryllium is produced as
“pebble” by the magnesium
reduction of anhydrous bervilium
fluoride. The pebbles are vacuum
remelted to remove reduction slag
and cast into ingots, In the cast
torm, the metal is very difficult to
machine and mechanical proper-
ties are poor. For these reasons,
virtually all beryllium enters ser-
vice as a powder metallurgy-
derived product. Powder is
prepared by chipping the ingots
and mechanically grinding the
chips to the appropriate particle
size distribution for consolidation
into essentially full density billets
by powder metallurgy tELhmquEb.
The bervllium powders commer-
cially available from Brush
Wellman Inc. are shown in Table
HI. For non-standard require-
ments contact Brush Wellman Inc.

The mechanical grinding system
used to manufacture beryllium
powder of a given particle size
distribution has been shown to
have an effect upon the character-
istics of the fully dense body
prepared with the powder. This
is most notable in the level of
minimum tensile elongation
which can be generated in any
direction at room temperature as
will be discussed later. This is
true because of the anisotropy of
the basic beryllium crystal with
room temperature slip capability
limited to a single direction
coupled with basal plane cleavage
as a major fracture mode. Most
grinding procedures for beryllium
result in a powder with a high
fraction of particles with a flat
plate configuration which tends to
orient in powder handling and
consolidation operations.

Impact grinding (also known as
jet milling) is a procedure for
gﬁl"idmg chips to powder involv-
ing the impact of bervilium chip
propelled by a high pressure gas

TABLE II-BERYLLIUM POWDERS
Grade

SP.E5 SP200F iP-70
Be Assay, min s 99.0 8.5 8E.0
Bal, max % 1.0 1.5 a7
A, maxppm 500 11 —
C 1000 1500 700
Fa BOg 1300 1000 "
Mg B00 800 700 ﬁttrltad
S ] B0 700
B 2
cd 2
Ca 100
Cr -|m
Co 10
Cu 150
Ph 20
L 3 Impact
- 120 Ground
Mo 0
Wi 200
N 300
Ag 10
Dhar Metallic
impurites as
rlﬂnrmllnadhbry
niormal spectro-
QI:EI‘"C methods, e Gas
BACH, MAT pOm m 400 =
Partical Size 95% minus 95% minus 5% minys Atomized

Jz5mesh 3285mesh 325 mesh

against a beryllium target. Powder
produced in this manner is more
equiaxed than ball milled or attri-
tioned powder and has less ten-
dency lowards crystallographic
orientation in handling and con-
solidation procedures. The con-
solidated bervllium manufactured
from this type of powder may ex-
hibit, among other characteristics,
high elongation so that a mini-
mum of more than 1% at room
temperature may be guaranteed.
SP-65, SP-200F and IP-70 powders
are impact ground.

SP-65 is the highest lJnuritj,r
beryllium powder offered by
Brush Wellman. It is used for
beryllium foil X-ray sources and
detector windows, two applica-
tions in which impurities may
adversely affect performance.
These powders, or variations of
these powders, are used to pro-
duce vacuum hot-pressed block
and as input for wrought
products.




They are also used for other powder metallurgy
processes, such as cold pressing, cold isopress-
ing followed by sintering, hot isopressing, slip
casting, plasma spraying, pressureless sintering,
powder extrusion, powder forging, powder roll-
ing and explosive compaction. There is also a
specifically formulated powder for block that
offers improved properties or better fabricability.

Brush Wellman has developed gas atomization
as a useful technology in producing spherical
beryllium powders. This method produces a
material that is totally isofropic and overcomes
the basic anisotropy of the beryllium crystal. In
the past, this condition has led to low minimum
tensile elongation and variability in the coeffi-
cient of thermal expansion of the consolidated
powder due to preferential alignment of the
powder particle.

Hot-Pressed Block

The most basic form of beryllium is vacuum
hot-pressed block. The hot pressing operation,
consisting of the application of heat and
pressure to bervllium powder contained in a
suitable die, results in a uniform, fully dense,
fine-grained beryllium which has been thor-
oughly out-gassed by the use of vacuum during
the operation.

T’hmugh variation in chemical mmpnsltmn par-
ticle size distribution, and temperature, it is
possible to produce a variety of beryllium

TABLE IV - GRADES OF VACUUM
HOT-PRESSED BERYLLIUM
S45C | S-000F 708 RE20C
Chemical Composition
Ba, in' o s 20 L]
Bad), rman % 10 15 ar 22
Al max ppm 600 1000 700 1000
C max pprs 1000 1600 TO0 1500
Fe, max ppe a0 1300 1000 1500
Mg, max ppm 600 800 700 800
Si, rax pom 600 L] OO aco
Oirai, séch max ppn am 400 400 00
"B} speciled o SIS in T netatoe
Tensile Propartios
Fiu, pai min 42000 | 47000 | 000 | 35000
{MPa min| [Eon] (24) {241} (aTe
Fiy, pai min 0000 | WWA00 | /000 | 40000
P i {zamy 241} {172} (278}
10, 2% ofaaly
Elongation, % min T by o8 -
Microyieid, psi rmn - 4000 | 1,800 5000
{MPa rnin) @ | 24 34
Typical | Tyoecal
‘Standard Sizes®
inches 12 D d2Da | Z2Da | 2Dw
B0l [(wBlg  |sa0lg |0k
[ BTE | (EBiutid) | E1TE) | (E1arE
|“Prisadingg (billvel] aicea ¢ ranDe from T (18cm| in T {iB8oer) and & [#5em) i B8 (168
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grades with differing characteristics for many
divergent applications. The standard grades of
vacuum hot-pressed beryllium produced by
Brush Wellman Inc. and the size ranges
available, are summarized in Table V.
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Structural Grades

The specification numbers which
identify the structural grades of
beryllium vacuum hot-pressed
block are 5-65C and S-200F.
5-65C is a premium material
which is guaranteed to exhibit a
minimum of 3% tensile elonga-
tion at room temperature in any
test direction. This strain capacity
is obtained through the use of
impact grinding during powder
manufacture and by holding the
micro-alloying elements, iron and
aluminum, to the proper ratios.
5-65C is utlized in the window
frames, umbilical doors and
navigational base of the Space
Shuttle.

5-65C is lower in oxide content at
1.0% maximum than other

The sensor support structurs. inset, is mowied on the
mast of the halcoptar and most combine 3 high degres
ol sifimegs with mumimem weight The 16 & 10 x 10 inch
(41 x 25 x 25 em) part weighs onfy 5 poonds (2.3 kgl
(Photos courtesy of Mclomel Douples Corp. (top) and
speedrmg fne. (bottanm)

grades. While it has a higher
guaranteed minimum room ten-
sile elongation, it is lower in
strength than our standard purity
structural grade, 5-200F

Grade 5-200F is most frequently
used for parts machined from
hot-pressed block. Typical data
for this material is given in ac-
companying charts. Figure 17
shows typical stress-strain curves
at various temperatures; Figure 18
indicates typical tensile properties
in both the transverse and
longitudinal directions, and Figure
19 shows Young's Modulus (E),
shear modulus (G) and elonga-
tion (el). S-200F is a versatile
material, and it has become a
successful entity in a wide variety

ot applications such as inertal
guidance systems, missile in-
terstages, optical substrates,
spacecraft structures and small
rocket nozzles.
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Commanmcattons Group/
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Nuclear Applications

For situations where weight or
volume are a consideration, or
a high neutron flux is desired,
beryllium is very useful both as
a moderator and reflector of
neutrons. There is considerable
interest in using beryllium as
the neutron mult-ipli'ur for solid
blanket fusion reactor desiens
because it enhances the breed-
ing process by providing addi-
tional neutrons. This increases
the overall reactor efficiency
and decreases the hazardous
waste production several fold.
In fact, beryllium is transparent
to most forms of radiation and

absorbs a smaller percentage
than conventional materials.
Beryllium maintains this
advantage at elevated tempera-
tures, thereby increasing its
usefulness in fusion energy
applications over the conven-
tional graphite materials.

Brush Wellman's S-65C grade is
the reference grade of beryl-
lium for the International
Thermonuclear Experimental
Reactor (ITER), a fusion energy
program, because it has superior
resistance to cracking under
high heat flux thermal cycling,
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Instrument Grades

1-220C and [-220H identify the
instrument grades of beryllium.
The newest of these materials is
-220H. It is a hot isostatically
pressed beryllium that has been
developed for applications where
a high micro-yield strength i.e.,
the stress n:qum:d to produce the
first micro-inch of permanent
strain (also known as the preci-
sion elastic limit or PEL), is
required.

Grade I-220H is manufactured
using impact ground powder con-
solidated by an isostatic process
(hot isostatic pressing or HIP),

thus vielding more isotropic
material than [-220C. A compari-
son of the typical room tem-
perature tensile data between
these grades is shown in Table V.

For beryllium made from vacuum
hot-pressed block, Grade 1-220C

Thir foloscape sopport, wsed an Spacecrafi for
explannyg deep spece o made of bendlivem fo
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ratia ang' its @ity fo be machined o cipse
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remains the standard instrument
specification. This material was
developed to provide the inertial
guidance industry with a low
weight, high micro-vield strength
material with excellent dimen-
sional stability.

Table V - Typical Room Temperature Tensile Data

Ultimate | 0.29 Ofsat

Tensile Yiald Micro-Yield

Strength Strength Strength

ksl (MPa) ksl (MPa) | ksi (MPa) | % Elongation
R220C E3.T (438) 490 (338) 7.2 (501 28
1220H | E2.0 (566 780 (538) 14 (96 25




Figure 20
ELEVATED TEMPERATURE TENSILE PROPERTIES OF |-220H
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Optical
Grades

The specification numbers which identify optical
grades of beryllium are I-70H, 1-220H and S-200F.
A hot isostatically pressed optical grade of 1-
70H was developed to provide an improve-
ment over the standard grade for bare polished
beryllium optics.

At 0.5% maximum Be(), it is the lowest oxide
beryllium which has ever been marketed. It is
manufactured by controlling impact ground
powder in an isostatic process (HIP), vielding a
more isotropic material than any previously

available optical grade of beryllium.




Grades 5-200FH and [-220H beryllium, with
guaranteed minimum micro-yield strengths,
are used where the optical surface is a hard
polished electroless nickel. Mirrors of this type
are used in the visible and infrared wave-
lengths of light or any system that may require
high resistance to plastic deformation due to
severe G-loads or other working stresses.

Grade 5-200F has been used successfully as an
optical substrate and support bench in many

astronomical telescopes, in fire control and
FLIR systems, and in earth resources and
weather satellites. In most applications, the
optical surface of 5-200F is a hard polished
coating of electroless nickel, 24 micrometers to
150 micrometers thick. Electroless nickel is
harder than bare beryllium and more easily
polished to a fine surface finish. See Table VI
for a comparison of beryllium to other optical
substrate candidates.
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Wrought Forms
Of Beryllium

Wrought forms of beryllium are
usually produced from vacuum
hot-pressed blocks by conven-
tional working techniques carried
out either in warm or hot work-
ing temperature ranges. Wrought
products exhibit improved
strength and tensile elongation
relative to the hot-pressed block
in the direction of metal u-'urking_.
but lower properties (particularly
tensile elongation) transverse to
the direction of working. This is
due to the crystallographic orien-
tation resulting from the working
operations. Multi-directional
working schedules are frequently
used to alleviate this effect.
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Beryllinm Foil

By convention, beryllium foil is
flat stock with a thickness of
(020 inch (0.508 mm) or less. The
foil is manufactured by rolling the
material at elevated temperature
in steel cans. As beryllium cannot
be successfully rolled at room
temperature, a cold-rolled surface
is not available.

Because of its low absorption of
radiation, beryllium foil is used in
windows that transmit different
wavelengths of radiation, both in

detector and source applications.
Due to the nature of these
applications, it is only available in
two high purity grades, PPF-6()
and IF-1. [F-1 is the highest pun-
ty material and 15 available as a
standard product in thicknesses

between (L0003 (0008 mm) and
0020 (0508 mm) inches, PF-60 is
available at gauges from 00003
(0008 mm) and 0125 (3.175 mm)
inches. The chemical composition
of these foils is shown in Table
VIIL

TABLE VIl - BERYLLIUM FOIL TABLE IX - FLAT ROLLED BERYLLIUM PRODUCTS
|
Grade By PE-80 TENSILE PROPERTIES AND SIZES AVAILABLE
Minimum Minimum
Thick 3 l!g:‘rnﬂ'lll St'ﬂl!dlh “H‘IL:'II.IN'I 1! Ical
Chemical Composition ckness [ 8 T8 -
/ Inches Na. Strangih 0.2% al Elan Avallable
Berylium Content, % Min 29.8 99.0 {men) ® | 1000 pai IMea) | 1600 pal (Pa) B | i tom0
Beryllium Oxide, % Max 0.0a o8
Aluminum, ppm maix 100 500
002 -
Boron 3 3 0,030
Cadmium 2 2 10533 SRA-300 0.0 50.0 10 M4=T2
Calcium 200 100 0.Tez) [482.6) (3447 (B = 183}
Carbon 300 T00 e
Chromium 25 100 e ’
0125 SA-200 700 50.0 19 24« B4
Cobal 9 10 {0763 - 482 ) (344.7) 81 % 213)
Copper 50 100 3.175)
Iran 300 TOO
e - i %122:5- 5A-200 T0.0 50,0 ] 2488
i 3 3 @178 (482 8| {3ee.7) (61 = 1i68)
Magnesium 60 500 5.350)
Manganese 30 120
Malybdanium 10 20 0.251 »
Micked 200 200 0.450 PR-200 850 45.0 4 24:% 50
3 {81 % 127
Nitrogen — 400 4:5-133:'; (8.2} R0 il
Sillgan 100 400
Sitver - ] 10
Titanium 10 —_ 0.451 -
Zinc 100 - G800 PR-200 800 40.0 3 24 %40
11.431- 4137 275.8) (61 = 102)
Available Gauge 00003 0,020 | 000030125 | | “ia%a0; o ' 1
(0.008mm — (0. 008mm —
0.508mm| 3.175mm)
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Bervllium Flate & Sheet

By convention, beryllium rolled
stock with a gauge between 0.020
(0.508 mm) and 0.250 (6.35 mm)
inches is known as sheet, while
thicker gauge material is referred
to as plate. The specification
numbers are SR-200 for sheet
and PR-200 for plate. The chem-
ical composition of both of these
products conforms to that pre-
viously listed for S-200F vacuum
hot-pressed block. The guaran-
teed room temperature tensile
properties in the plane of the
sheet or plate and the maximum
standard sizes available are
shown in Table IX. These rolled
products are manufactured by

warm rolling billets of vacuum
hot-pressed block encased in
steel. The crystallographic orienta-
tion and thus the properties of
the sheet are balanced by cross
rolling (i.e., rotation of the rolling
direction 90%) during the reduc-
tion schedule.

Tensile Properties

Typical tensile properties of
SR-200 sheet as a tunction of
temperature and typical stress-
strain curves are shown in Fig-
ures 23, 24 and 25. The shear
strength of cross-rolled sheets and
vacuum hot-pressed block as a
function of temperature is shown
in Figure 12.

A horyilim contral thrust
eylinder 15 used wside ihie
COMMUICENons satalie
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rigrdrty for the siructure,
and it does 50 &t & weighi
Factor that o far less than
any ather candisaie
miaievial, (Courtesy. Space
Systems LORAL)

The relationship of shear strength
to tensile strength is higher than
for most materials in the lower
part of the temperature range and
is lower than expected at temper-
atures exceeding 900°F (482°C).
The shear tests were conducted
using a tear-type specimen. Com-
pression stress-strain curves in-
dicate that the compressive yield
strength is at least equal to the
tensile strength based on a lim-
ited number of tests.

Figure 23 ey 24
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When a structural member is
designed to span a given distance
or cover a given area, weight sav-
ing is usually limited to reducing
the thickness of the component.
Resistance to deflection or buck-
ling is then the primary consider-
ation and rigidity, not strength, is
often the controlling design
parameter. Weight comparisons in
typical design cases are helpful in
evaluating the structural efficiency
of beryllium sheet for this type of
application.

Figure 26 illustrates a comparison
of weight per square foot of
compression panels as a function
of loading intensity. It is shown

that beryllium is superior to H-11
tool steel, beta TIT titanium,
HM21A-58 magnesium and 15-
7PH stainless steel. This superior-
ity is maintained from the lowest
intensities up to 50,000 pounds
per inch width (8.95 x 10° kg/m
width). Figure 27, which provides
information on relative weight for
various compression panels, aug-
ments Figure 26. An H-11 tool
panel, for instance, with a buck-
ling resistance equal to a beryl-
lium panel, will weigh five times
as much if the buckling load is
less than 4,000 pounds per inch of
width (7.16 x 10 kg/m width).

While Figure 27 deals with initial
buckling calculations, Figure 28
shows test data dealing with
buckling and collapse of flat
panels. Beryllium sheet exhibits
post-buckling behavior similar to
that of other metals.

Figure 25 Figure 25
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Near Net Shapes

Despite a combination of physi-
cal, mechanical and thermal pro-
perties that is unequalled by any
other material, beryllium'’s use
has been limited until recently by
its availability in primarily one
single form, vacuum hot- -pressed
block. This form involves high
costs in both producing the
material and in fabricating
machined components, ma king
beryllium a less cost effective
engineering material.

Brush Wellman has solved this
problem with the development of
production facilities to produce
near net shapes. The use of hot
isostatic pressing (HIP) and cold
isostatic pressing (CIP), along
with the conventional cold press-
ing technology, has brought
beryllium within reach of a wider
range of applications.

Grades
The specification numbers which
identify the grades that are
available by hot isostatic pressing
(HIP) are S-200FH, S-65H and
[-220H.

The S-200FH grade utilizes im-
pact ground powder that is con-
solidated in a sheet metal can
formed into the shape of the final
part. In production, the can is
degassed, sealed, and HIP'ed,
typically at 1000°C and 15,000 psi

Hot 1sostatic 'i. «.-\.Ll

1 1p.|.1

(103 MPa). This process conserves
material (powder) and reduces
the total finish machining time.

The S-200FH material is more
isotropic, has higher density
(99.8% of theoretical) and higher
mechanical properties than the
traditional vacuum hot-pressed
material, It is useful for structural
applications or those requiring
low weight, high mechanical
strength and a high fatigue en-
durance limit.

Grade [-220H is a high strength,
moderate ductility material useful
for structural, instrument and op-
tical applications and those re-
quiring high resistance to plastic
deformation at low stress levels. It
offers the best combination of
high tensile strength, ductility

| MINMAUM SPECIFIED PROPEATIES FOR BRUSH WELLMAN
| HOT ISOSTATIC PRESSED GRADES
| Minimum | Misimuen

Ultimaste | 0.5 Offeed | Minimum |
Tenslhe ‘Field MEcro-Yield | Minimam |
Strangth Sarengin Strangth | Elongaton
LU ] s WP ks [MEPR)
&-200FH| B0.0 (414) | 43.0 (296) |mot specthed| 30 |
BrE5H 50 (245) 2T 2507 | 20 |
et
[-220H | 65 (448} | 5000 (345) | B0 (41) 2.0
prade 1
[220H | 65 (448) | 500 (345 | 10 6% a0
grade 2

*1.0% elongation should be used when a major
dimension Is greater than 23 in, (508 mm)

]l\.:l

Brush Wedman uses both coll snd hot imostatic
WESSNG mweifoas fo produce compier matalic
berylliem components Io near nei shape

and micro-vield strength of any
grade of beryllium. [ts micro-
yield strength (amount of stress
required to produce one micro
inch of permanent strain) is bypi-

cally 14 ksi.

S-65H has a lower impurity con-
tent which is more compatible
with nuclear energy applications.
It is recommended for applica-
tions which need high ductility at
elevated temperatures.

Cold lsostatic Pressed Grades
Specification number S-200FC
identifies the only grade currently
available by cold isostatic pressing
(CIP).

This grade utilizes impact ground
powders that are consolidated in
a flexible rubber bag that approx-
imates the final shape of the part.
The powder is loaded into the
bag and is degassed, sealed and
ClIP’ed at typically 60,000 PSI
(414 MPa) at room temperature.
The part is then sintered to final
density, 99+%, and, if required,
may be hot formed to final
shape. Typical properties of
S200FC bervllium are 46 ksi

(319 MPa) UTS, 33 ksi (231 MPa),
yield strength, and 3%
elongation.

This process is useful for applica-
tions requiring lesser properties
than those obtained by HIP. The
tooling is reusable, making it ad-
vantageous for parts required in
the hundreds. Typical applica-
tions for these grades are optics
for fire control systems in tanks
and aircraft, as well as instrument
applications such as inertial mea-
surement units,
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Extrusions

Exbrusion is a conventional
approach to the creation of thick-
walled beryllium tubes and
shapes. For spedific applications,
extrusion provides consistent
mechanical properties, dimen-
sions and tolerances.

Sections are made to dimensions
that are well within commercial

& Brush Welman Compay

tolerances, and mechanical prop-
erties are superior to those of
hot-pressed block in the direction
of metal flow. Directional proper-
ties are produced in varying
degrees as a function of crystallo-
graphic orientation.

The input billets for extrusions
are usually machined from hot-

Brazod panal fur the Nations! desaspace Plane
incines v wall fwbes (36 OO 050" walll
monting pads, stiffemng il ard sk, afl mads
of beryiiom. (Courtesy Flectrofiusion Comaration

pressed block. The billets are
jacketed in mild steel cans with
shaped nose plugs and are ex-
truded through a steel die in
temperature ranges between
1650°F (899°C) and 1950°F
(1066°C). The jackets are later

removed by chemical means.

TABLE XI - TYPICAL EXTRUDED BERYLLIUM TENSILE PROPERTIES

MATERIAL LONGITUDIMAL CIRCUMFERENTIAL RADIAL
FORM | TYPE DIAMETER Fu Fiy o Ftu e Fiu Fty e
in. {cm) ksl (MPa) | ksi (MPaj) (%) ksi (MPa) | ksi (MPa) (%) ksl (MPa) | ksl (MPa) (%)
Rod'™ 5-200 1-2% (254-6135) 108 (745) | 50(345) 10 66 (455) | 57 (303) 0.6 63 (434) | 54 (372) 0.5
% - ' (0.85-1.27) 111 (765} | 60(414) 10
o.D. LD
Tubing'™ | &-200 B5({1651) 2.7 (9.40) | 85(655) | 51 (352) 13 62(427) | 50(345) 1.0 BO(414) | 4T [324) Q.7
5.200 46(1188) 3.2(813) |104(717) | 4B (331) 11 57(393) | 47 (324) 0.7
S-200 2.5 (6.35) 1.3 (3.30) 111 (765) | 55(379) ]
£.200 1.2 ({3.05) 0.8{203) |[116(800) | 83 (434) g
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Rod, tubing and structural sec-
tions are the most common ex-
truded shapes. Rod is available in
sizes from 0.375" to (0,953 cm) to
575" (14605 cm) diameter; tubing
from 0.25" (635 mm) OD by
0020" (0015 mm) wall thickness
to 40" (101.6 mm) OD by 0.250"
{635 mm) wall thickness.
Current applications of extruded
shapes include boom arms for
solar array panels, satellite truss
supports, draw stock for wire,
fuel element cladding and input
for coextrusions with dissimilar
metals, to name a few.
Mechanical properties and
chemistry are tailored to the
specific application. Bervllium
extrusions have been typically
made from the standard struc-
tural grade, S-200. Typical
ultimate tensile strength, yield
strength and elongation values
are given in Table XI.

Brush Wellman Inc. has a 3000
ton (2,720 tonne) extrusion press
at its Elmore, Ohio, facility. That
capability, plus those of the in-
dependeht extruders, gives the
des ineer a wide range of
m which to choose in

sul»mg hrs weight and stiffmess
problems.

Electronic
Grades

Cross-rolled SR-200 beryllium
sheet is utilized as a combination
heat sink and structural support

in military electronic and avionic
systems.

Constraining cores made from
this material are attached to sur-
face mounted (SMT) printed cir-
cuit boards to alleviate the
mechanical stress on the solder
joints of leadless and leaded
ceramic chip carriers (LCCCs).
The high thermal conductivity of
beryllium is needed to dissipate
the heat generated by the combi-
nation of large scale integration
and high switching speeds.

The application also requires a
coefficient of thermal expansion
(CTE) that is a good match to the
alumina and polyimide glass sub-
strates used in the system.

The major appeal of beryllium,
however, is its low density. Since
about seven pounds of payload
or fuel can be added for every
pound saved in the electronics
systems of space and airborne ve-
hicle, this is a matter of prime
importance. Compared to other
core plate materials, beryllium
weighs about one-fifth as much
as copper clad molybdenum and
one-fourth as much as copper
clad invar.

Figure 29

Beryfum core pletes protect
densely packaped SMT cieut
bosels from the affects of
mechamcal stress and heal,

In addition to its light weight and
desirable thermal properties,
beryllium possesses high specific
stiffness, high modulus of elasti-
city, and minimal interaction with
magnetic fields.
Dimensional stability is an impor-
tant attribute in constraining core
plates because any tendency of
the material to vibrate, flex or
bend would be just as traumatic
to the PCB as expansion/contrac-
tion. In terms of specific modu-
lus, beryllium far outperforms the
other candidates.
Beryllium not only dissipates
heat, but readily absorbs it when
necessary. The specific heat of
beryllium is four times that of
Cu/lnvar/Cu and six times
that of Cu/Mo/Cu.

THERMAL CONDUCTIVITY

OF ELECTRONIC MATERIALS
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Fabrication Processes

Forming Procedures

Beryllium sheet, plate and strip
can be formed in the temperature
range of 200 to 1100°F (204 to
593°C) although the optimum
forming temperature is above
1300°F (704°C).

Sheet and plate have been
shaped, bent, spun, deep drawn,
joggled, shear formed, stamped
and cupped using both reduction
and bending techniques. SR-200
sheet has been characterized by
forming it into ninety degree
angles. The results for these tests
are summarized in Figures 30 and
31. As indicated by these curves,
the forming of beryllium is strain-
rate sensitive and therefore
should be kept as slow as prac-
tical. Our production shop experi-
ence indicates that good 5t bends
can be formed consistently
around 1350°F (732°C).

In addition to angles, SR-200
sheet has been formed by sl-ra:ght
bends into channels, zee sections
and tee sections. Depending on
the task to be performed, a sped-
fic tool material is to be used,
such as tool steel, stainless steel
or Glassrock.

MINIMUM BEND RADN
FOR CROSS-AOLLED SHEET

Shop forming practices should in-
clude etching the sheet prior to
forming, heating the dies to the
temperature of the metal and for
best results, forming slowly.

Due to beryllium’s abrasive
nature, it is generally desirable to
use thin foil of stainless steel or
mild steel between the die and
the beryllium in applications
where the beryllium is dragged
against the die. This practice ex-
tends the die life. Normal practice
during forming is to hold the
beryllium sheet at temperature for
up to twenty minutes. Any oxide
film which forms on the hot-
formed or stress - relieved part
may be removed by liquid honing
or p-chshmg with a fine abrasive.
Incomplete removal of the film
will result in a masking effect
and cause uneven etching,

Channel ring segments have been
formed using SR-200 sheet in
thicknesses of 0.020" (0.51 mm)
and (L120" (305 mm). This
demonstrates that the forming of
curved channel segments on a
production basis is feasible using
torming temperature of 1350°F
(732°C) and a punch travel speed

of less than one inch per minute,
The spinning of beryllium is
possible and should be done at
temperatures between 1300°F
(74°C) to 1400°F (760°C). Pro-
ane torches may be used as a
source of heat. Steel mandrels are
used with as many as six stages
being necessary to produce a full
hemisphere. Glass lubrication has
been tound to work successfully.
Using this technique, it has been
possible to produce hemispheres
up to 31" (79 cm) in diameter,
0.2" (051 cm) thick. It has also
been paossible to spin cones, flat
bottom cups and flanged as well
as beeded configurations.
Machining Beryllium
Generally, beryllium is easily
machined to intricate forms, main-
taining excellent surface finishes
and close tolerances. Machining
practices for beryllium parallel
those for cast iron. Generally, tool
design for cast iron will be ap-
plicable, Beryllium has a
machinability factor of 55% using
1113 steel as 100%. It is com-
paratively soft material (Rb 80-90)
but abrasive, producing a discon-
tinuous chip. Generally, a Grade
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2 general purpose carbide, for
cast iron and non-ferrous materi-
als, is selected as the cutting tool
material. Selective specific grades
in this class, such as Valenite
VC-2 or equivalent, will give ex-
cellent results,

Care should be taken to secure
clean, uncontaminated beryllium
chips when removing substantial
quantities of metal for economic
reasons because of the high value
of such clean chips. Contamina-
tion of chips results in the
necessity of expensive reclamation
procedures before such metal can
be reintroduced into the manufac-
turing, stream. For this reason,
beryllium is machined dry
whenever practical. Beryllium
should not be machined until it

is certain that the required limits
on airborne beryllium will be
observed. For detailed information
on these requirements, consult
Brush Wellman Inc.
Beryllium is quite susceptible to
surface damage as a result of
machining operations. This
damage may be seen by careful
sectioning of machined material
and observation of the disturbed
surface layer, twins, and perhaps
actually crac king in severe cases.
The d.am:ap;ed layer may be of
varying depth dependent upon
L‘wrlt} of machining operation,
condition of tooling cutting edges,
etc. Generally with good practice
it does not exceed 0002" (0015
mm) in depth, but may reach
0.008 - 0.010" (0.203 - 0.254 mm)
in severe cases,
The result of such damage, if not
removed, is a dramatic decrease
in the fracture strength and
elongation characteristics of the
metal. Yield strength may not be
affected. Machine damage is con-
trolled by adherence to accepted
mac h]]'iil'l.:r_| practice followed by
etching to remove 0.002 - 0.004"
(0.051 - 0.102 mm) per side or by
heat treatments designed to an-
neal out the disturbed layer and
twins.

2

The exceflent defar
and sroai fivshes
that can be achiever
by machining beryilium
iz aptly demonsirated
by these parts for
miszile and spacecralf
systems. [Cowrtesy
Speedring lnc.)

In summary, beryllium can be
readily and successfully machined
into intricate and very precise
tolerance components using stan-
dard metal cutting and finishing
techniques with slight
adaptations.

Drilling of Wrought Products

The key to successful drilling of
wrought products involves control
of feed rate, and selection of drill
points which minimize tool
pressure,

Improper control of any factor in
this process can result in laminar
breakout or delamination within
the product. To prevent the oc-
currence of such a problem,
Brush recommends the use of
::urnpuh‘r:‘.fed “Tornetic Drilling
Unit” produced by Dyna
Systems, Inc., of Torrence, Califor-
mia. This drill utilizes an
automatic torque-sensing device
which varies the speed and feed
in order to maintain the cutting
force within the safe limits for
both the dnll and bervllium. A
straight two-tluted modified
master drill is recommended and
commercially available, This
device was successtully utilized in
the production of the Minuteman
Spacers.
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Sheet Cutting

Straight cuts are made in sheet
by an abrasive sawing technique.
This operation is performed wet
using a resin-bonded, semi-friable
aluminum oxide wheel rotating to
give a surface speed of 7000 to
9000 fpm (356 to 457 meters per
second). Brush recommends
using a wheel with an abrasive
grain size of 80 grit and a
relatively soft “L" bond grade.

Chemical Milling

Chemical milling techniques have
been successfully used in the
fabrication of parts made from
beryllium block, sheet extrusions
and forgings. Metal removal may
be over the entire surface or it
may be restricted to selected areas
by masking.

T'he important steps in the
chemical milling operations are
clean, mask, scribe and strip
mask before milling, mill, and
mask removal after milling,
Material removal rates vary from
Q001" (0025 mm) to 0.002"

(0051 mm) per minute.
Tolerances on the final part are
very cose to those of the original
and can be held to + 0.005"

(£ 0.127 mm) for a material
removal of approximately (0.100"

(2.54 mm). Tolerances can be ex-
pected to vary in complex con-
tigurations. Surface finishes are
generally rougher after chemical
milling and depend to a great ex-
tent on starting material surface
quality.

Electrochemical Machining
Successful trepanning, contouring
and drilling of complex beryllium
parts have been carried out using
electrochemical machining, This
process is attractive due to the
fact that it produces a relatively
small degree of surface damage.
For beryllium, NaCl and NaNO,
are two electrolytes which have
been reported to work success-
fully.

Electric Discharge Machining
EDM is very effective on beryl-
lium and is used to machine in-
tricate and irregular forms at
good production rates. The pro-
cess is generally carried out using
brass or graphite cathode tools,
which enhance metal removal
rates, and a dielectric oil that acts
as a coolant. This method is very
practical for the machining of
complex shapes of beryllium.
Beryllium can also successfully be
cut to precise tolerance by using
a wire EDM machine.

Joining

Adhesive Bonding

Adhesive bonding is a very
desirable way to join beryllium to
itself and to other metals. The
method of joining permits the
utilization of the desirable
mechanical and physical proper-
ties of the metal, while minimiz-
ing notch sensitivity, Depending
on the application of the part to
be joined, specific adhesives
ranging from low temperature to
high temperature are available.
Of all the steps involved in pro-
ducing a good bonded joint, sur-
face preparation is by far the
most important. Once the adher-
ents have been acid cleaned and
neutralized, the adhesive is ap-
plied. The joint is then exposed
to heat and pressure, character-
istic for each specific adhesive, for
about one hour. If for any reason
the parts must be taken apart,
the adhesive must be removed
and the procedure repeated with
a clean surface.

Rockwell International used
adhesive bonding on the naviga-
tion base of the Shuttle Orbiter,
an operation which required
bonding 36 detail parts in six dif-
ferent stages using five different
adhesives. The navigation base is
approximately 44" (112 ¢m) long,
22" (56 cm) wide and 7" (1B cm)
high. The base is required for
mounting inertial measurement
units and two star trackers as
sensors for navigation of the
Shuttle Orbiter in earth orbit.

Brazing

Brazing is another means of join-
ing beryllium to itself and other
metals. There are several brazing
techniques in use, the choice
depending on the specific appli-
cation of the beryllium part itself.
Typically a silver base, zinc base
or aluminum base alloy is used
providing the designer with
varied strength and thermal capa-



SHEAR STRENGTH — K5I

bilities. The shear strength of
joints prepared with several braze
alloys are shown in Table XIII.
Brazing is considered to be the
most reliable method of metal-
lurgically joining beryllium.

The technique of furnace brazing
has been used successfully with
beryllium using a silver with
0.50% lithium content braze alloy.
This technique involves pre-
placing the braze alloy between
two halves of the assembly. The
joint is then subjected to a static
load and high tt_mperature The
brazing is done in a vacuum to
prevent oxidation of the beryllium
at the elevated temperature.

Dip brazing was used in the pro-
duction of the beryllium spacer
for the USAF Minuteman [CBM
Missile. Brush Wellman fabricated
over 2,000 spacers each containing
four zinc-brazed joints. Each joint

This farm assembly for @ commercisl communcativg sstalite i 8 brazed assembly of machined beryium
sections, ft was comerted from abwivum & S0% savings @ weipht (Courtesy, Electrofuson Corporation, &
Brush Welman Campany!

was proof tested with a force of
8,000 Ibs. (35,586 N). The shear
strength as a function of zinc
braze thickness is illustrated in
Figure 32. Figure 33 illustrates the

etfect of test temperature on braze
strength. This method of brazing
beryllium offers many advantages
because zinc has no undesirable
reactions with beryllium.

TABLE XIl - STRENGTH OF ADHESIVE BONDED BERYLLIUM JOINTS

ZIMNG BRAZE THICKENESS = N, 5 100

Adhesive System Avarage Strength Type/Tast
EA-S309-BR127 Primar 4700 psi (32 4 MPa) Lap Shear
HT-424-BR127 Primer 2500 psi (17 2MPa) Lap Shear
FM-123-BR12T Primer 35300 psl (24.1 MPa) Lap Shear
FM-123-BR127 Primer 55 |b.fin. (285 kg/m) Honeycomb Pesl
EA-834-BR 127 Primer 75 ShoreD Hardnass
Epony Np. 206-Grade A 3500 psi (24.1 MPa) Lap Shear
BR127 Primer 40  IbJn. (T16kg'm) 20 Pasl
Figure 32 Figure 33
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It has been shown that braze
welding is a feasible method for
joining beryllium to beryllium
using either the MIG or TIG
method with an AISI filler rod.
For this process, however, a great
deal of operator skill is required
to produce a durable weld.

Methods

Fusion welding is not recom-
mended for beryllium because of
the cast grain structure developed
in the fusion zone, Electron beam
welding is successfully carried
out, particularly in instrumenta-

Other Joining

Coatings

An extensive amount of work has
been carried out to develop
coatings and protective systems
for beryllium operating in hostile
environments. Coatings are also
used to develop surfaces on
beryllium which have character-
istics other than that of beryllium
itself. A few of these coatings are
described below.

Passivation

A beryllium surface exposed to
chromate solutions will become
passive and relatively stable.
Adherence of strain gauges to

A sxcadent examplr of & Sack samodzed’ Doyl
part 5 this gt aoteal bench Berylium condribuies
four pssental prpertes for the anoication hiph
ﬂmnym figh SOiffeess, ow weghl and decreased
amissivly This aphical system will be used o sseess
the feasiviry of wsing opics sensors fo detect amd
frack fng-range ez mesies Cowrfesy Mughes
Aeraft Lol

TABLE Xlil - STRENGTH OF BERYLLIUM BRAZED JOINTS

Braze Alloy Composition

Sivar—Lithium (0.2%)
Silver—Coppar (28%)

Easy—F10(50Ag, 15.5 Cu,
16.52n, 18Cd)

Zinc

Aluminum-Silicon {129%)

Average Shear Strength, ksi (MPa)
30.0 {206 8)
35.0 (241.3)
44 .0 [303.4)
12.0 ( Ba.T)
15.0 (103 .4)

tion assemblies, where severe
structural requi_rement& are not
present.

Diffusion bonding can be carried

such a surface or deposition and
adherence of electroplated metal
is extremely difficult. Berylcoat D
is marketed by Brush Wellman
Inc., as one treatment of this
tj.'pe which will aid in the pre-
vention of "on the shelt” corro-
sion problems with the precise
instrumentation. No measurable
change in dimension nor appear-
ance results with the use of this
treatment.

Anodizing

Chromic acid or “black” anodiz-
ing of beryllium is emploved ex-
tensively to provide corrosion

out with beryllium and has been
used for assemblies. Such tech-

niques are usually held proprie-

tary by the fabricator.

protection to beryllium surfaces,
to increase emissivity and to
depress light reflectivity in optical
systems. As deposited the anod-
ized coating is electrically conduc-
tive but after proper curing is
non-conductive., Excellent resis-
tance to salt spray and high
temperature oxidation has been
reported for anodized beryllium.
The surface finish of an anodized
beryllium part is the same as that
of the part prior to anodizing. In
other words, it can be either
highly reflective or matte in
nature,




Chromate Conversion Coating

Enhanced resistance to salt spray
and high temperature oxidation is
provided to beryllium by chro-
mate conversion coatings devel-
oped for aluminum (e.g., Iridite
Allodyne).. These coatings are for-
mulated and applied following
the instructions for use on
aluminum.

Corrosion
Resistance

Beryllium, much like aluminum,
develops an adherent, protective
oxide coating in air. Due to this
coating, corrosion and oxidation
in air is minimal up to tempera-
tures of about 14007 (760°C).
However, in other environments,
the protec- tion is not adequate
and care must be exercised to
avoid corrosion.

Beryllium that is clean and free of
surface contamination has good
corrosion resistance in low
temperature, high purity water.
However, beryllium is highly
susceptible to localized pitting
when in contact with the chloride

Health and
Safety

Handling beryllium metal in solid
form poses no special health risk.
Like many industrial materials,
beryllium-containing materials
may pose a health nisk if recom-
mended safe handling practices
are not followed, Inhalation of air-
borne beryllium may cause a seri-

Plating

A number of metals may be and
have been electroplated on beryl-
lium as reported in the literature.
Such systems are generally not in
extensive use today.

Electroless nickel plating, how-
ever, is extensively applied to
beryllium, esﬁemally in the optics
field where the nickel plate is
utilized in developing the optical
figure and final polish of beryl-
lium mirrors,

and sulfate ions contained in or-
dinary water. Therefore, exposure
to tap water should be kept at a
minimum and always followed
by a rinse with dionized water,
followed by drying, to insure
against damage. Sea water is very
corrosive to beryllium.

The handling of beryllium parts
with a finished surface should
also be done with care. A finger-
print left on the surface will
disrupt the effectiveness of the
final etch or coating. When cor-
rosive conditions are anticipated
in service, the use of a protective
coating is advised.

ous lung disorder in susceptible
individuals.

The Occupational Safety and
Health Administration (OSHA)
has set mandatory limits on occu-
pational respiratory exposures.
Read and follow the guidance in
the Material Safety Data Sheet

An interesting corrosion protec-
tion system operating when both
sea water corrosion and high
temperature oxidation are poten-
tial problems was developed by
Brush Wellman Inc. for use on
the brakes of the F-14 fighter air
craft of the U.S. Navy. This sys-
tem involves high temperature
paint as a primary protection
backed up by manganese metal
as a sacrificial anode. Manganese
is the only metal more active in
the electromotive series than
beryllium which has a melting
point sufficiently high for this
application.

(MSDS) before working with this
material.

For additional information on
safe handling practices or techni-
cal data on beryllium metal,
contact Brush Wellman Inc.,
Bervllium Products Division, at
1-800-562-41185.



Availability

Brush Wellman Inc. owns and
operates a commercial mine and
extraction mill for beryllium in
the state of Utah. The beryllium is
obtained from a deposit of the
mineral bertrandite in the Spor
Mountain region. The extraction
facility is at the nearby town of
Delta. This ore deposit has pro-
ven reserves that will assure the
continued availability of beryllium
well into the 21st century.
Beryllium ore is consumed
primarily in beryllium copper
alloys, beryllium oxide ceramics
and as metallic beryllium. At the

tracted from imported beryl ore
as well as from bertrandite. Inn
order to further increase the

availability of beryllium and to ex-

tenid the domestic ore reserves,
the corporation conducts pro-
grams of evaluating other mine-
rals, both domestic and imported,
as potential ores for beryllium
production.

Process changes have been in-
stalled at Delta which will allow
the economic processing of beryl
ores of significantly lower grades
than had been possible pre-

viously, again extending the

Delta facilities, beryllium is ex- availability of beryllium.
PRODUCT AVAILABILITY
These Beryllium Produced By To These Brush Wellman
Preducts These Processes bl Material Specifications
Standard Vacuum Casting Ingoit
Al Livp B-26-0
Products Chips
Attritioning, BP-200-F
Impact Grinding Powdar SPuGG
and Blending I B-T0
Vacuum S5-200F
Hot Prassing Block, Biliat 8-88C, |-7OB,1-220C
and Machining Risd, Bar, Tube
Rolling Foil-Discs and Rect PF-80, IF-1
Snheet SR-200
Piate PR-200
Hon-Stardard Ro, Wire
Mill Products Exiruding Bar 5-200F, 5-65C
Tuba, Shapes
SR-200, PF-80
Hat Faeming Mear Net Shapes 5-200F
5855, 220G
Cold Pressing Maar Met Shapes S200F
S-E558-1-220C
Forging Shapes 5-200F
S-85C, 1-220C
Hot Maar Met Shapes S-200FH, +220H
Isostaic Prassing 5-65H, 1-70H
Coid Maar Net Shepes §-200FC, #2200
Isastaie Prassing 5-65

S

Technical
Services

Brush Wellman maintains a
highly skilled staff of materials
scientists and manufacturing
engineers at our various facilities
to work with interested customers
in the application of beryllium to
specific needs. A call to your local
Brush Wellman Sales Engineering
Office can focus this capability
on your design problem.

Beryllium and Specialty Materials
Cleveland, Ohio
Elmore, Ohio
Reading, Pennsylvania
Delta, Utah

Detroit, Michigan
Fremont, California
Los Angles, California
Fairfield, New Jersey
Elmhurst, [linois
Tucson, Arizona
Theale, England
Stuttgart, Germany
Tokyo, Japan
Singapore

A samohng of vacuum

pressed, ot isosiatically pressen
caid mastatically prassed and
sinleved parts
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Brush Wellman Inc.

Corporate Offices:
17876 St. Clair Avenue
Cleveland, Ohio 44110

Telephone: (216) 486-4200
www.brushwellman.com

Beryllium Metals Plant:
14710 West Portage River South Road
Elmore, Ohio 43416
Telephone: (419) 862-2745
Customer Service:
(419) 862-4127 or
(419) 862-4171
Fax: (419) 862-4174
E-mail: beproducts @ brushwellman.com

Electrofusion Products:
44036 South Grimmer Boulevard
Fremont, California, 94538-6346

Telephone: (510) 623-1500
Fax: (510) 623-7600
www.brushwell. thomasregister.com



