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Abstract : Six kinds of beryllium powders with different particle sizes (4 ~15 pm) and low oxygen prepared by impact

grinding were compacted and consolidated by cold hot isostatic pressing ( CIP- HIP) . The tensile strength , yield strength,

elongation and micro yield strength( MYS) of the materials were tested and it showed that the strength of the materials,

especially the yield strength and micro yield strength( MYS) increase obviously with the refine ment of grain size . From the

XRD and TEM, the second phase is Be O which is finely dispersed in matrix . This is considered to be the main strength-

ening mechanism for CIP- HIPed beryllium materials with higher purity .
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1 INTRODUCTION

Beryllium has its own characteristics : low densi-
ty, high melting point, high elastic modulus, espe-
cially high specific stiffness ( modulus/ density) , good
dimensional stability , etc. So it is a good material for
inertial guidance system and optical syste ml! 737,
Powder metallurgical process is adopted for

(4] The main methods

beryllium material production
for producing beryllium powder are disc attritioning
and impact grinding . Impact grinding is an advanced
method for producing beryllium powder which is very
fine and of low oxygen content!®). And now it is
widely used in producing high performance beryllium
materials .

The conventional method of consolidating beryl-
lium material is vacuum hot pressing which has a low
cost and high efficiency , however, the properties of
beryllium material produced are deficient for some ap-
plications . Isostatic pressing with higher pressure and
lower te mperature is able to obtain beryllium materi-
als basically isotropic and providing high perfor
mance . It’s a good way to produce beryllium materi
als with high strength and good elongation[(’].

It is well known that grain size is the key factor

affecting material properties . According to Hall- Petch

formulal 7!
— -1/2
g, = G, + Kyd

As grain size decreases, the yield strength increases
re markably . Furthermore, when the deformation/
fracture characteristic is basically identical , reduction
of the grain size is able to make the differences of
fracture stress and yield stress values increase, as a
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result , elongation of materials is improved . The stud-

ies of Turner et all®!

on the influence of particle size
on mechanical properties of hot pressed beryllium ma-
terials verified the formula very well.

MYS is a main index reflecting the dimensional
stability of material . It is a stress to cause 1 x 10~ 6

[9~11]

plastic strain . The index is very important for

beryllium material used in inertial parts“z] .

Based on above discussion, the purpose of this
paper is to determine the relation between grain size
and mechanical properties of beryllium materials with
different particle sizes made by the use of the CIP-
HIP process , so as to establish a foundation for study-
ing and producing beryllium materials with high
strength , especially high micro yield strength( MYS)
and good elongation .

2 EXPERI MENTAL

2.1 Powder preparation

Six kinds of beryllium powders with different
particle sizes of 4.0,5.2,7.4,9.1,12.1 and15.0
pm were prepared by the use of cold stream impacting
and classifying system . The powders were etched to
eliminate impurities such as iron, which brought from
grinding . The average particle size was measured and
the chemical composition of powders was analyzed
with specified standard methods .

2.2 Consolidation

Powders were put into rubber capsules, com-
pacted under the CIP of 260 MPa. The CIPed green
compacts were sized and vacuum treated, and welded
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into steel cans which were evacuated before welding .
The green compacts were consolidated under the HIP
pressure of 120 ~140 MPa at 1 050 C, 1 h, and the
pressure medium is argon .

2.3 Specimers preparation

1) Specimens for MYS and tensile tests

The specimens were cut into single shoulder bars
of 10 mm in diameter, 60 mm in length, and the sur
face of the specimens was che mically etched to re move
about 0.1 mm in thickness.

2) Specimens for metallographic observation

By abrading and finishing the transverse fracture
surface of tensile specimens .

3) Specimens for TE M observation

The round sheet specimens were finally thinned
tol .5x10° 7" m with Dual Ton Mill.

2 .4 Experimental methods

1) Density

Density of HIPed ingot was measured by method
of water displace ment .

2) Tensile Tests

The tensile strength, yield strength and elonga-
tion were tested in an Instron Testing Machine .

3) MYS tests

Three stain gauges were adhered to each tensile
specimen, and then the MYS test was carried out by
the method of loading-unloading and recording the
plastic strain in an Instron Testing Machine and an
MG 3800 strain instrument with resolution of 0.1 X
10°%. The fluctuation of surrounding te mperature
was strictly controlled within to.2C.

4) Metallographic observation

The microstructures of the materials were ob-
served with a metalloscope under polarized light .

5) Second phase particle observation

Second phase particle were determined by XRD
and observed with TEM.

3 RESULTS AND DISCUSSION

3.1 Chemical composition

The oxygen contents of six kinds of the powders
with different mean particle sizes are all less than
1%, and Fe contents arec between 0.040 % ~
0.055 %, A10.012% ~0.013 % and Si 0.0085 % ~
0.0122%.

3.2  Mechanical properties

1) Macrostrength

The influence of grain size on tensile strength
and yield strength is plotted in Fig.1 . As shown in
Fig .1, the strength increases in direct proportion
with the refine ment of the grain size , which is identi-
cal with the Hall- Petch Formula .

2) MYS

Fig .2 shows the correlation between MYS and
grain size, and it is seen that, the MYS increases
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with the refine ment of grain size too, which is also i-
dentical with Hall-Petch Formula. Fig.1 and 2 indi
cate that the Hall-Petch Formula is not only suitable
for macro-strength, but also extending to the elastic
plastic transitional field bet ween the elastic deforma-
tion and plastic deformation .

The finer the grain size is, the more the grain
boundary increases , and the more the function of pre-
venting the dislocation motion is, thus both the macro
and micro strengths increase .

3) Elongation

Fig .3 shows the relationship bet ween elongation
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Fig .3 Influence of grain size on elongation
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and grain size , and it shows that the value of elonga-
tion attains maximum when the grain sizes are 6 ~ 7
pm. The reason is that when the grain size is much
coarser, the difference between fracture energy and
yield stress decreases, so the ductility becomes poor.
In the same way when the grain size becomes much
finer, the brittle phase BeO in powders increases,
which causes the decrease in the ductility. Upon
these experiments , the powders with medium particle
size , for example , the powders whose size are 6 ~ 7

pm should be suitable for the high strength and good
ductility of beryllium materials .

3.3 Microstructure

The polarized light metallograghs of six kinds of
beryllium materials are shown in Fig.4. From Fig .4
(a) to Fig.4(f) grain size decreases in proper order.
The main strengthening phase is Be O by XRD analy-
sis (Fig.5) . The TEM micrograph in Fig.6 shows
the distribution of BeO particles, which are fine

Fig.4 Metallographs of six kinds beryllium materials ( Polarized light)
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(about 0.1 um) and dispersed. This benefits the
strength improve ment of the materials .

4 CONCLUSIONS

1) The influence of grain size on strength ,in-
cluding MYS, of beryllium materials is evident. The
finer the grain size , the higher the strength , which is
suitable for Hall Petch Formula .

2) The particle size of 6 ~ 7 pm is suitable for
generally good properties of beryllium materials .

3) The fine and dispersed BeO is the main
strengthening factor of the higher purity beryllium
materials by isostatic pressing .
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