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ABSTRACT

Lightweight and high modulus aluminum-beryllium Metal Matrix Composites offer significant performance advantages over
traditional aluminum and organic composite materials. Aluminum-beryllium metal matrix composites can also be fabricated
using the same techniques and fabrication tooling currently used for aluminum alloys. Characterization of one aluminum-
beryllium material, AIBeMet® AM162, has been conducted on several lots of material. The test material was consolidated by
extrusion of gas atomized powder containing 62 weight % beryllium and 38 weight % aluminum. Mechanical and thermal
properties, including fatigue, fracture toughness, thermal conductivity, and coefficient of thermal expansion were analyzed for
the alloy extrusions. The results were tabulated, summarized, and compared to historical information on the alloy system.
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INTRODUCTION

Aluminum-beryllium metal matrix composites combine the high modulus and low density characteristics of beryllium with the
fabrication and mechanical property behavior of aluminum. As aerospace systems become more weight sensitive, complex,
and cost sensitive, these metal matrix composites provide benefits in many applications. When compared to metal matrix
and organic composites, aluminum beryllium metal matrix composites are simpler to use and easier to fabricate. Tooling
designed for aluminum usage can be used with aluminum-beryllium. The commercial possibilities of aluminum-beryllium
metal matrix composites have been recognized for 75 years [1], and one alloy was developed by Lockheed under the trade
name "Lockalloy" [2]. Extensive research was conducted into the properties and in-flight behavior of this alloy [3], and these
efforts resulted in the successful use of the material in the YF-12 and Minuteman systems [4,5]. Production difficulties limited
the metal matrix composite to specialized applications, and by the late 1970's aluminum-beryllium metal matrix composites
were no longer commercially available.

Interest remained in aluminum-beryllium metal matrix composites because of their excellent specific stiffness and processing
characteristics. The metal matrix composites are weldable, and can be formed, machined, and brazed like conventional
aluminum metal matrix composites. Aluminum-beryllium metal matrix composites do not display sensitivity to machining
damage and do not require etching after machining like beryllium. Based on the continuing trend of aerospace structures
toward lightweight and stiff materials, renewed interest was placed in aluminum-beryllium metal matrix composites. Research
began on improved processing techniques and process controls for metal matrix composite production and improved
mechanical properties [6]. Research culminated in the 1990 market reintroduction of the metal matrix composite by Materion
Beryllium & Composites in commercial computer applications. Preliminary mechanical and thermal property characterization
work confirmed prior data, and further work to improve the statistical reliability of the data was then conducted on the metal
matrix composite system [7].

MATERIAL AND SPECIME N PREPARATION

This characterization program was conducted on extruded bar fabricated from aluminum-beryllium powder (grade AlBeMet®
AM162) with a nominal composition of 62 weight% beryllium and 38 weight% aluminum. Multiple extrusions taken from
inventory were used as input material. Information from other extrusion lots used to expand the data base were processed in
a similar manner to the program material.

The aluminum-beryllium powder used during this investigation was made by inert gas atomization. Elemental beryllium
(grade B-26-D) and aluminum (grade 1100) were used to make the metal matrix composite melt prior to atomization. While
atomization and powder collection were done in an inert environment, subsequent processing was done in air. The powder
was consolidated by extrusion following the procedure outlined in Figure 1. Extruded bar was fabricated by cold isostatic
pressing (CIP) the aluminum-beryllium powder into a semi-dense billet and then loading the billet into a can. The can
assembly was then heated and extruded to shape with a minimum extrusion ratio of 4:1. The extruded material was then
subjected to an annealing heat treatment for 24 hours at 1100°F (593°C) prior to testing and analysis. While AM162 is not
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age-hardenable, annealing the material improves ductility while decreasing strength [7]. Further thermal treatments have no
effect, so long as the temperature is below the annealing temperature of 1100°F (593°C).

FIGURE 1. PROCESS DIAGRAM FOR EXTRUDED A M162.

Atomization H» Blending > CIP > Canning

v

Testing <4 Heat Treat |[«q Decanning [« Extrusion

AlBeMet® AM162, Materion Brush Inc.'s trademark for aluminum-beryllium, like many industrial materials, poses a health
risk only if mishandled. In its usual form, as well as for finished parts, and in most manufacturing operations, it is completely
safe. However, breathing very fine particles may cause a serious lung condition in a small percentage of individuals. Risk
can be minimized with simple, proven, and readily available engineering controls such as ventilation of operations
producing fine dust. Information on safe handling procedures is available from Materion Brush Inc.

TEST METHODS

Characterization was performed in most cases in the longitudinal and long-transverse orientations as defined by ASTM-
E616. Generally, there was insufficient material to obtain short-transverse specimens. The majority of information was
developed during the characterization program, however, additional test results done outside the program were included to
increase the database. All information is presented as typical average values from multiple samples and lots. The relevant
test methods and conditions are presented in Table 1.

Two different techniques were used to measure the room temperature electrical properties. Volume resistivity was
measured using a Wheatstone bridge per ASTM-B193 which was then converted to a percent of the International Annealed
Copper Standard (%IACS) conductivity. The second measurement technique used a Magnaflux Conductivity Type FM-120
Meter to induce an eddy current in the material for direct %IACS conductivity read out..

Thermal conductivity was measured by Holometrix, Inc. using an axial rod measurement technique [8]. Steady state
thermal conductivity was measured at -254°F to 600°F (-159°C to 320°C) in the longitudinal direction and -186°F to 392°F
(-121°C to 200°C) in the long-transverse extrusion direction. In addition, the thermal diffusivity of a single extrusion was
measured in the longitudinal and short-transverse directions, using a laser flash technique. This method utilized a 1.06-
micron wavelength laser pulse to heat one side of a disk and measures the transient temperature-time response on the
back side of the disk to calculate thermal diffusion and conductivity. The coefficient of thermal expansion (CTE) was also
measured by Holometrix, Inc. using a vitreous silica dilatometer per ASTM E-228. Test specimens were obtained in the
longitudinal and long-transverse directions and CTE was measured from -185°F to 600°F (-120°C to 320°C).

Thermal condativity was measured by Holometrix, Inc. using an axial rod measurement technique [8]. Steady state thermr
conductivity was measured é254°F to 600°F-159°C to 320°C) in the longitudinal direction arti86°F to 392°F-(121°C to 200°C)

in the longtransverse extrusion direction. In addition, the thermal diffusivity of a single extrusion was measured in the longitudin
and shorttransverse directions, using a laser flash technique. This method utilized-miti@® wavelength laser pulse to heat one
side of a disk and measures the transient temperatiimge response on the back side of the disk to calculate thermal diffusion and
conductivity. The coefficient of thermal expansion (CTE) was also measured by Holometrix, Inc. using a vitreous sificzedifzto
ASTM E228. Test specimens were obtained in the longitudinal andti@mgverse directions and CTE was measured frA86°F to
600°F ¢120°C to 320°C).
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TABLE 1. THE TEST MET HODS AND CONDITIONS  USED FOR EXTRUDED AM 162 CHARACTERIZATION

Test Method

Test Conditions

Smooth Tensile Test per ASTM E-8 and E-21

-320°F to 932°F (-195°C to 500°C)

Notched Tensile per ASTM-E602 Guidelines

-320°F to 392°F (-195°C to 200°C)

Pin Type Bearing Strength per ASTM-E238

RT

Plane Strain Fracture Toughness per ASTM-E399

RT

Axial Fatigue Strength per ASTM-E466

RT

Linear Thermal Expansion per ASTM-E228

-185°F to 600°F (-120°C to 320°C)

Thermal Conductivity

-254°F to 608°F (-120°C to 320°C)

Electrical Resistivity per ASTM-B193

RT

Density per MPIF-42

RT

Poi s s otoper ASRM-E132

RT

Shear Strength per ASTM-B565

RT to 400°F (RT to 204°C)

Dynamic Modulus

-100°F to 400°F (-73°C to 204°C)

Hardness per ASTM E-18

RT

and long-transverse directions and because of limited thickness a 0.125-in. (0.317-cm) diameter gauge length in the short-
transverse direction. Testing was performed using ASTM-E8 guidelines and Beryllium Materials Advisory Board
recommended strain rates, i.e. for the 0.25-in. diameter x 1.125-in. gauge length (0.635-cm diameter x 2.8-cm gauge length)
specimens a cross-head speed of 0.005-in./min (0.0127-cm/min.) up to about 1% strain was maintained at which point the
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cross-head speed was increased to 0.05-in./min (0.127-cm/min). Modulus was calculated from tensile samples affixed with
balanced strain gauges.

AM162 notch strength was determined by modifying the tapered-end specimens to incorporate a sharp notch within the
gauge section. The notch was ground with a nominal 45-degree included angle, a root radius of 0.010-in. (0.025-cm) and an
inner diameter of 0.172-in (0.437-cm) to obtain a stress concentration Kt of about 3. Testing procedures were identical to
those used for the smooth tensile specimens. Material notch sensitivity was judged by calculating two ratios: The sharp-
notch strength-to-yield strength ratio (NSR), and the ratio of notched to smooth tensile strength (NUTS/SUTS). The NSR
procedure is described in ASTM-E602, and is calculated using the average yield strength and the average sharp-notch
tensile strength. Ratios above 1 indicate the material is not notch sensitive.

Pin (or bolt) bearing strength testing was performed per ASTM-E238. D2 tool steel fixtures were used to accommodate pin-
type bearing specimens machined to 0.25-in (0.635-cm) thickness with a 0.5-in (1.27-cm) diameter hole. The center of the
hole was placed 0.75-in (1.90-cm) from the end of the sample thereby providing an edge distance to hole diameter (e/D)
ratio of 1.5. Cross-head speed was set at a constant 0.05-in./min. (0.127-cm/min). Fracture toughness testing was
performed per ASTM-E399-Annex A8, "Special Requirements for the testing of Beryllium." A compact tension configuration
was used and all testing was done at Southwest Research Institute. Four test orientations, in either ASTM-E399 and ASTM-
E616, were tested although the majority of testing was done on two orientations. Smooth rotating beam fatigue strength was
tested in the longitudinal and long-transverse direction. Testing was performed per ASTM-E466 in air at room temperature
with frequency in the range of 5000 to 10,000 cycles a minute. The specimens were machined, polished with a continuous
radius and a theoretical stress concentration factor of zero, and tested in a complete reversed stress state of R = -1.

Shear testing was performed at three cross head speeds at 70°F, 200°F and 400°F (21°C, 93°C and 200°C). Testing was
performed with 0.25-in (0.635-cm) diameter pins using the double shear method described in ASTM-B565.Metallographic
samples were prepared using standard methods; however, the mounts were not etched prior to examination. Polished
metallographic samples and selected fracture surfaces were examined in a light microscope and photographed under
normal white light.

RESULTS AND DISCUSSI ON

Chemistry. Compositional ranges of the powder input from the different extrusion lots used during the characterization
program are shown in Table 2. The highest and lowest values are reported for the extrusions. The powder chemistries are
consistent with AM162 specification requirements [9].

TABLE 2. CHEMICAL ANAL YSIS RANGE OF POWDER LOTS.

Element Lower Range Limit
Be (%) 61.7 60
Oxygen (%) 0.24 0.18
C (%) 0.060 0.050
Fe (ppm) 1160 730
Mg (ppm) 205 <100
Si (ppm) 390 390

Microstructure. Typical micrographs of the extruded material are shown in Figure 2. The beryllium phase is dark and semi-
continuous and is surrounded by the lighter continuous aluminum phase in an aluminum matrix. The structure can be treated
as a two-phase composite engineered material. The volume fraction of the individual phases depends on the metal matrix
composite composition, while beryllium size and morphology depends on the solidification rate and processing history. The
volume fraction of beryllium in AM162 is approximately 70%, with the remaining 30% of the microstructure predominately
aluminum. Note the lack of any prior particle boundaries in the microstructure; an indication that the extrusion process has
produced enough deformation to breakup the oxide layer. The transverse section reveals that the beryllium particles are
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elongated in the extrusion direction, and the elongation increases with reduction ratio. The aluminum beryllium microstructure
is quite stable and little noticeable change can be observed after heat treatment [7].

FIGURE 2. MICROSTRUC TURE OF EXTRUDED ALB EMET® AM162.

Transverse Section

Physical Properties. A significant amount of thermal and physical property testing was conducted on AlBeMet AM162.
Typical room temperature physical properties of extruded AM162 are summarized in Table 3. Since the density also depends
on chemical composition, the density range for commercially available material is shown. Both methods used to determine the
electrical conductivity measured a value of about 50% IACS conductivity.

Thermal Conductivity. Thermal conductivity test results are presented in Figure 3. The information indicates that there is no
observed difference in thermal conductivity as a function of orientation. Thermal conductivity in both the longitudinal and long-
transverse directions decreased with increasing temperature. Room temperature thermal conductivity averaged 122 Btu/hr-ft-
F (212-W/m-K). The laser flash technique measures transient thermal diffusivity and a derived thermal conductivity. Using an
estimated specific heat of 0.39-Btu/lb-F (0.39-cal/gm-C), the laser flash measurements (Table 4) showed a calculated thermal
conductivity about 12% higher in comparison to the room temperature axial rod measurements of steady state thermal
conductivity.
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TABLE 3. TYPICAL ROO M TEMPERATURE PHYSIC AL PROPERTIES OF EXT RUDED ALBEMET ® AM162.

Property Typical Value Comments

Density 0.0748 Lb/in3 to 0767 Ib/in3 62 weight% Be 99.99% dense
2.071g/cm3to 2.122 g/cm3

Specific Heat 0.390 Btu/lb*F (0.390 cal/gm*C Calculated from Rule of Mixtures
0.395 Btu/lb*F (0.395 cal/gm*C) Q)

Electrical Resistivity 8.9 micro ohm*in (3.50 micro ohm*cm) Specific Resistivity
49.3 (BIACS) Calculated per ASTM-B193
50.1 (%IACS) Measured directly by Eddy Current

Poi ssonds Ral 0.167 Measured per ASTM-E132
0.170 Calculated from Rule of Mixtures
0.140 Q)

Hardness Rb 84 As Extruded
Rb 68 Annealed

(1) Data from LMSC-679606 Report SR/107-T/5523

FIGURE 3. STEADY -STATE THERMAL CONDUC TIVITY OF EXTRUDED A LBEMET ® AM162.
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TABLE 4. LASER FLASH THERMAL DIFFUSIVITY AND THERMAL CONDUCTI VITY

Orientation Thermal Diffusivity in2/s (cm2/c) Thermal Conductivity Btu/hr*ft*F (W/m*K)
Longitudinal 1.110 (0.710) 142 (246)
Short-Transverse 0.109 (0.701) 139 (240)

Coefficient of Thermal Expansion. Mean CTE from 77°F (25°C) to the indicated temperature are shown in Figure 4.
There is minimal differences between longitudinal and long-transverse directions. The mean CTE of AlBeMet® 162 from
77°F to 212°F (25°C to 100°C) averaged 8.2 to 8.7 ppm/F (14.7 to 15.1 ppm/C) with a standard deviation of 0.38 ppm/F
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(0.21 ppm/C). These results are quite close to the values predicted when using a rule of mixtures calculation and the CTE
values of pure aluminum and pure beryllium. There was insufficient material to obtain a short transverse data specimen.

FIGURE 4. COEFFICIEN T OF THERMAL EXPANSI ON (CTE) OF EXTRUDED ALBEMET ® AM162.
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Dynamic Modulus. They dynamic modulus as a function of temperature was measured for extruded AM162 (Table 5). Due
to the size of the specimen required for the test evaluation, only data in the longitudinal orientation was obtained through the
test frequency range of 470Hz to 4230Hz. As the vibrational frequency was increased from 470Hz to 4230Hz, the dynamic
modulus decreased about 1 % . The average value of the dynamic modulus across the entire frequency spectrum is shown
in Table 5. An unannealed sample was also included in the test program. This sample exhibited a slightly higher dynamic
modulus than the annealed material.
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TABLE 5. DYNAMIC MOD ULUS OF EXTRUDED ALB EMET® AM162.

Test Temperature Annealed Msi (Gpa) As-Extruded Msi (Gpa)
-100°F (73°C) 27.4 (189) -

-50°F (-45°C) 27.3 (188) 28.2 (194)

0°F (-18°C) 27.1 (187) 28.1 (193)

50°F (10°C) 27.0 (186) 28.0 (192)

100°F (38°C) 26.8 (185) 27.8 (192)

200°F (93°C) 26.6 (183) 27.6 (190)

300°F (149°C) 26.0 (179) 27.4 (189)

400°F (204°C) 25.5 (176) -

Tensile Properties. The average longitudinal and long-transverse tensile properties from cryogenic to elevated
temperatures are presented in Table 6, and graphs of this data are presented in Figures 5 and 6. Yield and ultimate
tensile strength decreased with increasing test temperature, while elongation was highest at the 392°F (200°C) test
temperature and decreased at the next highest test temperature of 932°F (500°C). There did not appear to be a
significant difference in yield strength as a function of orientation at any temperature. Ultimate tensile strength was slightly
higher in the longitudinal direction in comparison to the long-transverse direction. This is a result of the greater elongation
observed in the longitudinal direction. Elongation appeared to peak near the 392°F (200°C) test temperature (Figure 6).
This is in disagreement with historical data which shows relatively stable elongation's for extruded bar up to 1000°F
(538°C) [10]. The elongation peak does correlate quite well with historical sheet elongation curves [10]. Based on limited
data and smaller samples, the short transverse room temperature elongation was 2 to 3 times lower than elongation in the
longitudinal direction. Tensile modulus was unaffected by orientation, and averaged about 29-Msi (200-GPa).

Table 6. Tensile Properties of Extruded AIBeMet  ® AM162 at Various Temperatures.

Test Conditions Yield Strength Ultimate Strength Elongation RA% Modulus Msi
Ksi (MPa) Ksi (MPa) % (Gpa)
-320°F (-195°C) L 53.0 (379) 70.0 (482) 2.5 3.7 -
-320°F (-195°C) LT 54.6 (376) 63.4 (437) 2.4 3.2 -
70°F (21°C) L 47.0 (323) 61.9 (426) 10.3 8.0 29.3 (202)
70°F (21°C) LT 46.7 (322) 54.4 (375) 4.2 4.1 28.9 (199)
70°F (21°C) ST 41.3 (285) 49.4 (340) 3.2 3.4 -
392°F (200°C) L 37.2 (256) 42.9 (295) 13.6 14.8 --
392°F (200°C) LT 37.8 (360) 41.3 (284) 5.1 6.0 -
932°F (500°C) L 6.2 (43) 14.3 (98) 4.9 5.6 -
932°F (500°C) LT 6.1 (42) 12.1(83) 2.2 1.5 --
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FIGURE 5. TENSILE PR OPERTIES OF EXTRUDED FIGURE 6. TENSILE EL ONGATION OF EXTRUDED
ALBEMET ® AM162. ALBEMET © AM162.
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Notch brittleness was not observed in this material. The strength ratios for all conditions were found to be above unity (Table
7). Calculated NSR (sharp-notch strength-to-yield strength ratio) values were higher in the longitudinal direction when
compared to the long-transverse direction, confirming the experimental findings that fracture toughness is higher in that
direction. The NSR and NUTS/SUTS (notched to smooth tensile strength) ratios also tended to increase slightly at higher
temperatures indicating an increase in plastic flow. Previously reported notch tensile tests on rolled Lockalloy sheet were
conducted with a similar stress concentration factor Kt of 3. The material had a longitudinal NUTS/SUTS ratios of about 0.98
to 1.45 in the temperature range between 70°F and 600°F (21°C and 315°C). The ratio increased dramatically with
temperature [10]. The Lockalloy samples also had lower long-transverse notched to smooth tensile ratios of about 0.95 to
0.98 from -100°F to 300°F (-75°C to 150°C) indicating that there may have been notch sensitivity within this temperature
range. As previously stated, notch sensitivity was not seen in extruded AM162.

TABLE 7. SHARP -NOTCH TENSION TESTIN G RESULTS FOR ALBEME T® AM162.

Test Conditions Sharp-Notch Strength Ksi (Mpa) NSR NUTS/SUTS
-320°F (-195°C) L 80.8 (556) 1.5 1.2
-320°F (-195°C) LT 70.0 (482) 1.3 1.1
70°F (21°C) L 74.4 (513) 1.6 1.2
70°F (21°C) LT 63.1 (435) 1.3 1.2
392°F (200°C) L 50.3 (641) 1.6 1.4
392°F (200°C) LT 50.0 (344) 1.3 1.2

Pin type Bearing Strength. Room temperature pin (or bolt) bearing ultimate strength and bearing strain is tabulated in Table 8
for specimens machined with an e/D ratio of 1.5 . Higher bearing stress and strain were observed in the observed in the
longitudinal direction. Fracture of all long-transverse specimens propagated perpendicular to the applied load, while
longitudinal specimens failed both perpendicular to the applied load and parallel, along the centerline of the plate face. There
was no indication of hole tearing or breakout, however, the holes were elongated in the direction of the applied load.
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TABLE 8. PIN -TYPE BEARING STRENGT H FOR EXTRUDED ALBEM ET® AM162.

Specimen Orientation Bearing Stress Ksi (MPs) Bearing Strain %
Longitudinal 50.6 (349) 8.9
Long-Transverse 48.3 (333) 6.4

Fracture Toughness. Fracture toughness as a function of orientation are presented in Table 9. Combinations of the three
orthogonal orientations were considered longitudinal (L), transverse (T) and the short-transverse (S). Specimens were
selected to test these orthogonal planes in the material, LT, TL, and SL. The ST direction was also tested to determine if
orientation effects within a plane exist. The first letter of the orientation represents the specimen loading axis, while the
second letter represents the direction of crack propagation. The fracture toughness strength was highest in the LT
orientation, although a majority of LT samples did not yield a valid Kic number. LT specimens required a 1 in (2.54 cm) thick
sample to achieve a valid Klc, all other samples were 0.5 in (1.27 cm) thick. The fracture surface was smooth with small
shear features on all but the LT samples. The LT samples exhibited large amounts of ductile features. These observations
correlate well with the test data. There was some indications during the test program that precracking technique was
affecting the reported fracture toughness. J-integral testing is being conducted in an attempt to determine if precracking
does affect the fracture toughness test. Samples were also sectioned and polished to determine if any microstructural
changes occurred adjacent to the crack front. Micrographs of polished cross section are presented in Figure 7, and there
appears to be little effect of orientation on the near-crack microstructure.

FIGURE 7. CRACK -FRONT MICROGRAPHS OF THE FRACTURE TOUGHNE SS TEST SPECIMENS.
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TABLE 9. FRACTURE TO UGHNESS OF EXTRUDED ALBEMET ® AM162.

Orientation KicKsi ain (MPaam) KgKsi ain (Mpaam)
LT 21.8(23.9) 18.1 (19.9)

TL 10.3 (11.3) --

SL 9.3 (10.2) --

ST 9.8 (10.8) --

Shear Strength. Shear strength was measured in the longitudinal and long-transverse direction. Figure 8 presents the data
plotted as a function of strain rate and temperature for the longitudinal and long-transverse orientations. Under similar
conditions, shear strength was about 30% lower than the tensile strength. Like tensile strength, the shear strength also
decreased with increasing temperature. Deformation rate also affected shear strength. At room temperature increasing the
deformation rate did not affect shear strength, but as the test temperature increased, increasing the deformation rate
increased the shear strength. The may also be an effect of orientation on shear strength, but the difference appeared to be
within the scatter of the data.

FIGURE 8. ULTIMATE S HEAR STRENGTH OF EXT RUDED ALBEMET © AM162.
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Rotating Beam Fatigue. An S-N diagram summarizing the fatigue testing is presented in Figure 9 and Figure 10. The
fatigue limit, 1 x 107 cycles, was about 30 Ksi (207 MPa) in the longitudinal direction and about 24 Ksi (165 MPa) in the
transverse direction. The data is slightly higher than that reported for Lockalloy sheet tested with an R = 0.1 [10]. No fatigue
information on extruded bar was found in the literature.
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FIGURE 9. LONGITUDIN AL FATIGUE STRENGTH OF FIGURE 10. TRANSVERS E FATIGUE STRENGTH O F EX

EXTRUDED ALBEMET ©® AM162. ALBEMET ® AM162.
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CONCLUSIONS

1 Characterization of one aluminum-beryllium metal matrix composite, AIBeMet AM162, has been conducted on several
lots of material. The test material was consolidated by extrusion of gas atomized powder containing 62 weight %
beryllium & 38 weight % aluminum.

1 Mechanical and thermal properties, including fatigue, fracture toughness, thermal conductivity, and coefficient of thermal
expansion were analyzed for the metal matrix composite extrusions.

1 The results of the characterization of aluminum-beryllium metal matrix composite, AIBeMet AM162 were tabulated,
summarized, and compared to historical information on the Lockalloy metal matrix composite system.

1 Continued use and testing of AIBeMet® AM162 metal matrix composites will increase the property data base, and
continued updating of the database is required.

1 Testing is not complete, creep, notch fatigue, shear strength and stress corrosion testing is continue.
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Note:
Handling AluminurBerylliumMetal matrix composite in solid form poses nepecial health risk. Like many industrial materials, berylliomtaining materials may pose a health risk if
recommended safe handling practices are not followed. Inhalation of airborne beryllium may cause a serious lung dismckptibles individugl The Occupational Safety and Health
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Administration (OSHA) has set mandatory limits on occupational respiratory exposures. Read and follow the guidance ieriak 34a#¢ty Data Sheet (MSDS) before working with this
material. For additional informatioon safe handling practices or technical data on Aluminum Beryliatal matrix composite, contactMaterion Beryllium & Composites
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