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SPECIFICATION

BERYLLIUM-COPPER ALLOY EXCELLENT IN STRENGTEH,
WORKABILITY AND HEAT RESISTANCE AND
METHOD FOR PRODUCING THE SAME

Technical Field

. The present invention relates to beryllium-
copper alloys used as electrically conductive spring
materials for lead frames, terminals, connectors,
relays, switches, jacks and the like, of which such
properties as strength, workability and stress—-relaxation

are important, and a method for producing the same.

Background Art

Beryllium-copper alloys containing 0.2 to 0.3 %
by weight of Be in copper have been known heretofore as
electrically conductive spring materials and disclosed
in Japanese Patent Examined Publication No. 4-53936 by
the present applicant. As such beryllium-copper alloys,
there are aging materials of which an aging treatment is
performed by users, and mill-hardened materials of which
aging treatmenf have been applied before shipping.

By the way, recently, due to an enhanced
miniaturization of electronic parts, higher strength is

required also for beryllium—copper alloys. The
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Background Art BerylTium copper alloys containing 0.2 to 0.3 % by wei ght of
Be in CPRRGEt BlsRe n.@s electrically conductive spring naterials and

!
di-scl osedimni il 936 by the present applicant. As exanples of such
beryl i UIV}“E. u ;ﬁys, there are aging materials of which an aging
treat ment™ B 8 r

treat nent has been applied before shipping.

by users, and m|l-hardened materials to which aging

materials to be obtained is disclosed in JIS C 1720 (Be
1.8 to 2.0 % by weight). |
However, in these aging materials of such
beryllium-copper alloys, there have been disadvantages
that deformation is likely to occur during aging |
treatment and also setting up of treating conditions is
difficult due to narrow tolerance of aging treatment
conditions. Therefore, there has been a problem that it
is not necessarily easy to attain the desired
characteristics by aging treatment at user's side.
Also, in conventional mill—hardened.material of
beryllium-copper alloys, there have been problems that a
sufficient workability cannot be obtained and, in
particular, bending workability is poor in a direction
perpendicular to the direction of rolling. Further, as
to heat resistance that can be regarded as an index of
long-term reliability, there has been a problem that
stress—-relaxation ratio is large. Incidentally, the
stress-relaxation ratio is a value indicating reduction
of spring properties for a long period of time and the
measuring method thereof is regulated in EMAS (Japan
Electronic Manufacturers Association Standard)-3003 as
"Testing Method of Stress-Relaxation by Bending of
Spring Materials". According to this standard, the

stress-relaxation is defined as a phenomenon that the
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fn US 4792365, a process is disclosed for the production of
berylllqﬂgﬁgae‘ g%&oxs conprising 0.05 to 2.0 % by weight of Be, 0.1 to 10
% by wei T w one of Co and Ni, optionally 0.05 to 4 % of at

| east on , Zr, Sn and Cr in total anount and the bal ance

-—CD-J.Q

substantl- i process I nvol ves casting, solution heat treatnent at
800- 1000[ err] C, coId wor ki ng, annealing at 750-950[err] C and age har deni ng.

Recently, due to an enhanced niniaturization of
stress generated in materials under a constant strain

decreases slowly with a lapse of time.

Disclosure of the Invention

The present invention contemplates to solve the
above-mentioned conventional problems advantageously.

It is an object of the invention to provide a beryllium-
copper alloy which is excellent in strength as a matter
of course, which can be used as an aging material having
a wide tolerance of the aging treatment conditions,
i.e., flexible treatment conditions-so as to reduce the
burden at the user end by making deformation at the
aging treatment difficult, and which can be also used as
a2 mill-hardened material having excellent workability
and heat resistance. It is a further object of the
invention to provide an advantageous method for
producing the same.

According to the present invention, there is
provided a beryllium—copper alloy excellent in strength,
workability and heat resistance, having a composition
containing |

Be: 0.5 to 1.5 g by weight,

at least one member selected from the group of Ni
and Co: 0.3 to 1.5 % by weight,

at least one member selected from the group of Si

and Al: 0.5 to 2.5 % by weight,
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el ectronic parts,

hi gher strength is required also for berylliumcopper

al | oys. ThahmmmaﬁhemmquMOﬁbe obtained is disclosed in JIS C 1720 (Be 1.8

t9 2.0 % by ME
beryl I'i um cop

it , in these aging materials of such
N here have been di sadvant ages

and the balance being substantially Cu, said alloy

containing as an intermetallic compound NiBe or/and CoBe

in the range of 0.20 to 0.90 % by weight, and at least

45 % thereof being present as fine particles having a

diameter of 0.1 um or less.

Also, the present invention provides a method

for producing a beryllium-copper alloy which is

excellent in strength, workability and heat resistance,

and which comprises subjecting to hot working and

subsequent cold working a cast material having a

composition containing

Be: 0.5 to 1.5 § by weight,

at least one member selected from the group of Ni

and Co: 0.3 to 1.5 § by weight,

at least one member selected from the group of Si

and Al: 0.5 to 2.5 § by weight,

and the balance being substantially Cu, subsequently

subjecting the material to a solution treatment at a

temperature of 800°C or higher, cooling at a rate of

20°C/s or more between the temperature range of at least

800°C to 600°C, subsequently subjecting the material to

finishing working of 5 to 40 %, and then applying aging

treatment to the material at a temperature of 300 to

460°C.

In the present invention, strength, workability

and heat resistance to be attained as target are as
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that de i ls likely to occur during aging treatnent and al so setting
up of treating conditions is difficult due to narrow tolerance of aging
t§eat ment | Eaty %ﬂbnﬂhmﬂagrefore there has been a problemthat it is not
necessari Iﬁ ; ain the desired characteristics by aging treatnent
att he use 9 I n conventional mll-hardened beryl|ium copper

all oys, there have ,problens that a sufficient workability cannot be
obt ai ned and, in
follows.

First, as to strength, it should satisfy a
tensile strength of 84 to 115 kgf/mm2.

As for workability, at the tensile strength of
84 to 97 kgf/mm2, when bending work is performed with a
R/t ratio (R: bending radius, t: plate thickness) of
1.0, it should be possible to perform good work in any
direction with respect to the direction.of rolling.

Further, as to heat resistance, that is, a heat
treatment deformation amount, a deformed amount (change
in warpage amount) of a material beéore and after aging.
treatment of a material having a size of 20 mm x 20.mm,
and a plate thickness of 0.3 mm should be 10 um or less.

Furthermore, flexibility of the heat treatment
conditions in accofdance with the present invention
should be such that a fluctuation of a tensile strength
is within the range of * 8 kgf/mm2 even when optional
aging conditions are selected.

In the following, the present invention will be
explained specifically.

The first characteristic feature of the
beryllium-copper alloy of the present invention resides
in that, in order to reduce deformation due to heat
treatment, the content of Be is made 1.5 % by weight or
less which is markedly reduced as compared with the

conventional beryllium-copper alloy. Nevertheless, when
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pérticufar“b@ﬁdfﬁg—ﬁﬁrkébiIity I's poor in a direction perpendicular to the

directi ony. 1008 ther, as to heat resistance that can be regarded
ag-an in :#wﬁf*g% ;ﬂahreliability, t here has been a probl emthat
stress-r egmﬂ i

I ndicatin

is large. The stress-relaxation ratio is a val ue
spring properties over a long period of tine and
t he measuring method thereof is regulated in EMAS (Japan El ectronic
Manuf act urers Associ ati on Standard)-3003
the content of Be is less than 0.5 % by weight, strength

is insufficient since a strengthening mechanism is not
effective. Accordingly, in the present invention, the
content of Be is limited in the range of 0.5 to 1.5 % by
weight. Incidentally, more preferred range of Be is 6.7
to 1.3 & by weight, and further preferred range is 0.9
to 1.1 % by weight.

The second characteristic feature of the
beryllium-copper alloy of the present invention resides
in that lowering in strength accompanied by decreasing
the content of Be as mentioned abové is compensated by
composite addition of Si, Al and Ni, Co.

First, explanation will be made of Si and Al.
These are each dissolved in the Cu mother phase as a
solid solution and contribute to improvement in strength
by solid solution strengthening mechanism. However,
when their contént is less than 0.5 $ by weight,
strength and workability are insufficient, while when
the content exceeds 2.5 % by weight, conductivity,
rolling workability and soldering property are lowered
and also deformation due to heat treatment is promoted.
Accordingly, Al and Si are to be contained in the range
of 0.5 to 2.5 § by weight in either case of single use
or in combination. More preferred range is 1.0 to 2.5 %
by weight, and further preferred range is 1.5 to 2.5 %

by weight.
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"Testing Method of Stress-Rel axation by Bending of Spring Materials".
Accor di n@hli%tetttﬁa@eaﬂ&pld@ad the stress-relaxation is defined as a

phenonenomniilis ﬁmﬂmm . - stress generated in

mat eri al s [ ant straln decreases slowy with a | apse of tine.

Next, explanation will be made of Ni and Co.
These precipitate in the Cu mother phases an
intermetallic compound such as NiBe or CoBe, etc., and
contribute to improvement in strength due to their
precipitation strengthening mechanisms. And yet, by
precipitation of such an intermetallic compound, heat
resistance, etc. are also improved.

When precipitation strengthening is intended by
an intermetallic compound mainly comprising the above-
mentioned NiBe or CoBe, if the content of Ni or/and Co
is less than 0.3 % by weight, noﬁ oﬁly strength is
lowered but also grain size becomes coarse whereby
workability becomes poor. On the other hand, when the
content of Ni or/and Co exceeds 1.5 $ by weight, the
amount of the intermetallic compound formed between Be,
Si, Al, etc. increases whereby bending workability
becomes poor. Accordingly, Ni and Co should be
contained in the range of 0.3 to 1.5 & by weight in
either case of single use or in combination. More
preferred range is 0.3 to 1.1 $ by weight, and further
preferred range is 0.3 to 0.7 % by weight.

Also, it is necessary that the amount of NiBe,
CoBe intermetallic compounds to be precipitated, is in
the range of 0.20 to 0.90 § by weight. The reason is
that when the content is less than 0.20 & by weight,

sufficient strength cannot be obtained, while when it
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Di scl osureof The Thvention The present invention seeks to solve

t he abovegpBial e dn Replaced probl ems advantageously. It is an object
of the invg if.' LMY de a beryllium copper alloy which is excellent in
strength “m | rcourse, whi ch can be used as an aging nmateri al
havi ng a Wik 2 of the aging treatnent conditions, i.e., flexible
treatnent conditions so as to reduce the burden at the user end by maki ng

deformation at the .
exceeds 0.90 % by weight, bending workability is

markedly lowered and heat resistance is also lowered;
Accordingly, more preferred amount of the intermetallic
compound mainly comprising NiBe and CoBe is in the range
of 0.20 to 0.60 $ by weight when it is used as a mill-
hardened material, whereas it is in the range of 0.30 to
0.75 % by weight when it is provided as an aging
material.

Further, in the NiBe and CoBe intermetallic
compounds, a size of the precipitate, i.e., a grain size
is important. The reason is that e;en when the content.
of the intermetallic compounds satisfy the above-
mentioned preferred range, if the ratio of grains
exceeding 0.1 um is large, cracks will likely caused at
working based on such coarée grains. Thus, in the
present invention, as for the intermetallic compound, at
least 45 $ of the compound should be contained as fine
particles with a diameter of 0.1 m or less.

As stated above, in the present invention, in
order to make compatible all of strength, bending
workability and heat resistance, etc., characteristics
such as strength and bending workability, etc. are
improved by Be, Si and Al. Also, in the present
inventﬁon, in order to suppress deformation in shape of
the material at aging treatment, an amount of Be is

decreased. As for lowering in strength accompanied by
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abing treatnment difficott;, and which can be al so used as a m | -hardened

mat eri al  harhisg s rkability and heat resistance. It is a further
obj ect of ths"ee_ g|et1'nlgl‘l@Iﬁ:\é\%row de an advantageous nethod for producing the

sane. Accord sent invention, there is provided a _
berylliun1co--~ set out in claiml. Al so, the present invention

provi des a nethod for producing a berylliumcopper alloy as set out in
claim decrease in Be, properties are improved by precipitation

strengthening of the intermetallic compounds mainly '
comprising NiBe and CoBe, and solid solution
strengthening owing to Si, Al and the like.

Incidentally, among the intermetallic compouﬁds
mainly comprising NiBe and CoBe, an intermetallic
compound such as NiAljz, NiSi, etc. are also included in
a little amount.

Also, in addition to the above-mentioned
components, Fe, Ti, Cr, etc., may be added as a sub-
component in the range of 0.05 to 6.5 % by weight.

These are components each of thch contributes to
improve strength, and particularly, Fe and Si are.
components which also contribute to improve workability.

The third characteristic feature of the
beryllium-copper alloy of the present invention resides
in that heat treatment conditions are made flexible.
The reason is that the precipitation temperature of NiBe
or CoBe has an extremely wide temperature range of 300
to 460°C, and the treatment time also has extremely wide
range of 15 minutes to 6 hours. And yet, even when in
such wider treatment conditions, the variation range of
tensile strength can be made within the range of
* 8 kgf/mm2,

As a result, the aging treatment at the user

side becomes markedly easy as compared with prior art
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. In the present |nvent|6n' strength, workability and heat resistance to
be att ai ftislSlas Ha6B@CkepBER follows. First, as to strength, tensile

T

and the user's burden can be remarkably reduced.

Next, preferred preparation conditions of thé
present invention will be explained.

To the cast piece prepared by the above-
mentioned preferred composition range of components is
subjected hot working and cool working. The alloy of
the present invention has essentially good hot
workability and cool workability as long as it satisfies
the above-mentioned composition range of the components.

Then, a solution treatment is carried out in
order that elements forming intermeéallic compounds such
as NiBe, CoBe, etc. are sufficiently dissolved in the
mother phase as a solid solution. In this solution
treatment, if the treatment temperature is less than
880°C, dissolution of elements forming intermetallic
compounds into the alloy becomes insufficient and
bending workability of the product becomes poor, so that
it is necessary to set the solution treatment
temperature as 880°C or higher.

After the above solution treatment, the alloy is
cooled to normal temperature. In the present invention,
with regard to such a cooling treatment, it is important
to carry out the cooling at a rate of 20°C/s or more,
for at least the temperature range of B00°C to 600°C.
The reason is that the temperature range of 800 to 600°C

is a range in which intermetallic compounds such as

-10-
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As for workability, at the tensile strength of 840 to 970 MPa (84 to 97

kgf/mr[err]mssuaemlammlkep coflork is perforned with a R/t

kadi us, t: |
work in any ?
to heat resi

def or ned anount (change in warpage amount) of a material

agi ng treat nment OB a nateriaL haV|n a, size of 20 mm x
NiBe, CoBe, etc., ar likely precipitate

ratio (R bendi ng
el gk of 1.0, it should be possible to perform good
| respect to the direction of rolling. Further, as
at 1's, a heat treatnent deformation anount, a
before and after

0 J
with a coarse

grain. Thus, if the cooling rate is slower than 20°C/s,

most part of the intermetallic compounds precipitates as

coarse grains, and as a result, precipitation of fine

grains with a sufficient amount in the subsequent aging

treatment cannot be expected. Such coarse grains make

workability poor. Accordingly, in the present

invention, after the solution treatment, the cooling

should be carried out at a rate of 20°C/s or more for at

least the temperature range of 800 to 600°C.

preferably, it is 40°C/s or more.

More

Incidentally, the above-mentioned quenching

treatment after the solution treatment is not limited

only to the temperature range of 800 to 600°C, but it is

needless to say that the same quenching treatment

thereafter, for example, until at room temperature, is

advantageous for maintaining a sufficient amount of

solid solution of the elements for forming an

intermetallic compound.

Here, as for cooling means, any means are

effective as long as the above-mentioned cooling rate

can be ensured, and it is not particularly limited.

Thus, water cooling, mist cooling, gas cooling, etc. are

particularly advantageously adopted.

Then, finishing work is carried out to finish

the alloy to a shape of a product. At this time, if the

-11-
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and a pl at € Thickmess—of—6-3—am shoul d be 10 [err]mor |ess. Furthernore,

f 1 exi bi I'ityrfspdetig,sRES
fnvention shpy i B
t he range of ||}H ?_ﬁm

t
T [Er f/mijerr]) even when optional
are sel ected.

specifically. The first characteristic feature of the

[eat ment conditions in accordance with the present
]Eﬁat fluctuation of tensile strength is within

agi ng conditions

w ng, the present invention will be explained

working ratio is less than 5 %, sufficient strength
cannot be obtained, while if it exceeds 40 %, bending
workability deteriorates so that the working ratio is
limited to the range of 5 to 40 . More preferred
working ratio is 10 to 20 %.

Subsequently, an aging treatment is carried out
to precipitate a desired intermetallic compound.

Here, when the aging temperature is less than
300°C, sufficient strength cannot be obtained or, even
when obtained, bending workability deteriorates. On the
other hand, if it exceeds 460°C, bénding workability
also deteriorates. Thus, it-is necessary to set the
aging temperature in a range of 300 to 460°C. Also, the
aging time can be selected from a wide range of 15 min
to 6 hours. More preferred aging treatment conditions
are the temperature of 320_to 380°C and the time of 20
min to 3 hours, and further preferred treatment
conditions are the temperature of 330 to 360°C and the
time of 1 to 3 hours.

Thus, it is possible to obtain a beryllium-
copper alloy which is little in heat treatment
deformation at an aging treatment, is flexible in the
aging treatment conditions, and yet has excellent

strength, bending workability and heat resistance.

-12-
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ue to heat treatnent, the content of Be is made 1.5

berylIrunrcopper*a#foy—of-the present invention resides in that, in order

to red
% by wei
conventi

ich is mar kedl y reduced as conpared with the
copper alloy. Neverthel ess, when - 5-

Brief Description of the Drawing

Fig. 1 is a graph showing the relationship
between aging treatment time and tensile strength of the
obtained product, with an aging treatment temperature as

a parameter.

Best Mode for Carryving Out the Invention

Example 1
This example relates to mill-hardened materials,

in which cast pieces of beryllium-copper alloys having
the compositions each shown in Tables 1 to 7 were
subjected to solution treatment, finishing working and
then aging treatment under the conditions shown in these
Tables to prepare products.

The results were examined for stress relaxation
ratio, hardness, tensile strength and bending
workability of the thus obtained products, and are also
shown in Tables 1 to 7 with overall evaluations.

Incidentally, the bending workability was judged
with eyes by subjecting test specimen having a plate
thickness of 0.3 mm to bending working using a bending
tool so that the inner bending radius come to 0.3 mm,
(R/t ratio = 1.0) in accordance with JIS Z 2248, then
the bent surface was observed by magnifying it by
30 times. The directions of bending were made parallel

direction (0°) and perpendicular direction (90°) to the

-13-
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t he content of Be is Tess than 0.5 % by weight, strength is insufficient
since a'@#‘&uynheamm@mngphanisn1is not effective. Accordingly, in the

pf esent i o g content of Be is limted in the range of 0.5 to 1.5
% by wei g el | more preferred range of Be is 0.7 to 1.3 % by
wei ght, ano referred range is 0.9 to 1.1 % by weight. The second

characteristic feature of the berylliumcopper alloy of the present
i nvention resid . : .
Hirection of rolling, and expressed by ©: no rough, O:

a little rough, A: markedly rough, x: cracks, and xx:
rupture.

Also, as to data for the amounts of material
deformation, small specimens with a size of 20 x 20 mﬁ
were cut from the material having a plate thickness of
0.3 mm in both longitudinal and width directions, and
the amounts of curvature were measured before and-after
heat treatment. For measurement of the amounts of
curvature, a non-contact type shape measuring device was
used. '

Further, as for the heat resistance, among the
properties of the materials thus obtained, the stress
relaxation ratio (permanent deformation amount) was
obtained by the measure using the cantilever beam method

at the time of loading the stress of 80 % or less of

0.2 % proof stress at 200°C for 100 hours.

-14.
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Jin that

-
| owering in strength acconpani ed by decreasing the content of Be

Al and Ni ,

as nenti OB ‘@B@Mbmu&maﬁmpensated by conposite addition of Si,
Q0. First |{HREHEH be made of Si and Al. These are each dissol ved
in the CuliHNNE as a solid solution and contribute to inprovenment in
strength by so I on strengtheni ng nechani sm However, when their
content is |ess than 0.5 % by weight, strength and mnrkablllty are
i nsufficient, whiTablshdr
Mill-hardened materials Examples
Number 1l 2 3 4 5 6 7
Be 0.9 |0.7 |1 0.9 |1.11)1.11]1.29
Ni 0.6 |0.8 |0.87|0.8 |0.27|0.4 [0.6
Co 0 0.07|0 0.07|0.6 |[0.47]0.27
Al 0.5 |1.5 |1 1 0.9 }|0.2 |0.5
Compo-
sition |Si 0.5 |0.8 |D 0 0.5 |1 0.5
we NiBe+CoB
igetiore
(theoretical value) |0-69/1.00[1.00/1.00/1.00(1.00}1.00
NiBe+CoBe
(precipitated amount) |0-39(0-82|0.54(0.52)0.57}0.60|0.67
Ratio of fine
particle (%) 92 | 48 | 62 | 71 | 60 | 58 | 51
Solution treatment : :
temperature (°C) 910 | 905 | 900 | 910 | 900 | 900 | 885
Cooling temperature*
Prepa- |{°C/s) 45| 25| 30| 35| 30| 30| 25
ration Aging temperature
condi- 29179 temp 340 | 360 | 345 | 350 | 345 | 345 | 340
tions |{°C)
Aging time {min) 20 80 15 10 15 20 15
Working ratio (%) 15 20 20 20 20 20 25
Stress relaxation
ratio (8) 10| 12 13| 14| 15| 14| 1218
Hardness (Hv) 241 | 288 ] 247 | 245} 285 | 272§ 276
Prop- |Tensile strength 84.5/94.6|86.7} 86 [94.2]95.4|96.8
erties |(kgf/mm2) ) ‘ : ) ) )
?giu)i;ng workability o A Ie) o) e O A
?:gg:)mg workability o o o) O '®) A
s very veryjvery| very| very
Overall evaluation good good good | good | good | good good

*Note: Cooling temperature at the temperature region of 800 to 600°C
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the content exceeds 2.5 % by weight;——conduetivity, rolling workability and

sol dering property are |owered ..egﬁ d f natlon due to heat treatnent
i,s promoted. Accordingly, A angam dontained in the range of 0.5
to 2.5 %by weight in either "] use or in conbination. The

nore preferred range is 1.0 to 4B and a further preferred
range is 1.5 to [%‘a%l‘% l% wei ght .

Mill-hardened materials Examples
Number 8 9 10 11 12 13 14

Be 1.2910.9 j0.9 |1.11(1.11]0.7 |0.7
Ni 0 1.05|0 0.5 0.5 0.2 |D.4
Co 0.87)0 1.05]0.55§0.5510.3 0.1
Al 1.5 |0.5 {0.8 |0 1l 2 0.5

Compo-

sition {si 0.9 (1.2 ]0O 0.6 (1.1 (0.2 0.9

wt 8

NiBe+CoBe
(theoretical value) 1.00/1.00(1.21(1.21}1.21|0.58|0.58
NiBe+CoBe
(precipitated amount) 0.6510.7910.7210.72{0.7710.41]0.40
Ratio of fine
particle (8) 53 55 61 72 49 60 70
Solution treatment 890 | 900 | 915 | 905 | 895 | 905 | 910

temperature (°C)

Cooling temperature* 2 '

5 25 0 5 25 3 35
Prepa- |(°C/s) 3 3 0
ratlon |aging temperature

condi- (°c) 340 | 360 | 360 | 350 | 350 | 340 | 340
tions
Aging time {min) 15 15 10 20 30 35 20
Working ratio (%) 35 30 18 36 25 20 20
Stress relaxation
ratio (%) 18 14 15 17 13 14 16
Hardness (Hv) 290 | 284 | 251 | 255 | 287 | 288 | 251
_ |Tensile strength
:;:ges (kgf/mm2) 95.9196.6] 88 ]89.5|93.6|94.2|88.1
Bending workability
e ojajojo|aloO}o
Bending workability
(90°) A A A O A A ©
Overall evaluation good | good | good | good | good | good{ good

*Note: Cooling temperature at the temperature region of 800 to 600°C
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-'6- Next,

expl anation w |l

be made of N

and CO0. These precipitate in the

Cu not her phases as an |nternetam&a&mﬂmﬁnﬁm E&&Ph as NiBe or CoBe, etc.,
and contribute to inprovenent in io their precipitation
strengt heni ng nechani sns. And ye{| fati on of such an
intermetal Iic coppouig, 3feat
Mill-hardened materials Examples
Number 15| 16 | 17 | 18 | 19 | 20 | 21 | 22
Be 0.98{0.98{1.3 [0.81|1.08]|1.3 {0.92{1.05
Ni 0.52|0.4 [0.49{0.32]{0.31]0.1 }0.46/0.45
Co 0 0.12f0 0 o 0.39{0 0
AL o (2.1 |0 2.0 12.0 (2.0 {1.9 |1.9
Compo-~
sition |Si 0.8 ]0.3 {0.8 |0 0 0.3 |0 0
vt 3 NiBe+CoBe
(theoretical 0.60(0.60/0.57[{0.37]0.36[0.57(0.53|0,52
value)
NiBe+CoBe
(precipitated 0.35{0.40(0.35|0.20(0.22{0.37{0.35|0.32
amount)
Ratio of fine
particle (%) 91 | 72 | 59 | 62 [ 86 | 60 | 81 | 75
Solution treatment
temperature (°C) 905 | 895 | 890 | 910 | 905 | 880 | 910 905.
Cooling temper- _
prepa- |aturet (°C/s) 45{ 35| 25| 30| 45| 25| 45| 40
ration i
condi- | (3¢)° temperature | 349 | 340 | 340 { 340 | 340 | 340 | 340 | 340
tions
Aging time (min) 151 60| 45 20 20( 30| 20| 30
Working ratio (8) 25} 25| 20{ 20| 20| 20| 12| 20
Stress relaxation
ratio (%) 9 8 |11 |10 ] 4 | 10| 8 8
Hardness (Hv) 240 | 290 | 257 | 240 | 259 { 290 | 289 | 291
Prop- f:g;}i: ?t‘ength 84.296.9/90.2{84.2(90.4{96.3|89.9(90.0
erties
Bending work-
ability (0°) 0|0 |O0O]OC |0 ]| ©
Bending work-
ability (90°) . Oo({ajOojO0o|lo}lajoe]|oO
s very|very very very|very
Overall evaluation good | good good [good good gouod good |good

*Note: Cooling temperature at the temperature region of 860 to 600°C
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resistance, etc. are also inprov recipitation strengthening is

I ntended by an internetallic cogggfgﬁhﬁgrﬁry‘66Wprising t he above-
mentioned NiBe or CoBe, if the copast mﬁmmﬂg wgand Co is less than 0.3 %
by wei ght, not only is strength ﬁq ; so grain size becones coarse
wher eby workability becones poor hand, when the content of N
or/and Co exceeg%ébf%f@fw'melght t he ann of the internmetal i c conpound
fornmed between

Mill-hardened .
materials Comparative Examples (Component)
Number 1 2 3 4 5 6
Be 0.47 0.47 0.47 0.47 1.06 1.06
Ni 2 0.97 0 0.2 0.7 1
Co 6.47 0.5 0.97 0.77 | 0.69 0.39
Al 0.2 1.5 0 3 3.5 ]
Compo-~
sition (81 v} 9.5 0.5 0.6 ‘1.5 0.1
“t ¥ NiBetCoBe
{theoretical 1.70 l1.70 1.12 1.12 1.60 1.60
value)
NiBe+CoBe
{precipitated] 0.78 0.50 0.25 0.75 1.15 0.75
amount}
Ratio of fine
particle (8) 2 25 7 i8 11 4
Solution -
treatment
temperature 915 905 915 205 890 905
(°c)
Cooling
Prepa- |temperature* 1 15 5 10 5 2
ration |(°c/s) .
condi- s _
tions [ngond %Eg?e‘ 380 380 380 380 | 360 360
?i;ﬁ? time 30 40 30 30 60 20
?g;king ratiol g 20 20 20 20 20
Stress
relaxation 21 19 22 26 21 24
ratio (%)
Hardness (Hv} 148 251 161 266 289 198
Tensile
Prop- strength 51.9 88.1 56.5 89.3 89.2 63.5
erties (kgf/mm2)
Bending work-
ability (0°) | © X o x xx A
Bending work-
ability (90°) A XX O X X XX X
Cverall Poor :::ﬁi Poor :2??1 Jﬁ:ﬁl Poor
evaluation Agftrengthhbilitystrength bilitzEbilitYSt:ength

*Note: Cooling temperature at the temperature region of 800 to 600°C
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SI Al , etc. increases whereby bending—werkability becones poor.

Accordingly, N and Co shoul d be confﬁg edHin the range of 0.3 to 1.5 % by
wei ght in either singl e use Hﬁlizu _'ed)n.' The nore preferred

range is 0.3 to 1.1 % by wei ght, and {fflerred range is 0.3 to
0.7 %by weight. Also, it is necessar sHunt of N Be, CoBe
intermetal |ic cokPaBhBsSdo be precipitated, is in the range of 0.20 to 0.90

% by wei ght. Therreasofi——=s
y 9 Mill-hardened materials Comparative Examples (Component)
Number 7 8 9 10 X1
Be 1.54}| 1.56 {1.69] 1.69 1.058
Ni 6.2 0.11 |1.1 0 0.15
Co 0.41} 0.5 0.11} 1.2 o
Compo- Al 0.1 1.5 0.2 0 4]
sition
wt § |Si 0.3 1 . 0 0.8 0.9
NiBe+CoBe
theoretical value) 0.70| 0.70 | 1.40)] 1.40 0.17
NiBe+CoBe
(precipitated amount) 0.43 ]| 0.46 j1.05| 1.02 0.09
Ratio of fine particle
(%) 40 21 38 12 65
Solution treatment
temperature (°C) 870 860 865 860 905
Prepa- |Cooling temperature* : '
ration | (°C/s) 20 10 20 5 30
COndi" a
tions |P9ing temperature (°C) 340 | 340 345 | 345 350
Aging time (min) 40 60 40 15 15
Working ratio (%) 20 15 20 25 20
Stress relaxation
ratio (%) 20 15 16 14 22
Hardness (Hv) 254 290 265 288 201
Tensile strength
Prop- |(kgt/mm2) o 891 96.8 | 93 [94.3 | 70.1
erties |panding workability (0°) | A X X A X (@)
Bending workability (90°)| xx XX X X X @]
Overall evaluation g"gt wpoorokr- Higlg wPoorokr- tPoor h
OSt Lbilityl °°St hbiiityfStrenst

*Note: Cooling temperature at the temperature region of 800 to 600°C
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t hat when the content

cannot be obtai ne

wor kabi it

sufficient strength

ess than 0.20 % by wei ght,

il e when

is |

bendi ng

| ower ed.

is al so

resi stance
mount of the internetallic conmpound mainly

It
B%ﬁgﬂd heat

exceeds 0.90 % by wei ght,

e range.

b

y is ma
t he

.

Accordi ngly,
conprising NiBe a
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exceeding 0.1 [err]mis large, cracks are likely to be caused at working
due to such coarse grains. Thus, in the present invention—at—teast—45

"% of these internetallic conpounds shoul d be present as fine paptnggs W th
wor kability, etc. are

a diameter of 0.1 [err]mor |less. As stated above, in Tm srisiny g
bRl “ﬂﬂhl|lty
]
Example 2

I nvention, in order to nmake conpatible all of strength,
This example relates to aging materials, in

P
=7,

and heat resistance, etc., characteristics such as stre

which cast pieces of beryllium~copper alloys having the
compositions each shown in Tables 8 to 12 were subjected
to solution treatment, finishing working and then aging
treatment under the conditions shown in said Tables to
prepare products.

The results were examined for stress relaxation
ratio, hardness, tensile strength and bending
workability of the thus obtained products, and are also

shown in Tables 8 to 12 with overall evaluations.
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i nproved by Be, Si and Al. Also, in the present invention, in order to
suppress deformation in shape of the mater+al—at aging treatnent, the
amount of Be is decreased. Asdgte hQWRL i*lstrength acconpani ed by
decrease in Be, properties a;ﬁf eci pitation strengthening of

the intermetal li c conpounds "'”m

At —

[Table 8]
Aging materials Examples
Number 1 2 3 4 | 5 6 7
Be 0.9 [0.7 {1 |o6.9 J1.13]1.11{1.29
Ni , 0.6 |0.8 {0.87/0.8 |0.27{0.4 |0.6
Co o |o.07]0 Jo0.07|0.56 |0.47]0.27
a1 0.5 (1.5 |1 1 |o0.9 {0.2 |0.5
Compo-
sition |si 0.5 jo.s j]o |o [o.5 {1 |o.5
¥t 3 INiBecoB
1be oBe
(theosetical value) 0.69/1.00}1.00|1.00{1.00]1.00]1.00
NiBe+CoBe 0.60{0.74{0.73]0.69/0.71]{0.71]{0.76

{precipitated amount)

Ratio of fine particle 92 48 62 71 59 61 50

(%)
f:i;:;:guﬁge?fgint 910 | 905 | 900 | 910 | 900 | s00 | 885
3 *
Prepa- ?23};?9 temperature 45| 25| 30| 35| 30| 30| 25
ration .
condi- |Aging temperature (°C) | 340 | 360 { 345 | 350 | 345 | 345 | 340
tions
°P% |aging time (min) 300 | 100 | 180 | 120 90| s0] 120
Working ratio (8) 15 20 20 20 20 20 25
f§§§§5(§§13”5t1°“ 7| 9| 10| 12} 12] 13| 16
broo. |Raréness (Hv) 283 | 330 | 297 | 286 | 325 | 322 | 356
p- .
erties f:;;};:zit’ength 99.3| 110 | 104 |99.6| 109 | 109 | 111

Deformation amount (um)| 3 4 5 4 4 4 6

very
good

very|very|very

good | good | good good

Overall evaluation good | good

*Note: Cooling temperature at the temperature region of 800 to 600°C
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conprising Ni Be and CoBe, and solid solution strengthening owwng to Si, Al
and the like. Incidentally, anong the internmetal lic conpounds mainly
conprising NiBe and CoBe, an internetallic conpound such as NiAl[err],

Ni Si, etc. are also included in a little anbunt. Also, in addition to the

above-nenti oned conponents, Fe, Ti and C may be added as a sub-
conponent in the range of 0.05 to 0.5 % by wei ght.
[Table 9]
Aging materials Examples
Number 8 9 10 ] 11 | 12 | 13 | 14
Be 1.29(0.9 0.9 |1.11]1.11}(0.7 {0.7
Ni 0 1.05[0 0.5 }0.5 0.2 }0.4
Co 0.87|0 1.05/0.55/0.55/0.3 |0.,1
al 1.5 {0.5 {0.8 |O 1 2 0.5
Compo-
sition g4 0.9 {1.2 {0 0.6 {1.1 |0.2 |0.5
wt &
NiBetCoBe 1.00(1.21|1.21[1.21|1.21]0.58[0.58

(theoretical value)

?;gzzgggﬁated amount) |0-65|0-88]0.690.72/0.89)0.51] 0.45

Ratio of fine particle 51 48 61 70 52 63 71

(%)
Sclution treatment
temperature (°C) 890 } 900 | 915 | 905 { 895 | 905 ] 910
Cooling temperature*
Prepa- |(°C/s) 25 25] 30 35 25 30 35
ration .
condi~ (Aging temperature (°C) | 340 | 360 | 360 | 350 | 350 | 340 | 340
tions
Aging time (min) s0f120| 60| 50| 180 | 240 | 200
Working ratio (%) 35 30 18 36 25 20 20
Stress relaxation
ratio (8) 15 12 12 15 11 12 13
Hardness (Hv} 340 | 339 ] 276 | 283 | 335 | 342} 300
Prop-
erties |Tensile strength
(kgf/hm ) 109 | 107 |96.8;99.9} 111 ; 110 | 105
Deformation amount (um) 7 5 4 4 5 6 2
Overall evaluation good | good | good | good| good | good | good

*Note: Cooling temperature at the temperature region of 800 to 600°C

-
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These are conponents each of which contributes to inprove strength, and
particularly, Fe and Si are conponents which al so contribute to inprove
wprkability. The third characteristic feature of the beryllium copper alloy
of the present invention resides in that heat treatnment conditions are nade
flexible. The reason is that the precipitation tenperature of N Be or CoBe
has an extrenely w de tenperature range of 300 to 460[err]C, and the
treatnment tine dIBableasiogxtrenely w de

Aging materials Examples
Number 15 | 16 | 17 {18 | 19| 20 | 21
Be 0.9810.98{1.3 |0.81|1,08]0.92]1.05
Ni 0.52|{0.4 {0.49]/0.32[0.31|0.46}0.45
Co 0 0.12]0 0 0 o o
al 0 2.1 {0 2,0 [2.0 f1.9 [1.9
Compo-
sition |o, p.8 10.3 0.8 |0 [0 o o
wt §
NiBe+CoBe
(theoretical value) 0.60{0.60{0.57{0.37|0.36}0.53}{0.52
NiBe+CoBe 0.41/0.41]{0.39f0.31]{0.30/0.41]0.40

(precipitated amount)

Ratio of fine particle 01 72 51 62 90 89 83

(%)
Solution treatment
temperature (°C) 905 | 895 | 890 | 910 | 905 | 910 | 905
Cooling temperature*
Prepa- |{°C/s) 45 35 25 30 45 45 40
ration ,
condi- |A9ing temperature (°C) | 340 | 340 | 340 | 340 { 340 | 340 | 340
tions
Aging time (min) 160 50| 100 { 120 | 120 120 ] 120
Working ratio (8) 25 25 20 20 20 12 20
Stress relaxation
ratio (%) 7 5 8 8 4 4 4
Prop- Hardness (Hv) 275 | 347 |1 308 | 300 | 275 270} 275
ertles |Tensile strength 96.5| 112 | 106 | 204 {96.0{95.9|96.4

(kgf/mm2)
Deformation amount {um) 3 3 5 2 3 3 3

very|very
good | good

very|verylvery

good | good good | good | good

Overall evaluation

*Note: Cooling temperature at the temperature region of 800 to 600°C

R
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range of 15 minutes to 6 hours.

condi ti ons,

range of + 80 MPa (8 kgf/mmferr]).

And yet,

As a

even

result,

when

user side becones narkedly easy as conpared with prior art

In such w der treatnent
the variation range of tensile strength can be nade within the
the aging treatnent at the

[Table 11]
Aging materials Comparative Examples
Number 1 2 3 4 5 6
Be 0.47 0.47 0.47 0.47 1.06 1.06
Ni 1 0.97 0 0.2 0.7 1
Co 0.47 0.5 0.97 0.77 { 0.69 | 0.39
Al 0.2 1.5 0 3 3.5 0
Compo- [Si 0 6.5 0.5 0.6 { 1.5 8.1
S:ﬁf%? NiBe+CoBe
{theoretical 1.70 1.70 1.12 1.12 | 1.60 1.60
value)
NiBe+CoBe
(precipitated{ 0.71 1.10 0.56 0.76 0.98 1.085
amount)
Ratio of fine
particle (%) 2 29 9 38 10 21
Solution
treatment
temperature 915 905 915 905 890 905
(°C)
Cooling
temperature* 1 15 5 20 5 10
Prega- (oc/s)
ration
condi- [aging temper- ,
tions |ature (°C) 380 380 380 380 | 360 360
Aging time 60 120 100 | 100 60 300
{min)
- Working ratiof .4 20 20 20 20 20
(%)
Stress
relaxation 18 17 21 22 19 21
ratio (%)
Hardness (Hv) 198 269 211 300 276 248
_ |Tensile
Prop- | trength 69.2 94.4 74 93.8 | 97.1 87
erties (kqf/mm2)
Deformation
amount (zm) 2 4 2 15 17 3
Overall Poor Poor Poor g:?ﬁif g:gg:f Poor
evaluation strengthsttength%trengthmationmmtionftrength
*Note: Cooling temperature at the temperature region of 800 to 600°C
This Sheet Has Been Replaced
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-9- and the user's burden can be renmarkably reduced. Next,
preparation conditions of the present
cast piece prepared with the above-

i nvention wll

preferred
be expl ained. The
menti oned preferred conposition range

of conponents is subjected to hot working and/or cold working. The all oy of

t he present

workability as long as it satisfies

I nvention has essentially good hot workability and cold

[Table 12]
Aging materials Comparative Examples
Number 7 8 9 10
Be 1.54 1.56 1.69 1.69
Ni 0.2 0.11 1.1 0.
Co 0.41 0.5 0.11 1.2
Compo-
sition Al 0.1 1.5 0.2 0
wt %
Si 0.3 1 0 0.8
NiBe+CoBe (theoretical value) 0.70 0.70 | 1.40 1.38
NiBe+CoBe (precipitated amount)| 0.47 | 0.50 | 0.97 0.31
Ratio of fine particle (%) R 18 4 11
Solution treatment
temperature (°C) 870 860 865 860
* & -]
prepa- Cooling temperature* (°C/s) 1 10 2 5
ration
condi- |Aging temperature (°C) 340 340 345 345
tions .
Aging time {(min) 0 120 100 60
Working ratio (%) 20 15 20 25
Stress relaxation ratio.(%) 18 13 13 13
Hardness (Hv) 29% 298 301 310
Prop-
erties |gensile strength (kgf/mm2) 99,5 | 100 102 104
Deformation amount {um) 11 15 18 20
Excess |Excess |Excess |Excess
Overall evaluation defor-|defor-{defor-{defor-
mation|mationimation|mation

*Note: Cooling temperature at the temperature region of 800 to

Tlus Shcet Has Been Replaced

T
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t he above-nenti oned conposition range of the conmponents. Then, a solution
treatnent is carried out in order that.eLeﬂEﬂL§_LFLE%29§%pternetalIic
conmpounds such as NiBe, CoBe, etc. are sufficiently dissotved in the nother
phase as a solid solution. In this soIdﬁMﬂnﬁm@g&ﬁgﬂﬁmﬂf the treatment
tenperature is less than 880[err]'C, dis o ﬁn;-;_enents form ng
internmetal lic conmpounds into the alloy b ;.jI- cient and bendi ng

wor kabi lity of the product becones poor,
Example 3

SO

An alloy cast piece comprising the compositibn
containing 0.8 % by weight of Be, 0.8 % by we%ght of Ni,
0.07 ¢ by weight of Co and 1.0 % by weight of Al, and
the balance being substantially Cu was subjected to ﬁbt
working and then cold working according to conventional
method. After solution treatment at 910°C, the cast
piece was immediately cooled to room temperature at a
rate of 40°C/s. Then, after subjecting the cast piece
to finishing working with a working ratio of 20 %, aging
treatment was carried out with'varigus conditions. |

The results of the tensile strength measured
with respect to the thus obtained products are shown in
Fig. 1.

It can be clearly seen from the figure that, in
the present invention, good tensile strength can be
obtained with wide aging treatment conditionms.
Particularly, when it is carried out under preferred
conditions at a temperature of 320 to 380°C, extremely

excellent tensile strength could be obtained.

Industrial Applicability

The beryllium-copper alloy of the present
invention is advantageous in that it has high strength
and excellent bending workability, and yet deformation

amount at heat treatment is small even though the

-28-
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it is necessary to set the solution treatment tenperature as 880[err]C or

hi gher. After the above solution treatnent, the alloy is cooled to normal
tenperature. In the present invention, with regard to such a cooling
freatnment, it is inportant to carry out the cooling at a rate of 20[err]C's
or nore, for at least the tenperature range of 800[err]C to 600[err]C. The
reason is that the tenperature range of 800 to 600[err]Cis a range in

which internmetallic conpounds such as
contents of expensive Be is lowered than conventlonal

products.

Also, the beryllium-cqpper alloy of the present
invention has wide tolerable aging treatment conditigns,
and as shown in Fié. 1, when it is within the
temperature rénge of 320 to 380°C, even if the aging
treatment time is substantially changed in the range of
15 minutes to 6 hours, change in tensile strength can be
regulated within the range of * 8 kgf/mm2,

Therefore, the present invention .provides.
advantages that not only an electrically conducting
spring material having excellent properties can be
realized economically, but also users' burden for aging
treatment carried out by themselves can be markedly

reduced.

This Sheet ﬁl s Been, Replaced
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- 10 - NiBe, CoBe, etc., are likely precipitated with a_coarse grain—TFhus,
i f the cool rmg—rate—s—slower than 20[err]C's, nost part of the

ipternetalli! '
precipitatipﬁl

il EiAY r pitates as coarse grains, & Has Tpep
Or RN (1 Eﬂglﬁmwth a sufficient amount in [{EA REEHSH
agi ng or e oS Nl (I

*®

CLAIMS

1. A beryllium-copper alloy excellent in strength,
workability and heat resistance, having a composition
comprisings:

0.5 to 1.5 § by weight of Be;

0.3 to 1.5 $ by weight of at least one member
selected from the group of Ni and Co;

0.5 to 2.5 $ by weight of at least one member
selected from the group of Si and Al;
and the balance being substantially.Cu; said alloy
containing as an intermetallic compound NiBe or/and CoBe
in the range of 0.20 to 0.90 % by weight, at least 45 3
thereof being present as fine particles having a

diameter of 0.1 um or less.

2. A method for producing a beryllium—copper alloy
excellent in strength, workability and heat resistance
which comprises subjecting to hot working or cold
working a cast material having a composition comprising

6.5 to 1.5 % by weight of Be;

0.3 to 1.5 ¢ by weight of at least one member
selected from the group of Ni and Co;

0.5 to 2.5 % by weight of at least one nember
selected from the group of Si and Al;

and the balance being substantially Cu, subjecting the

-80-
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treat nent eannat_be expected. Such coarse grains make—werkability poor.
Accor di ngl yH present i nvention, after the solufjopn treatnment the

cool i ng sholJf ”"ﬂ(ﬂ t at arate of 20[err]C's '35 Beey Rephcelt €St
Sify L to 600[err]C. Mre prefer i (R}

the tenpera i
f gt nent

40[err]C/'s or nore. f'ncfde’htally, t he above-nenti oned -
after the solution treatnent is not limted only to the tenperature range

of 800 to 600[err]C, but it is
material to a solution treatment at a temperature of

800°C or higher, cooling at a rate of 20°C/s or more.
between the temperature range of at le%st 800°C to

600°C, subjecting the material to finishing working of 5
to 40 %, and then applying aging treatment to the |

material at a temperature of 300 to 460°C.

-31-
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needl ess to say that the same quenching treatnment thereafter, for exanple,

unti | roomtenperature, is advantageous for maintaining a‘SﬂiiLQ¥§ﬂ£‘\\\\\\\
anount of solid solution of the elenments for form ng an |ntq&m- allic

conpound. Here, as for cooling nmeans, any neans are effectlv?

the above-nentioned cooling rate can be ensured, and it is n i h
limted. Thus, water cooling, m st cooling, gas cooling, etc.!igE

ABSTRACT

In the present invention, in order to minimize
the amount of deformation due to heat treatment, the
content of Be is lowered than the conventional ones,-and
the decrease in strength accompanied by decreasing Be,
is compensated by dissolving strengthening of Si and Al,
and precipitation strengthening of intermetallic
compounds NiBe and CoBe. Further, by precipitating such
intermetallic compounds, workability and heat resistance
are also improved simultaneously aAd aging treatment
conditions are also made flexible.

Thus, according to the present invention, a
beryllium-copper alloy having excellent strength,
workability and heat resistance, can be provided
economically, and particularly, as for aging materials,

users' burden can be markedly decreased.

.32.
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particul arly advant ageously adopted. Then, finishing work is carried out to
finish the alloy to a shape of a product. At this tine, if the wor ki ng

ratio is | ess tian—59%—sufHeient strength cannot be obtained, while.if it
exceeds 40 %S_SQ%Egenwhlégdbl lity deteriorates so that the working ratio is
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lim‘ted to the range of 5 to 40 % The nore preferred working ratio is 10
to 20 % Subsequently, an aging treatnent is carried out to precipitate a

desired internetal lic conpound. Here, when the aging tenper] Aﬁumﬂ@mﬁngEEr

than 300[err]C, sufficient strength cannot be obtained. or,

obt ai ned, bendi ng workability deterlorates On the ot her h d it it

exceeds 460[err]C bendi ng wor kabi |l i tylal so deteri orates.
necessary to set The

SPECIFICATION

us, 0 i3t MAR 1997

BERYLLIUM-COPPER ALLOY EXCELLENT IN STRENGTH,
WORKABILITY AND HEAT RESISTANCE AND

METHOD FOR PRODUCING THE SAME

Technical Field

The present invention relates to beryllium-

copper alloys used as electrically conductive spring

materials for lead frames, terminals, connectors,

relays, switches, jacks -and the like, of which such

properties as strength, workability and stress-relaxation

are important, and a method for producing the same.

Background Art

Beryllium-copper alloys containing 0.2 to 0.3 %

by weight of Be in copper have been known heretofore as

electrically conductive spring materials and disclosed

in Japanese Patent Examined Publication No.

4-53936 by

the present applicant. As such beryllium~copper alloys,

there are aging materials of which an aging

treatment is

performed by users, and mill-hardened materials of which

aging treatment have been applied before shipping.

By the way, recently, due to an enhanced

miniaturization of electronic parts, higher

required also for beryllium-copper alloys.
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aging tenperature in a range of 300 to 460[err]C. Al so, th¢
be’ sel ected froma wide range of 15 nin to 6 hours. Mre p
treatment conditions are the tenperature of 320 to 380[err
of 20 mn to 3 hours, and further preferred treatnment cond
tenperature of ;330 to 360[err]C and the tine of 1 to 3 hou

[REBLAGEMENT. SHEET

eterred agi ng

<1 2073 Mg 1997

tfons are t
s.oThos . f+t—rs

possible to C]H@é&ﬁémia/'gé uorgté:ioxp derisgléi()s%lvcﬂle%h ipxa%rIlsl td

t r eat nent
1.8 to 2.0 % by weight).

= Qeg;

However, in these aging materials of such

beryllium-copper alloys, there have been disad
that deformation is likely to occur during agi
treatment and also setting up of treating cond
difficult dﬁe to narrow tolerance of aging tre
conditions. Therefore, there has been a probl
is not necessarily easy to attain the desired

characteristics by aging treatment at user's s
Also, in conventional mill-hardened material o
beryllium—~copper alloys, there have been probl
sufficient workability cannot be obtained and,
particular, bending workability is poor in ad
perpendicular to the direction of rolling. Fu
to heat resistance that can be regarded as an

long-term reliability, there has been a proble
stfess—relaxation ratio is large. Incidentall
stress-relaxation ratio is a value indicating

of spring properties for a long period of time
measuring method thereof is regulated in EMAS’

Electronic Manufacturers Association Standard)

vantages
ng

itions is
atment

em that it

ide.

£

ems that a
in
irection

rther, as
index of

m that

y, the
reduction
and the
(Japan

~3003 as

"Testing Method of Stress-Relaxation by Bending of

Spring Materials". According to this standard, the

stress-relaxation is defined as a phenomenon t
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deformation in an aging treatnent, is flexible in the aging t J—AQEMENT SHEET
conditions, and yet has excellent strength, bending workabilifty and heat

resi stance. -12 - Brief Description of the Drawing Fig. 1{i4 4 8rHAR 1997
showi ng the relationship

LO

3

stress generated in materials under a constant strain

decreases slowly with a lapse of time.

Disclosure of the Invention

The present invention contemplates to solve the
above-mentioned conventional problems advantageously.

It is an object of the invention to provide a beryllium-
copper alloy which is excellént in strength as a matter
of course, which can be used as an aging material having
a wide tolerance of the aging treatment conditionms,
i.e., flexible treatment conéitions so as to reduce the
burden at the user end by.making deformation at the
aging treatment difficult, and thch can be also used as
a mill-hardened material having excellent workapility
and heat resistance. It is a further object of the
invention to provide an advantageous method for
producing the same.

According to the present invention, there is
provided a beryllium—copper alloy excellent iﬁ strength,
workability and heat resistance, having a composition
containing '

Be: 0.5 to 1.5 % by weight,

at least one member selected from the group of Ni
and Co: 0.3 to 1.5 & by weight,

at least one member selected from the groﬁp of Si

and Al: 0.5 to 2.5 % by weight,
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between aging treatnent tinme and tensile strength of the ostEREﬁCBMENLcSHEET
with an aging treatment tenperature as a parameter. Best Mde[for Carrying
Qut the Invention Exanple 1 This exanple relates to mll-hafdén@d3 MAR 1997
materials, in which cast pieces of berylliumcopper alloys haying the
conposi tions each shown in Tables 1 to 7 were subjected to $olttton
treatnent, finishing working and 4

and the balance being substantially Cu, said alIgy
containing as an intermetallic compound NiBe or/and CoBe
in the range of 0.20 to 0.90 % by weight, and at least
45 % thereof being present as fine particles having a
diameter of 0.1 um or less.

Also, the present invention provides a method
for producing a beryllium-copper alloy which is
excellent in-strength, workability and heat resistance,
and which comprises subjecting to hot working and
subsequent cold working a cast maﬁerial having a
composition containing

Be: 0.5 to 1.5 % by weight,

at least one member selectéd from the group of Ni
and Co: 0.3 to 1.5 § by weight,

at least one member selected from the group of Si
and Al: 0.5 to 2.5 § by weight,
and the balance being substantially Cu, subsequently
;ubjecting the material to a solution treatment at a
temperature of 800°C or higher, cooling at a rate of
20°C/s or more between the temperature range of at least
800°C to 600°C, subsequently subjecting the material to
finishing working of 5 to 40 %, and then applying aging
treatment to the material at a temperature of 300 to
460°C.

In the pfesent invéntion,-strength, workability

and heat resistance to be attained as target are as

This Sheet Has Been Replaced
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t hen aging treatnment under the conditions shown in these Ta
products. The results were exami ned for stress relaxation r

tensile strength and bendi ng workability of the thus obtain
are also shown in Tables 1 to 7 with overall evaluations. |

products and

d_ewtaa% AR 193Pe

bendi ng workability was judged by eye by subjecting a test sjejci nen

avi ng

a plate thickness of 0.3 mmto bending working using a bendi
follows. 5

First, as to strength, it should satisfy a

tensile strength of 84 to 115 kgf/mm2.

As for workability, at the tensile strength of

84 to 97 kgf/mm2, when bending work is performed with a

R/t ratio (R: bending radius, t: plate thickness) of

1.0, it should be possible to perform good work in any

direction with respect to the direction of rolling.

Further, as to heat resistance, that is, a heat

treatment deformation amount, a deformed amount {change

in warpage amount) of a material before and after aging

treatment of a material having a size of 20 mm x 20 mm,

and a plate thickness of 0.3 mm should be 10 gm or less.

Furthermore, flexibility of the heat treatment

conditions in accordance with the present invention

should be such that a fluctuation of a tensile strength

is within the range of * 8 kgf/mm2 even when optional

aging conditions are selected.

In the following, the present invention will be

explained specifically.

The first characteristic feature of the

beryllium-copper alloy of the present invention resides

in that, in order to reduce deformation ‘due to heat

treatment, the content of Be is made 1.5 % by weight or

less which is mafkedly reduced as compared with the

conventional beryllium—-copper alloy. Nevertheless,

-
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toof so that the inner bending radius conme to 0.3 nm (Rt ratio = 1.0) in
gccordance with JIS Z 2248, then the bent surface was obsefpyeg—b

magni fying it by 30 tines. The directions of bending were E§LMMEN'EISHEET
direction (O[err]) and perpendicular direction (90[err]) t he -13F

03 MAR 1997

the eontent of Be is less than 0.5 § by weight, strength
is insufficient since a strengthening mechanism is not
effective. Accordingly, in the present invention, the
content of Be is limited in the range of 0.5 to 1.5 % by
weight. Incidentally, more preferred range of Be is 0.7
to 1.3 § by weight, and further preferred range is 0.9
to 1.1 % by weight.

The second characteristic feature of the
beryllium-copper alloy of the present invention resides
in that lowering in strength accompanied by decreasing
the content of Be as mentioned above is compensated by
composite addition of Si, Al and Ni, Co.

First, explanation will be made of Si and Al.
These are each dissolved in the Cu mother phase as a
solid solution and contribute to improvement in strength
by solid.solution strengthening mechanism. However,
when their ‘content is less than 0.5 % by weight,
strength and workability are insufficient, while when
the content exceeds 2.5 % by weight, conductiwvity,
rolling workability and soldering property are lowered
and also deformation due to heat treatment is promoted.
Accordingly, Al and Si are to be contained in the range
of 0.5 to 2.5 % by weight iA either case of single use
or in combination. More preferred range is 1.0 to 2.5 % '

by weight, and further preferred range is 1.5 to 2.5 %

by weight. -
ot Has Been Replaced

e
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direction of rolling, and expressed by [err]: no rough, [err]: a little
rough, [err]: markedly rough, x: cracks, and xx: rupture. m——y 4
det erm ne the amount of material deformation, small sp§@§ﬂ4“3§WEN¥1SBE

size of 20 x 20 mmwere cut fromthe materi al having a plajetfthickness of
0.3 mmin both longitudinal and width directions, and the pnpugty MR 1997
curvature were neasured before and after heat treatnent. Fpr}neasurenent qf

t he anpbunts of . 7

- Next, explanation will be made of Ni and Co.
‘These precipitate in the Cu mother phases an
intermetallic compound such as NiBe or CoBe, etc., and
contribute to improvement in strength due to their
precipitation strengthening mechanisms. And yet, by
precipitation of such an intermetallic compound, heat
resistance, etc, are also improved.

When precipitation strengthening is intended by
an intermetallic compound mainly comprising the above-
mentioned NiBe or CoBe, if the content of Ni or/and Co
is less than 0.3 % by weight, not only strength is
lowered but also grain size becomes coarse whereby
workability becomes poor. On the other hand, when the
content of Ni or/and Co exceeds 1.5 % by weight, the
amount of the intermetallic compound formed between Be,
Si, Al, etc. increases whereby bending workability
becomes poor. Accordingly, Ni and Co should be
contained in the range of 0.3 to 1.5 % by weight in
either case of single use or in combination. More
preferred range is 0.3 to 1.1 $ by weight, and further
preferred range is 0.3 to 0.7 § by weight.

Also, it is necessary that the amount of NiBe,
CoBe intermetaliic compounds to be precipitated, is in
the range of 0.20 to 0.90 % by weight. Tpe réﬁson is
that when the content is less than 0.20 % by weight,

sufficient strength cannot be obtained, while then it

This Sheet Has Been Replaced .
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curvature, a
for the heat

obtai ned, the stress relaxation ratio (permanent defornati EﬂMﬁEME’WaSHEET
obt ai ned by neasurenent using the cantilever beam net hod by] |joadrmg~—wttr

stress of 80

non-cont act type shape neasuring device was used. Further,
resi stance, anong the properties of the materigks—thus

% or |ess of 0.2 %proof stress at 200[err]C flor HP% Rﬂﬁrﬁm7

- 8

exceeds 0.90 % by weight, bending workability is

markedly lowered and heat resistance is also lowered.

Accordingly, more preferred amount of the intermetallic
compound mainly comprising NiBe and CoBe is in the range
of 0.20 to 0.60 $ by weight when it is used as a mill-
hardened matérial, whereas it is in the range of 0.30 to
0.75 % by weight when it is provided as an aging
material.

Further, in the NiBe and CoBe intermetallic
compounds, a size of the precipitate, i.e., a grain size
is impbrtant.. The reason is that even when the content
of the intermetallic compounds satisfy the above-
mentioned'preferred range, if the ratio of grainé
ekceeding 0.1 gm is large, cracks will likely caused at
working based on such coarse grains. Thus, in the
present invéntion, as for the intermetallic compound, at
least 45 % of the compound should be contained as fine
particles with a diameter of 0.1 wxm or less.

As stated above, in the present invention, in
order to make compatible all of strength, bending
workability and heat resistance, etc., characteristics
such as strength and bending workability, etc. are
improved by Be, Si and Al. “Also, in the\present
invention, in order to suppress deformati;n in shape of
the material at aging treatment, an amoint of Be is

decreased. As for lowering in strength acCempanied by

-
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-14- Table 1 MII|-hardened material s Exanpl es Nunber

1 2 3 4 5 6 7B 0.9
1.11 1.11 1.29 N ) 0.6 0.8 0.87 0.8 O. PgAﬁEMEMUﬁEEET
0 0.070 0.07 0.6 0.47 0.27

0 3 MAR 1397

decrease in Be, properties are improved by precipitation
.strengthening of the intermetallic compounds mainly
comprising NiBe and CoBe, and solid solution
strengthening owing to Si, Al and the like.

Incidentally, among the intermetallic compounds
mainly comprising NiBe and-CoBe, an intermetallic
compound such as NiAlj3, NiSi, etc. are also included in
a little amount.

Also, in addition to the above-mentioned
componénts, Fe, Ti, Cr, etc., may be added as a sub-
component in the range of 0.65 to 0.5 & by weight..
These are components each of which contributes to
improve strength, and particularly, Fe and Si are .
components which also contribute to improve workability.

The third characteristic feature of the
beryllium—copper alloy of the present invention resides
in that heat treatment conditions are made flexible.
The reason is that the precipitation temperature of NiBe
or CoBe has an extremely wide temperature range of 300
to 460°C, and the treatment time also has extremely widé o
range of 15 minﬁtes to 6 hours. And yet, even when in
such wider treatment conditions, the variation range of
tensile strength can be madé.within the range of
+ 8 kgf/mm2,

As a result, the aging treatment at the user

side becomes markedly easy as compared with- prior art
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0.5 0
0.69 1
0.5

5
([err]Q)

. 8
.00 1.00 1.00 1.00 1.00 1.00 (precipitated anmunt) 39082054

2 0.57 0.60 0.67 Ratio of fine 92 48 62 7
1 Sol ution treatnent 910 905 900 910 900 900 885 t%@p&ngtégé

0.5 1.5 1 1 0.9 0.2 0.5 sitiilon.Si

0 0.5 1 0.5 W % N Be+CoBe (theoretnmmgﬁ) SHEET

- 10

and-the user's burden canibe remarkably reduced.

Next, preferred preparation conditions of the
present invention will be explained.

To the cast piece prepared by the above-
mentioned preferred composition range of components is
subjected hot working and cool working. The alloy of
the present invention has essentially good hot
éorkability and cool wérkability as long as it satisfies
the above-mentioned composition range of the components.

Then, a solution treatment is carried out in
order that elements forming'intermetallic compounds such
as NiBe, CoBe, etc. are sufficiently dissolved in the .
mother phaSé as a solid solution. In this solution
treatment, if the treatment temperature is less than
880°C, dissolution of elements forming intermetallic
compounds into the alloy becomes insufficient and
bending workability of the product becomes poor, so thét
it is necessary to set the solution treatment
temperature as 880°C or higher.

After the above solution treatment, the alloy is
cooled to normal temperature. In the present invention,
with regard to such a coéling_treatment, it is impo;tant
to carry out the'cooling at a rate of 20°C/s or more,
for at least the temperature range of 800°C to 600°C.
The reason is that the temperature range of 800 to 600°C

s

is a range in which intermetallic compounds such as
ST
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Cool i ng tenperat ure* 45 25 30 35 30 30 25 Prepa- ([err]C.s
ration condi- Aging tenperature 340 360 345 3503 ¢ NT ET
tions ([err]C) Aging time (mn) 20 80 15 1 R

Wrking ratio (% 15 20 20 20 20 20 25 IStiress rel axati pn
10 12 13 14 15 14 18 ratio (% 0 3 MAR 1997
- 11

NiBe; CoBe, etc., are likely precipitated with a coarse
grain. Thus, if the cooling rate is slower than 20°C/s,
most part of the intermetallic compounds precipitates as
coarse grains, and as a result, precipitation of fine
grains with a sufficient amount in the subsequent aging
treatment cannot be expected. Such coarse grains make
workability poor. Accordingly, in the present
invention, after the solﬁtion treatment, the cooling
should be carried out at a rate of 20°C/s or more for at
least the temperature range of 800 to 600°C. More
preferably, it is 40°C/s or more.

Incidentally, the above—-mentioned quenching
treatment after the solution treatment is not limited
only to the temperature range of 800 to 600°C, but it is
.needless to say that the same quenching treatment
thereafter, for example, until at room temperature, is
advantageous for maintaining a sufficient amount of
solid solution of the elements for forming an
intermetallic compound.

Here, as for cooling means, any means are
effectiée as long as the above—ﬁentioned cooling rate
can be ensured, and.it is not.particularly limited.
Thus, water cooling, mist cooling, gas cooling, etc. are
particularly advantageously adopted.

Then, finishing work is carried out to finish

the alloy to a shape of a product. At this time, if the
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Har dness (Hv) 241 288 247 245 285 272 276 Prop- Tensile

strength erties (kgf/mjerr])** 84.5 94.6 86.7_..86 94.2 95.4
96. 8 Bending workability [err] (O[err]) Bendi ng worka ' [
(90[err]) Overall evaluation very good very very very veBEPgmmgugﬂIQSHEET

d d d d
good good good goo 03 MAR 1997

-
-
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Brief Description of the Drawing

Fig. 1 is a graph showing the relationship
between aging treatment time and tensile strength of the
obtained product, with an aging treatment temperature as

a parameter.

Best Mode for Carrying Out the Invention

Example 1

This example relates to mill-hardened materials,
in which cast pieces of beryllium-copper alloys having
the compositions each shown in Tables 1 to 7 were
subjected to solution treatment, finishing working and
then aging treatment under the conditions shown in these
Tables to prepare products.

The results were examined for stress relaxation
ratio, hardness, tensile strength and bending
workability of the thus obtained products, and are also
shown in Tables 1 to 7 with overall evaluations.

Incidentally, the bending workability was judged
with eyes by subjecting test specimen having a plate

thickness of 0.3 mm to bending working using a bending
tool so that the inner bending radius come to 0.3 mm,
(R/t ratio = 1.0) in accordance with JIS 2 2248, then
the bent surface was observed by magnifying it by
30 times. The directions of bending were made parallel

direction (0°) and perpendicular direction (90°) to the
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*Note: Cooling tenperature at the tenperature region of 800 to 600[err]C **

1 kgf/mferr] = 10[err]Pa -15- Table 2. MII|-hardened naterials
I nmb
Exanpl es Nunber 8 9 10 11 12 13 RMACEMENT SHEET
) 03 MAR 1997
T i3

direction of rolling, and@xpressed by ©: no rough, O:
a little rough, A: markedly rough, x: cracks, and xx:
rupture. |

Also, as to data for the amounts of material
deformation, small specimens with a size of 20 x 20 mm
were cut from the material having a plate thickness of
0.3 mm in both longitudinal and width directions, and
Ehe amounts of curvature were measured before and after
heat treatment. For measurement of the amounts of
curvature, a non-contact type shape measuring device was
used. _

.Fﬁrther, as for the heat resistance, amon§ the
properties of the materials thus obtained, the stress
relaxation ratio (permanent deformation amount) was
obtained by the measure using the cantilever beam method
at the time of loading the stress of 80 % or less of

0.2 § proof stress at 200°C for 100 hours.
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Be - 1.29 0.9 0.9 1.11 1.11 0.7 0.7 N
0. 1.05 0 0.5 0.5 0.2 0.4 0.87 0O 1.05
0.55 0.55 0.3 0.1 A 1.5 0.5 0.8 ¢ A Q
0.5 Conpo- sition Si 0.0 1.2 o  {REPLACEMERT SHEET
0.9 wt % Ni Be+CoBe (thoretical value) 1.00 1.00 1.21 1.21 1.21 0.58
0.58 (precipitated anount) 0.65 0.79 0.72 0.72 0.77 0.41 0}49 03 MAR 1997
- 14
(Table 1]
Mill-hardened materials ' Examples
Number 1 2 3 4 5 6 7
Be 0.9 /0.7 |1 0.9 }1.1%|1.11{1.29
Ni 0.6 0.8 |0.87/0.8 {0,27}0.4 0.6
Co Q 0.0710 0.07|0.6 [0.47{0.27
Al 0.5 |1.5 |1 1 0.9 0.2 |0.5
Compo-
sition {si 0.5 (0.8 {0 g 0.5 {1 8.5
e ® NiBe+CoB
iBe+CoBe
(theoretical value) 0.69(1.00{1.00{1.00{1.0071.00(1.00
NiBe+CoBe '
(precipitated amount) 0.39({0.82(0.54({0.52}0.57(0.60{0.67
Ratio of fine
particle (8) 92 48 “62 7% 60 58 51
Solution treatment )
temperature (°C) 910 | 905 | 90G | 910 | 800 | 900 | 885
Cooling temperature*
Prepa- |(°C/s) 45| 25| 30 35| 38| 30| 25
ration Aging temperature
condi- (G109 temp 340 | 360 | 345 | 350 | 345 | 345 | 340
tions [(°C}
Aging time (min) 20 80 15 10 15 20 15
Working ratio (%) 15 20 20 20 20 20 25
Stress relaxation
ratio (%) 10| 12 13| 14} 15| 14, 18
Hardness (Bv) 241 | 288 | 247 | 245 | 285 | 272 | 276
Prop- ([Tensile strength
erties | (kgf/mm2) 84.5[/94.6{86.7| B6 }94.2|95.4}96.8
?:g?xng workability o) A o o o) e A
?;gé;ng workability o A o) o) '®) '®)
. very very| very]very| very
Overall evaluation good good good | good | good | good good

*Note: Cooling temperature at the temperature region of 800 ta 600°C
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Ratiro of fine 53 55 61 72 49 60 70 pgkticle 9
Solution treatment 890 900 915 905 895 905 910 tenpée IReEP[J_AeEMEﬁﬂ'rmq:EET
Cool i ng tenperat ure* 25 25 30 35 25 30 35 Prgp
condi - Aging tenperature 340 360 360 350 35( 3% ﬁg@w
tions ([err]C) Aging time (mn) 15 15 10 . 2@ 3 20
- 15
[Table 2]
Mill-hardened materials Examples
Number 8 9 10 11 12 13 14
Be 1.29(0.9 |0.9 {1.11|1.11]|0.7 ;0.7
Ni 0] 1.05|0 0.5 [ 0.5 |0.2 {0.4
Co 0.87;0 1.05}0.55{0.55|0.3 0.1
Al 1.5 ;0,5 |0.8 [0 1 2 0.5
Compo-
sition [si 0.9 1.2 |0 0.6 1.1 (0.2 {0.9
we NiBe+CoBe
(theoretical value) 1.00/1.00(1.2171.21{1.21(0.58)0.58
NiBe+CoBe
(precipitated amount) 0.65{0.79|0.72}0.72}0.77|0.41({0.,40
Ratio of fine
particle (%) 53 55 61 72 49 60 70
Solution treatment
temperature (°C) 890 | 900 | 915 | 905 | 895 90§ 910
Cgolzng temperature* 25 25 30 35 25 30 35
Prepa- [{(°C/s)
ration :
condi- A?é“g temperature 340 | 360 | 360 | 350 | 350 | 340 | 340
tions =<y
Aging time (min) 15 15 10 20 30 35| 20
Working ratio (%) 35 30 18 36 25 20 20
Stress relaxation
ratio (%) 18 14 15 17 13 14 16
Hardness (Bv) 290 | 284 | 251 | 255 | 287 | 288 | 251
_ |Tensile strength
Pro? (kgf/mm2) 95.9]96.6| 88 |89.5{93.6194.2{88.1
erties v
. Bending workability 'e) A o) e A '®) o)
{0°)
Bending workability
(20°) A A A O A A (o)
Overall evaluatian good | good | good | good | good | good | good
*Note: Cooling temperature at the temperature region of 800 to §00°C
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Working ratio (% 35 30 18 36 25 20 20 (Stfess
relaxation ratio (% 18 14 15 17 13 REPLAGCEMEMNT SHEET
Har dness ( Hv) 290 284 251 255 287 288 251 |Priop EénsiTe
strength 95.9 96.6 88 89.5 93.6 94.2 88.1 (kgf/nn{err b M ge$?7es
Bendi ng workability [err] (O[err]) Bending workabilitly f
[{Table 3} 16
Mill-hardened materials Examples
Number 15 18 17 18 19 20 21 22
Be 0.98}0.98|1.3 |0.81{1.08|1.3 |[0.82|1.05
Ni 0.52(0.4 |0.49(0.32|0.31|0.1 |0.45|0.45
Co 1] 0.12|¢0 0 o] 0.3910 ¢]
Al a 2.1 10 2.0 [2.0 {2.0 [1.9 {1.9
Compo-
sition [Si 0.8 {0.3 [0.8 |0 Q 0.3 |0 0
vt 3 NiBe+CoBe
{theoretical 0.60(0.60{0.57{0.37;0.3670.57]0.53|0.52
value)
NiBe+CoBe
{precipitated 0.35|0.40|0.35|0.20({0.22|0.37{0.35}0.32
amount)
Ratio of fine
particle (%) 91 12 59 62 86 60 81 75
Solution treatment
temperature (°C) 905 ) 895 ] 890 | 910 { S05 | 880 ] 910 | 905
Cooling temper-
Prepa- ature* (°C/s} 45 35 25 30 45 25 45 40
ration i
condi- |(3gy7 TEMPETAtUTe 340 | 340 | 340 | 340 | 340 { 340 | 340 | 340
tions
Aging time (min} 15 60 45 20 20 30 20 30
Working ratio {8&) 25 25 29 2a 20 20 1z 20
Stress relaxation
ratio (%) 9 8 11 1o 4 ¢ 8 8
Hardness (Hv) 240 | 290 | 257 [ 240 | 259 | 290} 289 | 291
Tensile stzength
Prop- 84.2196.9 .2184. . . .9190,0
efties {kgf/mm2) 90.2 2190.496.3189
- Bending work-
Bending work-
ability (gou) @ A O O @ A @ O
. very|very very veryivery
Overall evaluation good | good good |good good good good | good

*Note:; Cooling temperature at the temperature region of 800 to 600°C
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(CgOl[err]% Overal | eval uation good good good good good good good *Note:
oling tenperature at the tenperature region of 800 to 6
-kgf /mm{err] = 10[err] Pa Table 3 MII-hardened materi al BEPLAtEMEm.lsHEET

Exanpl es
0 3 MAR 1997
- 17
[{Table 4}
Mill-hardened
materials Comparative Examples {Component)
Number 1 2 3 4 5 6
Be 0.47 0.47 0.47 0.47 1.06 1.06
Ni 2 0.97 0 0.2 0.7 1
Ca 0.47 0.5 0.97 0.77 0.69 0.39
al 0.2 1.5 0 3 3.5 0
Compo-
sition |8i o 0.5 0.5 0.6 1.5 .1l
vt % NiBe+CoBe
{theoretical 1.70 1.70 1.12 1.12 1.60 1.60
value)
NiBe+CoBe
{precipitated; 0.78 0.50 0.25 0.75 1.15 0.75
amount)
Ratio of fine
particle (%) 2 25 7 18 11 4
Solution
treatment
temperature 315 9905 915 905 8490 995
(°C)
Cooling
Prepa- ltemperature* 1 15 5 10 5 2
ration |(°C/s)
condi- :
. Aging temper-
tions ature (°C) 380 . 3840 380 380 360 3460
?giﬁ? time 30 40 30 30 60 20
‘:g;kmg ratiol o9 20 20 20 20 20
Skress
relaxation 21 19 22 26 21 24
ratio (%)}
Hardness (Hv) 148 251 161 266 289 198
Tensile
Prop- |strength 1.9 88.1 56.5 89.3 89.2 69.5
erties (kg£/mm2)
Bending work-
ability (0°) O X @ X XX A
Bending work-
ability (30°) A XX O XX XX X
Overall Poor :oo :]: Poor wE;O:k: ::: kt Poor
ion - st - ork~ | work- th
evaluation S :engthpbilityStrengthkbxlxtgpbxlxtyStreng

*Note: Cooling temperature at the temperature region of 800 to §00°C
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Nunber 15 16 17 18 19 20 21 22 Be

Q.98 0.98 1.3 0.81 1.08 1.3 0.92 1.05 Ni == 5 2Ol Qi Qg
0.32 0.31 0.1 0.46 0.45 Co 0 0.12 0 RE(PLACEMENT BHEET
0 0 Conpo- Al 0 2.1 0 2.0 2.
sition Si 0.8 0.3 0.8 O 0 0.3 10 &gp@o/m?
Ni Be+CoBe (theoreti cal 0.60 0.60 O. 57 0.37 0.36 0. 57 dg. 0 B
val ue) | - 18
{Table 5}
Mill-hardened materials Comparative Examples (Component)
Number 7 8 9 10 11
Be 1.54} 1.56 1.69] 1.69 1.05
Ni 0.2 0.11 {1.1 0 0.15
Co 0.41} 0.5 g.11} 1.2 Q
COmpo- Al 0.1 1.5 0.2 0 1]
sition
wt § |Si 0.3 h 0 0.8 a.9
NiBe+CoBe
(theoretical value) 0.70 | 0.70 1.401 1.40 0.17
NiBe+CoBe
(precipitated amount) 0.43| 0.46 1.05}) 1.02 0.09
?:?10 of fine particle 40 21 38 12 65
Solution treatment
temperature {°C) 870 860 865 860 805
Prepa- [Cooling temperature*
ration |(°C/s) 20 10 20 5 30
condi- |, ing temperature (°C) 3 45 350
tions |Pging temp 340 | 340 45 | 3
Aging time (min) 40 60 40 15 15
Working ratio (%) 20 15 20 25 20
Stress relaxation
ratio (%) 20 15 16 14 22
Hardness {Hv) 254 230 265 288 201

Tensile strength

Prop- |(kgf/mm2) g9.1| 96.8 | 93 | 94.3 | 70.1

erties |panding workability (0°) | A % X A X ©
Bending workability (90°)| xx XX ps X X ©
. Poor . Poor
Overall evaluation g:gt work- 3;22 work-— stizggth
jability lability

*Note: Cooling temperature at the temperature region of 800 to 600°C
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62
905 895 890 910 905 {89

tenperature ([err]C) Cooling tenper-

25

86

at ure*

59
Pr epa-

0.35 0.40 0.35 0.20 0.22 0.
72

91

‘particle (% Solution treatnent

Ni Be+CoBe (precipitated
anount) Ratio of fine

(Lerr]1¢9) 0 3 M 1997

45 25 45 40
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erties ability (O[err]) [err] Bl ending worKk- [err] ability
(90[err]) [err] Overall evaluation very very

very very good good good good good good good good *Note: @WE?ENT SHEET
tenperature at the tenperature reglon of 800 to 600[err]C 1* 11 f ]

= 10[err] Pa : d(g W@H

21

Example 2

This example relates to aging materials, in
which cast pieces of beryllium-copper alloys having the
compositions each shown in Tables 8 to 12 were subjected
.to solution treatment, finishing working and then aging
treatment under the conditions shown in said Tables to
prepare products. .

The results were examined for stress relaxation
ratio, hardness, tensile strength and bending
workability of the thus obtained products, and are also

shown in Tables 8 to 12 with overall ewvaluations.
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- 17 - Table 4 MIIl-hardened material s Conpar at frye—t=x-a i s
(Conponent) Nunber 1 2 3 4 |REPLACEMENT SHEET|
0. 47 0. 47 0. 47 0. 47 1.06 1.06 Ni 2 09T
0 0.2 0.7 1 _ ) ) .
| - 1| 03 MaR 1997
22
[Table 8]
Aging materials ' Examples
Number 1 2 3 4 5 6 7
Be 6.9 j0.7 |1 0.9 (1.1}|1.11|1.29
Ni 0.6 (0.8 {0.87(0.8 {0.27{0.4 0.6
Co 0 0.07|0 0.07(0.6 |0.47]0.27
Al 0.5 |1.5 |1 1 0.9 {0.2 {0.5
Compo-
sition {Si 0.5 (0.8 |O o 0.5 11 0.5
we s NiBe+CoB
iBe+CoBe .
(theoretical value) 0.69;1.00{1.0071.00(1.00{1.00{1,00
NiBe+CoBe
(precipitated amount) 0.60{0.74;0.7310.69(0,71(0.71L]|0.76
. : |Pret of fine particle | 45 | 45| 62 | 71| s9 | 61 | 50
Solution treatment
temperature (°C) 910 | 905 | 900 | 810} 900 | 900 | 885
Cooling temperature*
Prepa- |(°C/s) 45 25 30 35 30 30 25
ration .
condi- |[Bging temperature (°C) | 340 | 360 | 345 | 350 | 345 | 345 | 340
tions . . .
Aging time (min) 300 100 ) 180 | 120 S0 90 | 120
Working ratio (%} 15 20 20 20 20 20 25
Stress relaxation
ratio (%) 7 9 190 12 12 13 1ls
Hardness (Hv) 283 | 330 | 297 | 286 | 325 | 322 | 356
Prop-
erties |{Tensile strength
(kgf/mmz) 99,3} 110 ) 104 (99.6| 109 ] 109§ 111
Deformation amount {um) 3 4 5 4 4 4 6
. very veryjvery|very
Overall evaluation good good]goad good | good | good goad

*Note: Cooling temperature at the temperature region of 800 to 600°C

i
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oroo9
OaNOIN .
oo

0. 47 0.5 0. 97 0.77 0. 69 0.39 Al _
1.5 0 3 3.5 0 Conpo- sition Si
0.5 0.6 1.5 0.1 w % N Be+CoBe (theoret|i EMCEMEU’X wm
1.12 1.12 1.60 1. 60 val ue) Ni Be+CoBe (preci|pijtated 0. @7
0.25 0.75 1.15 0.75 03 MARY
- 23
(Table 9]
Aging materials Examples
Number 8 9 | 10} 11| 12 | 13} 14
Be 1.29/0.9 [0.9 |1.12f1.11{0.7 |0.7
Ni 0 1.05{0 0.5 |0.5 (0.2 |0.4
Co 0.87| ¢ 1.05/0.55|0.55{0.3 [Q.1
Compo- |t 1.5 {o.5s jo.8 [0 |1 |2 |o.s
sition {..
et g |51 0.9 [1.2 |o 6.6 |1.1 [0.2 |o.9
(thoesotical valuey  |1-00|1.21{1.21|1.21(1.21]0.58|0.58
NiBe+CoBe

(precipitated amount) 0.65/0.88/0.69/0.72{0.89|0.5L{0.46

Ratio of fine particle
(%) 51 48 61 70 52 63 71

Solution treatment
temperature (°C)

830 { 900 | 915 | 905 ] 895 905 | 10

Cooling temperature*
Prepa- |(°C/s) 25 25| 3¢ 35 25 30 35
rakion .
condi- |[Aging temperature (°C) | 340 [ 360 | 360 | 350 { 350 | 340 | 340
tions
Aging time (min} 501 120 60 S0 ] 180 | 240 | 200
Working ratio (%} 35 30 18 s 25 20 20
Stress relaxation
ratio (%) is 12 12 15 11 12 13
H
Prop- ardness (Hv) 340} 339 | 276 | 283 { 335 | 342 | 300
erties |Tensile strength
(kg £/mm2) 109 | 107 |96.8|99.9] 111 | 110 | 145
Deformation amount (um) 7 5 4 4 5 6 2
Overall evaluation good | good] good! good| good | gocd] good

*Note: Cooling temperature at the temperature region of 8G0 to 600°C
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amount) particle (9 2 25 7 18 11 RE Gsm-rltsmm
t enperature 915 905 915 905 890 90% H’UF
Cool i ng Prepa- tenperature* 1 15 5 10 5 2
ration ([err]C/s) tions ature ([err]CQ 380 380 3803 MAR 1997
360 360
(Table 10] 24
Aging materials Examples
Number 15 16 17 18 19 20 21
Be 0.98{0.98[1.3 {(0.81]1.08{0.92|1.05
Ni 0.52|0.4 [0.49]0.3210.3110.46|0.45
Co 0 0.12}10 a 4 0 o
Al 0 2,1 |0 2.0 |2,0 }1.9 {1.9
Compo-~
sition ig, 0.8 (0.3 |o.8 |0 ja o |o
wt §
NiBe+CoBe
(theoretical value) 0.60{0.60(0.57}0.37{0.36}0.53{0.52
NiBe+CoBe
(precipitated amount) 0.4170.41/0.39{0.31|0.300.410.4¢C
; Taste of fine particle | o) | 55 | 51| 62 | 90 | 89 | 83
Salution treatment
temperature {°C} 905} 895 | 890 | 810 | 805 | 910 | 905
Cooling temperature*
Prepa- |(°C/s) 45 35 25 30 45 45 40
ration ,
condi- |B9ing temperature {°C) | 340 | 340 ] 340 ; 340 | 340 [ 340 | 340
tions
Aging time (min} 180 50| 100 | 120§ 120 120 | 120
Working ratio (%) 25 25 20 20 20 12 20
Stress relaxation
ratioc (%) 7 5 8 8 4 4 4
Hardness (Hv) 275 ] 347 | 308 300 2754 270 | 275
Prop-
erties |Tensile strength
. . .9196.4
(kgf/mm ) 96.5f 112 | 106 | 104 {96.0}835
Deformation amount (gm) | 3 3 5 2 3 3 3
s very|very very|very}very
Overall evaluation good | good good | good good | good ]| good

*Note: Cooling temperature at the temperature region of 800 to 600°C
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Agi hg time 30 40 30 30 60 20 (min) Wrkin ‘
ratio 20 20 20 20 20 20 Stress| gm- %HEET
21 19 22 26 21 24 ratio (9% Hardnd 4
251 161 266 289 198 Tensile Prop- strength 51.9
88.1 56.5 89. 3 89. 2 69.5 -0 3 MAR 1997
25
[Table 11]
Aging materials Comparative Examples
Number 1 2 3 4 S 8
Be 0.47 0.47 0.47 0.47 1.08 1.06
MNi 1 0.97 0 0.2 Q.7 1
Co 0.47 0.5 0.97 0.77 0.69 0.39
Al 0.2 1.5 0 3 3.5 0
Compo- |Si 0 0.5 0.s 0.6 | 1.5 | 0.1
szi}:n NiBe+CoBe
{theoretical 1.70 1.70 1.12 1.12 1.60 1.60
value) .
NiBe+CoBe
{precipitated 0.71 1.10 0.56 0.76 0.98 1.05
amounk)
Ratio of fine
particle (%) 2 29 g 38 10 21
Solution
treatment
temperature 915 905 915 905 83840 305
(°C)
Cooling :
temperature* 1 15 S 20 5 10
Prel?a— (°C/$)
ration
condi- [Aging temper-
tions |ature (°C) 380 380 380 380 360 360
Aging time 50 120 100 100 60 300
{min)
Working ratiol 4 20 20 20 20 20
(8)
Stress
relaxation 18 17 21 22 19 21
s ratioc (%)
Hardness (Hv) 198 2869 211 300 276 248
_ |Tensile
Prop- | trength 69.2 | 94.4 74 39.8 | 97.1 | 87
erties {(kgf/mm2)
Deformation
amount {pm) 2 4 2 15 17 3
. i Excess|Excess
gz:izition sti:grthstf::;thstpogrtthE?r-dEEor-s“igg;th
_ gras rengtiimationimation[" -

*Note: Cooling temperature at the temperature region of 800 to 600°C
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ertires (kgf/mmferr])** Bending work- ability (O[err])

[err]

Bendi ng

wor K- [err] ability (90[err]) Overall Poor p LAGHMENI
Poor Poor Poor eval uati on strength work- strength -SHEET'
strength *Note: &mhngtmmmahueatthetmmmauuerego of 800 toO
600[err]C ** 1 kgf/mnjerr] = 10[err]Pa 03 MAR 1997
26
‘[Table 12]
Aging materials Comparative Examples
Number 7 8 9 1o
Be 1.54 1.56 1.68 1.89
Wi 0.2 0.11 1.1 Q
Co 0.41 0.5 0.11 1.2
Compo-
sition Al 0.1 1.5 G.2 0
wt 8
Si 0.3 i ¢ 0.8
NiBe+CoBe {theoretical value) 0.70 0.70 1.40 1.38
NiBe+CoBe (precipitated amount)| ¢.47 0.50 0.97 0.91
Ratio of Eine'particle (%) 1 18 4 11
Solution treatment
temperature (°C) 870 860 865 860
, %« ro
Prepa- Cooling temperature* (°C/s) 1 10 2 5
ration
condi~ |Aging temperature {°C) 340 340 345 345
tions
Aging time {min) 90 120 100 60
Working ratio (%) 20 15 20 25
Stress relaxation ratio (%) 18 13 i3 13
Hardness (Hv) 295 298 301 310
Prop-
erties jpensile strength (kgf/mm2) 99.5 100 102 104
Deformation amount (zm) 11 15 18 20
Excess|Excess|Excess{Excess
Overall evaluation defor-|defor-jdefor-|defor-
mation|mation mation{mation

*Note: Cooling temperature at the temperature region of 800 to 600°C
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-18- Table 5 MII-hardened material s Conpar ati ve Exanpl es (Conponent)

Nunber

0

7 8 9 10 11 B
1.54 1.56 1.69 1.69 1.05 Ni © (REPLACEMENT SHEET
03 MAR 1997
- 27
Example 3

0.15

An alloy cast piece comprising the composition
containing 0.8 % by weight of Be, 0.8 % by weight of Ni,
0.07 % by weigﬁt of Co and 1.0 $ by weight of Al, and
the balance being substantially Cu was subjected to hot
working and then cold working according to conventional
method. After solution treatment at 910°C, the cast
piece was immediately cooled to room temperature at a
rate of 40°C/s. Then, after subjecting the cast piece
to finishing working with a working ratio of 20 %, aging
treatment was carried out with various conditions.

The results of the tensile strength measured
with respect to the thus obtained products are shown in
Fig. 1,

It can be clearly seen from the figure that, in
the present invention, good tensile strength can be
obtained with wide aging treatment conditions.
Particularly, when it is carried out under preferred
conditions at a temperature of 320 to 380°C, extremely

excellent tensile strength could be obtained.

Industrial Applicability

The beryllium-copper alloy of the present
invention is advantageous -in that it has high strength
and excellent bending workability, and yet deformation

amount at heat treatment is small even though the

This Sheet Has Been Replaced
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Co 0.41 0.5 0.11 1.2 0 Conpo- Al

0.1 1.5 0.2 O 0 sitionw % Si 63

1 0 0.8 0.9 (theoretical value) 0.70 |RERLACEMENT SHEET
1.40 0.17 N Be+CoBe (precipitated anmount) 0.43 0.46] [IT-U5 1702

0.09 Ratio of fine particle 40 21 38 12 650 @O/%AR 1997

28

contents of expensive Be is lowered than conventional
products.

Also, the beryllium-copper alloy of the present
ipvention has wide tolerable aging treatment conditions,
and as shown in Fiq. 1, when it is within the
temperature range of 320 to 380°C, even if the aging
treatment time is substantially changed in the range of
15 minutes to 6 hours, change in tensile strength can be
regulated within the range of + 8 kgf/mm2.

Therefore, the present invention provides
advantages that not only an electrically conducting
spring material having excellent properties can be
realized economically, but also users' burden for aging
treatment carried out by themselves can be markedly

reduced.
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CLAIMS

1. A beryllium-copper alloy excellent in strength,
workability and heat resistance, having a composition
comprising:

0.5 to 1.5 % by weight of Be;

0.3 to 1.5 % by weight of at least one member
selected from the group of Ni and Co;

0.5 to 2.5 % by weight of at least one member
selected from the group of Si and Al;
and the balance being substahtially Cu; said alloy
containing as an intermetallic compound NiBe or/and CoBe
in the range of 0.20 to-0.90 % by weight, at least 45 %
thereof being present as fine particles having a

diameter of 0.1 um or less.

2. A method-for producing a beryllium-copper alloy
excellent in strength, workability_and heat resistance
which comprises subjecting to hot working or cold
working a cast material having a composition comprising

0.5 to 1.5 % by weight of Be;

0.3 to 1.5 % by weight of at least one member
selected from the group of -Ni and Co;

0.5 to 2.5 % by weight of at least one member
selected from the group of Si and Al;

and the balance being substantially Cu, subjecting the
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‘material to a solution treatment at a temperature of

800°C or higher, cooling at a rate of 20°C/s or more
between the temperature range of at least 800°C to
600°C, subjecting the material to finishing working of 5
to 40 %, and then applying aging treatment to the

material at a temperature of 300 to 460°C.
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BERYLLIUM-COPPER. ALLOY EXCELLENT IN STENGTH, WORKABILITY
AND HEAT RESISTANCE AND METHOD FOR PRODUCING THE SAME.

ABSTRACT

In the present invention, in order to minimize
the amount of deformation due to heat treatment, the
content of Be is lowered than the conventional ones, and
the decrease in strength accompanied by decreasing Be,
is compensated by dissolving strengthening of Si and Al,
and precipitation strengthening of intermetallic
compounds NiBe and CoBe. .Purther, by precipitating such
intermetallic compounds, workability and heat resistance
are also improved'simultaneously and aging treatment
conditions are also made flexible.

Thus, according to the present invention, a
beryllium-copper alloy having excellent strength,
workability and heat.resistance, can be provided
economically, and pa;ticularly, as for aging materials,

users' burden can be markedly decreased.

Figure 1

\
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BERYLLIUM COPPER ALLOY HAVING HIGH STRENGTH, MACHINABILITY
AND HEAT RESISTANCE AND PRODUCTION METHOD THEREOF

Technical Fiel

The present invention relates to beryllium-copper
alloys used as electrically conductive spring materials
for lead frames, terminals, connectors, relays, switches,
jacks and the like, of which such properties as strength,
workability and stress-relaxation-are important, and a
method for producing the same.

Background Art _

Beryllium-copper alloys containing 0.2 toc 0.3 % by
weight of Be in copper are known as electrically
conductive spring materials and disclosed in JP-B-4-53936
by the present applicant. As examples of such beryllium-
copper alloys, there are aging materials of which an
aging treatment is performed by users, and mill-hardeneq
materials to which aging treatment has been applied
before shipping.

In US 4792365, a process is disclosed for the
production of beryllium-copper alloys comprising 0.05 to
2.0 % by weight of Be, 0.1 to 10 % by weight of at least
one of Co and Ni, optionally 0.05 to 4 % of at least one
of 8i, Al, Mg, Zr, Sn and Cr in total amount and the
balance substantially Cu. The process involves casting,
solution heat treatment at BOO-IOGO’C, cold working,
annealing at 750-950°C and age hardening.

Recently, due to an enhanced miniaturization of
electronic parts, higher strength is required also for

beryllium-copper alloys. The



opa |

-#22 - Table 8 Agin al s Exa er
2 2,’,__5_.46———17—% 0. %
.11 1.11 1.29 N L 0.6 0.8 0.87 0.8 §EL. e bl Sﬂggr
T 0 0.70 0 0.07 0.6 0.47 0.27

S

18 AUG 1999

material- to be obtained is disclosed in JIS C 1720 (Be
1.8 to 2.0 § by weight).

However, in these aging materials of such
beryllium-copper alloys, there have been disadvantages
that deformation is likely to occur during aging
treatment and also setting up of treating conditionms is
difficult due to narrow tolerance of aging treatment
conditions. Therefore, there has been a problem that it
is not necessarily easy to attain the-desired

“characteristics by aging treatment at the user's side.
Also, in-conventional mill-hardened

beryllium~-copper alloys, there have been problems that a
sufficient workability cannot be obtained and, in
particular, bending workability is poor in a direction
perpendicular to the direction of rolling. Further, as
to heat resistance that can be regarded as an index of
long-term reliability, there has been a problem that
stress-relaxation ratio is large. The

stress-relagatioﬂ ratio is a value indicating reduction
of spring properties over a long period of time and the
measuring method thereof is regulated in EMAS (Japan
Electronic Manufacturers Association Standard)-3003
“Testing Method of Stress—Relaxation by Bending of
Spring Materials". According to this standard, the

stress-relaxation is defined as a phenomenon that the
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stress generated in materials under a constant strain

decreases slowly with a lapse of time.

Disclosure of the Invention

The present invention seeks to solve the
above-mentioned ' problems advantageously.
It is an object of the invention to provide a beryllium~
copper alloy which is excellent in strength as a matter
of course, which can be used as an aging material having
@ wide tolerance of the aging treatment conditions,
i.e., flexible treatment conditions so as to reduce the
burden at the user end by making deformation at the
aging treatment difficult, and which can be also used as
a mill-hardened material having excellent workapility
and heat resistance. It is a further object of the
invention to provide an advantageous method for
producing the same.

According to the present invehtioq, Fhere is
provided a berylli.um-copper alloy as set out in claim 1.

Also, the present invention provides a method
for producing a beryllium—-copper alloy as 'set out in claim

2.
In the present invention, strength, workability

and heat resistance to be attained as target are as
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First, as to strength, tensile strength of should

be 840 to 1150 MPa (84 to 115 kgf/mm*).

As for workability, at the tensile strength of

S 40 to 970 MPa (84 to 97 kgf/mm”), when bending work is performed with

a R/t ratio (R: bending radius,

t: plate thickness) of

- 1.0, it should be possible to perform good work in any

direction with respect to the direction of rolling.

Further, as to heat resistance, that is, a heat

-

treatment deformation amount, a deformed amount (change

in warpage amount) of a material before and after aging

treatment of a material having a size of 20 mm x 20 mm,

and a plate thickness of 0.3 mm should be 10 pm or less.

Furthermore, flexibility of .the heat treatment

conditions in accordance with the present invention

should be such that - -fluctuation of

tensile strength

is within the range of * 80 MPa .(B'kgf/mmﬁ) even when optional

aging conditions are selected.

In the following, the present invention will be

explained specifically.

The first characteristic feature of the

beryllium~copper alloy of the present invention resides

in that, in order to reduce deformation due to heat

treatment, the content of Be is made 1.

5 ¢ by weight or

less which is markedly reduced as compared with the

conventional beryllium-copper alloy.

Nevertheless, when

THIS SHEET HAS BEEN
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the content of Be is less than 0.5 § by weight, strength
is insufficient since a strengthening mechanism is not
effective. Accordingly, in the present invention, the
content of Be is limited in the range of 0.5 to 1.5 % by
weight. The more preferred range of Be is 0.7
to 1.3 § by weight, and a further preferred range is 0.9

to 1.1 & by weight.

The second characteristic feature of the
beryllium-copper alloy of the present invention resides
-in that lowering in strength accompanied by decreasing
the content of Be as mentioned above is compensated by
composite addition of S8i, Al and Ni, Co.

First, explanation will be made of Si and Al.
These are each dissolved in the Cu mother phase as a
solid solution and contribute to improvement in strength
by solid solution'strengthening mechanism. However,
when their content is less than 0.5 $ by weight,
strength and workability are insufficient, while when
the content exceeds 2.5 % by weight, conductivity,
rolling_workability and soldefing property are lowered
and also deformation due to heat treatment is promoted.
Accbrdingly, Al and Si are to be contained in the range
of 0.5 to 2.5 $ by weight in either single use
or in combination. The more preferred range is 1.0 to 2.5 %
by wéight, and a %urther preferred range is 1.5 to 2.5 &

by weight.
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Next, explanation will be made of Ni and Co.
These precipitate in the Cu mother phases as an
intermetallic compound such as NiBe or CoBe, etc., and
contribute to improvement in strength due to their
precipitation strengthening mechanisms. And yet, by
precipitation of such an intermetallic compound, heat
resistance, etc. are also improved.

When precipitation strengthening is intended by
an intermetallic compound mainly comprising the above-
-ﬁentioned NiBe or CoBe, if the content of Ni or/and Co
is less thar 0.3 % by weight, not only i$ strength
lowered but also grain size becomes coarse whereby
workability becomes poor. On the other hand, when the
content of Ni or/and Co exceeds 1.5 % by weight, the
amount of the intermetallic compound formed between Be,
S8i, Al, ‘etc. increases whereby bending workability
becomes poor. Accordingly, Ni and Co should be
contained in the range of 0.3 to 1.5 % by weight in
either single use or in combination. The more
preferred range is 0.3 to 1.1 % by weight, and a fuirther
preferred range is 0.3 to 0.7 % by weight.

Also, it is necessary that the amount of NiBe,
CoBe intermetallic compounds to be precipitated, is in
the range of 0.20 to 0.90 $ by weight. The reason is
that when the content is less than 0.20 § by weight,

sufficient strength cannot be obtained, while when it
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exceeds 0.90 % by weight, bending workability is
markedly lowered and heat resistance is also lowered.
Accordingly, the more preferred amount of the intermetallic
compound mainly comprising NiBe and CoBe is in the range
of 0.20 to 0.60 % by weight when it is used as a mill-
hardened material, whereas it is in the range of 0.30 to
0.75 & by weight when it is provided as an aging
material.

Further, in the NiBe and CoBe intermetallic
-compounds, size of the precipitate, i.e., . grain size
is important. The reason is that even when the content

of the intermetallic compounds satisfy the above-
mentioned preferred range, if the ratio of grains
exceeding 0.1 sm is large, cracks are likely to be caused at
working due to stich coarée grains. Thus, in the

present invention, at least 45 ¥ of these intermetallic compounds

should be present as fine -
particles with a diameter of 0.1 um or less.

Rs stated above, in the present invention, in
order’ to make compatible all of strength, bending
workability and heat resistance, etc., characteristics
such as strength and bending workability, etc. are
improved by Be, Si and Al. Also, in the present
invention, in order to suppress deformation in shape of
the material at aging treatment, the amount of Be is

decreased. As for lowering in strength accompanied by
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decrease in Be, properties are improved by precipztatlon
strengthening of the intermetallic compounds mainly
comprising NiBe and CoBe, and solid solution
strengthening owing to Si, Al and the 1like.

Incidentally, among the intermetallic compounds
mainly comprising NiBe and CoBe, an intermetallic
compound such as NiAlj, Nisi, etc. are also included in
a little amount.

Also, in addition fo the above-mentioned
components, Fe, Ti and Cr may be added as a sub-
component in the range of 0.05 to 0.5 $ by weight.

These are components each of which contributes to
improve stréngth, and particularly, Fe and Si are.
components which also contribute to improve workability.

The third characteristic feature of the -
beryllium-copper alloy of the present invention resides
in that heat treatment conditions are made flexible.
The reason is that the precipitation temperature of NiBe
or CoBe has an extremely wide temperature range of 300
to 460°C, and the treatment time also has extremely wide
range of 15 minutes to 6 hours.. And yet, even when in
such wider treatment conditions, the variation range of
tensile strength can be made within the range of
1_80 MPa (8 kgf/mma).

As a result, the aging treatment at the user

side becomes markedly easy as compared with prior art
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and the user's burden can be remarkably reduced.

Next, preferred preparation conditions of the
present invenéion will be explained.

The' cast piece prepared with the above-
mentioned preferred composition range of components is
subjected to hot working aﬁd/or cold working. The alloy of
the present invention has essentially good hot
workability and cold workability as long as it satisfies
the above-mentiocned composition range of the components.

- Then, a solution treatment is carried out in
order that elements forming intermetallic compounds such
as NiBe, CoBe, etc. are sufficiently dissolved in the
mother phase as a solid solution. In this solution
treatment, if the treatment temperature is less than
880°C, dissolution of.eleﬁents forming intermetallic
compounds into the alloy becomes insufficient’ and
bending workability of the product becomes poor, so that
it is necessary to set the solution treatment
temperature as 880°C or higher.

' After the above solution treatment, the alloy is
cooled t§ normal temperature. In the present invention,
with regard to such a cooling treatment, it is important
to carry out the cooling at a rate of 20°C/s or more,
for at least the temperature range of 800°C to 600°C.
The reason is that the temperature range of 800 to 600°C

is a range in which intermetallic compounds such as
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NiBe, CoBe, etc., are likely precipitated with a coarge
grain. Thus, if the cooling rate is slower than 20°C/s,
most part of the intermetallic compounds precipitates as
coarse grains, and as a result, precipitat;on of £fine
grains with a sufficient amount in the subsequent aging
treatment cannot be expected. Such coarse grains make
workability poor. Accordingly, in the present
invention, after the solution treatment, the cooling
should be carried out at a rate of 20°C/s or more for at
.Eeast the temperature range of 800 to 600°C. More
preferably, it is 40°C/s or more.

Incidentally, the above-mentioned guenching
treatment after the éolution treatment is not limited
only to the'tempe;ature range of 800 to 600°C, but it is
needless to say that the same quenching treatment
thereafter, for example, until room temperature, is
advantageous for maintaining a sufficient amount of
solid solution of the elements for fo;ming an

intermetallic compound.

Here, as for cooling means, any means are )
effective aslloﬁg as the above-mentioned cooling rate
can be ensured, and it is not particularly limited.
Thus, water cooling, mist cooling, gas cooling, etc. are
particularly advantageously adopted.

Then, f£inishing work is carried out to £finish

the alloy to a shape of a product. At this time, if the
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working ratio is less than 5 %, sufficient strengtn
cannot be obtained, while if it exceeds 40 &, bending
workability deteriorates so that the working ratio is
limited to the range of 5 to 40 %. The more preferred
working ratio is 10 to 20 %.

Subsequently, an aging treatment is carried out
to precipitate a desired intermetallic compound.

Here, when the aging temperature is less than
300°C, sufficient strength cannot be obtained or, even
-when obtained, bending workability deteriorates. On the

other hand, if it exceeds 460°C, bending workability
also deteriorates. Thus, it is necessary to set the
aging temperature in a range of 300 to 460°C. Also, the
aging time can be selectgd.from a wide range of 15 min
to 6 hours. More preferred aging treatment conditions
are the temperature of 320 to 380°C and the time of 20
min to 3 hours, and further preferred treatment
conditions are the temperature of 330 to 360°C and the
time of 1 to 3 hours. |

Thgs; it is possible to obtain a beryllium- -
copper alloy which has 1ittle heat treatment '
deformation in an aging treatment, is flexible in the
aging treatment conditions, and yet has. excellent

strength, bending workability and heat resistance.
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Brief Description of the Drawing

Pig. 1 is a gfaph showing the relationship

between aging treatment time and tensile strength of the

obtained product, with an aging treatment temperature ag

4 parameter,

Best Mode for Carrving Out the Invention

Example 1

This example relates to mill-hardened materials,

in which cast pieces of beryllium-copper alloys having
the compositions each shown in Tables 1 to 7 were
subjected to solution treatment, finishing working and
then aging treatment under the conditions shown in these
Tables to prepare products.

The results were examined for stress relaxation
ratio, hardness, tensile strength and bending
wor&;bility of the thus obtained products, and are also
shown in Tables 1 to 7 with overall evaluations.

Incidentally, the bending workability was judged
by éye by subjecting a test specimen having a plate
thicknesé of 0.3 mm to ﬁending working using a bending
tool so that the inner bending radius come to 0.3 mm,
{R/t ratio = 1.0) in accordance with JIS 2 2248, then
the bent surface was observed by magnifying it by
30 times. The directions of bending were made parallel

direction (0°) and peréendicular direction (90°) to the
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direction of rolling, and expressed by ©: no rough, O:
a little rough, A: markedly rough, x: cracks, and xx:
rupture.

Also, to determine the amount of material
deformation, small specimens with a size of 20 x 20 mm
were cut from the material having a plate thickness of
0.3 mm in both longitudinal and width directions, and
the amounts of curvature were measured before and after
heat treatment. For measurement of the amounts of

“curvature, a non-contact type shape measuring device was
used.

Purther, for the heat resistance, among the
properties of the materials thus obtained, the stress
relaxation ratio (permanent deformation amount) was
obtained by measurement using the cantilever beam method

by loading wath stress of 80 § or less of

0.2 ¢ proof stress at 200°C for 100 hours.
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Mill-hardened materials Examplas
Humber 1 2 3 4 5 & 7
Be 0.9 {0.7 |1 a.9.01.11}1.11]1.29
Wi 0.6 j0.8 |o0.87{0.8 |0.27{0.4 lo.5
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f:g‘;js(ﬁla"ati“ 10| 12] 13| 14 15| 14| 18
Hardness (Hv) 241 | 288 ) 247 | 245 285 | 272 | 276
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Table 2.
Mill-hardened materials Examples
Number 8 9 10 11 12 13 14
Be 1.2910.9 {0.9 {1,11}1.,11{0.7 |Q.7
Ni a 1.05{0 0.5 [0.5 10.2 |0.4
Co 0.87]4Q 1.05;0.55|0.55/0.3 |[2.1
al 1.5 }]0.5 (0.8 | O 1 2 0.5
Compo-~-
sition [Si 0.9 |1.2 |0 0.6 {1.1 [0.2 (0.9
wt &
- NiBe+CoBe
NiBe+CoBe
(precipitated amount) 0.6510.79 0.72'§.72 0.77(0.41]0.40
Ratio of fine ’
particle (%) 53 55 61 72 49 60 70
Solution treatment | g99 | goo | 915 | 905 | 885 | 05 | s10

temperature (°C)

Cooling temperature*
Prepa- | (°C/5) 25| 25| 30 35| 25/ 30| 35

ration 3 ;
condi- ?Eé?g temperature 340 | 360 | 360 | 350 | 350 | 340 | 340
tions
Aging time {min) 15 15 10 20 30 35 20
Working ratio (%) 35 30 18 35 25 20 20
Stress relaxation ' 3
ratic (%) 18 14 15 17 13 14 16
Hardness (Hv) 290 | 284 | 251 | 255} 287 ) 288 | 251
Prop- [fRSile SErcn9thT  les.s)se.6| 88 |89.5/93.6[94.2|88.1
erties
Bending workability
(0°) O A O O A O Lo
Bending workability \

Overall evaluation goad | good | good | good | good | goed | good

*Note: Cooling temperature at the temperature region of 800 to 600°C

** 1 Ygf/mm* = 10 Pa




Prepa- ([err]C s) condi—Aging tenper- 380 . 380 Yoy m
360 36 tions__ ature {fesr]C) Aging tine 60 1 FAVEEAR BET
100 60 300 (mn) Wrking ratio 20 20 2 20
20 20 Stress rel axation 18 17 21 2@8 AP 1999
21 ratio (9%
- 16 -
“Table 3
Mill-hardened materials Examples
Number 15 16 17 18 19 29 2] 22
e 0.98]0.98j1.3 |0.81}1.08|1.3 ]0.92]1.05
Ni 0.5210.4 |0.4910.32(0.31|0.1 [0.46|0.45
Co 0 0.124{0 Q v] 0.39(0 ]
Al t] 2.1 {0 2.0 }2.0 }2.0 }1.9 |1.8
Compa-
sition |8i 0.8 j0.3 |0.8 |O ] 0.3 |0 a
vt % NiBe+CoBe
- {theoretical 0.60{0,60{0.57/0.37}0.36|/0.57{0.53]0.52
yalue) .
NiBe+CoBe
{precipitated 0.35|{0.40/0.35{0.20(0.22{0.37{0.35]0.32
amount)
Ratic of fine :
- particle .(8) _ 91 72 59 62 86 §0 81 75
Solution treatment
temperature (°C) 9051 8951890 | 910 | 905 | 880 | 910 SGF
Cocling temper-~
Prepa- |ature* (°¢/s) 45 35 25 . 30 45 25 45 40
rati 4
condin (35)8 temperature | 340 340 | 340 | 340 | 340 | 340 | 340 | 340
tions '
Aging time (min) 15 60} 45| 20| 20} 30| 20| 30
Working ratio (%) 25 251 20} 20f 20} 20 12] 20
Stress relaxation - :
ratio (%) . -] 8 11 10 4 10 8 8
Hardness (Hv) 240 | 290 ) 257 | 2401 259 ) 290§ 289 | 291
Prop- |[Rre i3It 184.2[96.9(90.2(84.2]90.4|96.3{89.550.0
erties
Bending work- .
ability (0°) ©e|o0Oj0|l©}]O0|O|]0O}0O
Bending work-
ability (90°) clajO0Oj]Oj@Q@|l &€} 0O
' very|very very very|very
. |Overall evaluation good |good good [good good gpad good|good

*Note: Cooling temperature at the temperature region of 800 to 600°C
** 1 kgf/m* = 10’ Pa




Strength

“(kg/ i err])** Deformation
anount ([err]m Overall

eval uati on
mat i on

Har dness ( Hv) 198 211 300 276 248 ﬁgﬁifﬁm$eﬁek+e——~
69 2 94 4 74 99.8 97.1 87 ABEMENT SHEET}
2 4 2 15 PLACEMENPEHECT
Poor Poor Poor Exdesgs ﬁgﬁ 19 of
strength strength strength defor- defor- strgntjh t
- 17 -
Table 4
Mill-hardened ,
matarials Comparative Examples (Component)
Numbexz 1 2 3 4 5 6
Be 0.47 0.47 0.47 0.47 1.06 1.086
Ni 2 4.97 g 8.2 a.7 1
Co 0.47 0.5 g.97 a.77 0.89 0.39
Al 0.2 1.5 Q 3 3.5 Q
Compo~
sition 81 0 0.5 g.5 0.6 1.5 0.1
vt % NiBe+CoBe
{theoretical 1.70 1.70 1.12 1.12 | 1.80 1.60
value)
NiBe+CoBe
{precipitated] 0.78 0.50 0.25 0.75 1.15 0.75
amount)
Ratio of fine
Solutien
treatment
temperature gls 905 815 905 8sa 905
{°c) '
Cooling
Prepa- |temperature* 1 15 5 10 5 2
ration 1(°C/s)
condi-
3 Aging temper-~
tions lature (°C) 380 380 380 380 | 360 360
Agzng time .
{min) 30 40 30 30 60 20
?g?k‘“g ratio] 9 20 20 20 20 20
Stress
relaxation 21 " 18 22 26 21 24.
ratio (%)
Hardness (Hv) 148 251 l6l 2686 289 198
Tensile
Prop- st:ength e . 51.9 88.1 56.5 89.3 89.2 65.5
erties (kgféhm } «
g * |Bending work-
&bilil‘.’ (0‘) O X (o] X XX A
Bending work-
ability (30°) A XX O XX XX X
Poor Poor | Poor
Qverall Poor Poor Poor
work- work~ | work-
evaluation FtrenqthhbilitlStrengthpbilitybbilityStrength

*Note: Cooling temperature at the temperature region of 800 to 600°C

*+ 1 kgf/mm* = 10'Pa



-
*Not e: Cooeli-pg—tenperdature at the tenperature region of 8
1 kgf/m{err] = 10[err] Pa - 26 - Table 12. Aging mater} FQ.AWE‘IW}SEE.
“Conpar ative Exanpl es Number 7 8 e -%N*
1 8 A5
- 18 -
Table §
Mill-hardened materials Comparative Examples (Component)
Number 7 8 g 10 11
Be 1.54 ] 1.56 j1.69 1.689 1.05
Ni g.2 g.11 (1.1 a Q.15
Co 0.41} 0.5 g.11} 1.2 0
Compo- |AL 6.1 [ 1.5 |0.2 |0 0
sition
wt & |[Si 0.3 1 . ] 0.8 0.9
NiBe+CoBe
(theoretical value} 0.70) 0.70 |1.40 | 1.40 0.17
KiBe+CoBe
(precipitated amount) 0.43{ 0.46 [1.05 1'02. 0.09
Ratic of fine particle 40 21 38 12 85
(%)
- Solution treatment ]
temperature (°C) - 870 860 865 860 . 805
Prepa~ [Coocling temperature+
ratiaon |(°C/s) 20 i0 20 5 39
gondi | oing temperature (°C) | 340 | 340 | 345 | 345 350
tions g P
Aging time (min) 40 80 40 is 15
Working ratio (%) 20 1is 20 25 20
Stress relaxation
ratic (%) 20 15 16 14 22
Hardness (Hv) 254 | 290 | 265 | 288 201
{Tensile strength- .
Prop- |(kgf/mm2)™% 89.1} 96.8 | 93 94.3. 70.1
erties (pending workability (0°) | A XX A % o]
Bending workability (90°)| xx XX % XX (o]
. Poor . Poor
High High Poor
Overzll evaluation work- work-
i °°Stjbility costjabnity strength

*Note: Cooling temperature at the temperature region of 800 to 600°C

*% 1 kgf/mm* = 10" Pa
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Table 6
Mill-hardened materials Comparative Examples (Solution treatment) {Aging)
Number | 12 13 14 15 16 17 18
Be 1.04 1 0.9 1.29 0.7 1.04 1
N . 1 0.87 0.8 0.6 0.2 1 0.87
Al 0.6 0 1 0.5 2 0.6
Composition ’
vt § si 0.3 1 0 0.5 0.2 0.3 1
NiBe+CoBe (theoretical value) 1.42 1.00 1.00 1.00 0.58 1.40 1.00
NiBe+CoBe (precipitated amount) 0.95 0.85 0.61 0.58 0.41 1.15 0.85
Ratio of fine particle (%) 9 10 14 17 31 6 10
Solution treatment temperature (°C) 845 860 855 860 855 905 900
Cooling temperature* (°C/s) 10 5 15 25 2 30 20
Preparation °
‘conditions |M9ing temperature (°C) 360 350 350 340 340 270 280
Aging time (min) 30 15 10 15 35 120 100
Working ratio (%) 15 25 25 35 30 25 20
Stress ralaxation ratio {8) 18 15 16 19 17 17 14
Hardness (Hv) 230 249 246 253 235 240 215
29
ami.ﬁm strength (kgf/mm?) 81 87.2 86.5 88.9 B2.6 83 81.2
Properties lpanding workability (0°) A X A X XX (o) o
Bending workability (90°) X X ps XX XX 0] o
P
Overall evaluation soonoxn.. %oanown.. zﬂﬂorn.. _ﬂcnown.. :Mo...ﬂm. Poor Poox
ability | abiiity | ability | ability | ability | Strength|strength

* Note: Cooling temperature at the temperature region of 800 to §00°C

*x 1 kgf/mm? = 10’ Pa
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Sol ution treatnent

{[err] Q) Prépa-
relaxation ratio (%

Table 7. ] ’ m
Mill-hardened materials Comp wnn&m%%:%ﬂwan les ..“noauwnmn?u Examples (Working ratio)
Rumber 19 ‘20 21 22 23 24 25 26
Be 0.9 1.29 0.7 1.04 | 1 0.9 1.29 | 0.7
Ni 0.8 0.6 0.2 1 0.87 0.8 0.6 0.2
Co 0.07 | 0.27 0.3 0.23 | o 0.07 0.27 | 0.3
Al 1 0.5 2 0.6 0 1 0.5 2
Composition oy 0 0.s | 0.2 | 03 |1 0 0.5 | 0.2
|NiBetCoBe (theoretical value) 1.00 1.00 0.58 1.42 1.00 1.00 1.00 0.58
NiBe+CoBe (precipitated amount) 0.75 | 0.65 0.50 0.86 | 0.61 | 0.55 0.67 | 0.30
Ratio of fine particle (%) 13 23 20 19 11 n 49 10
Solution treatment temperature (°C) 910 885 205 205 900 910 885 905
Cooling temperature* (°C/s) 15 10 15 10 5 15 25 5
Prepacation |aging temperature (°C) 420 400 300 360 350 350 340 340
Aging time (min) 5 10 60 20 10 5 8 10
Working ratio (%) 15 35 20 - 60 50 60 70 80
Stress relaxation ratio TZ 14 18 17 15 - 11 13 16 13 ]
Hardness (ilv) 244 213 228 262 251 253 270 270
Tensile strength (kgf/mm2) ¥¢ 85.5 | 95.1 81.5 | 91.3 | 89.2 | 88.5 | 96.1 | 94.5°
Properties Bending workability (0°) Ja x o X JAY X X X X
Bending workability (90°) X XX @. X X L XX XX XX
Overall evaluation zﬂonﬂn... aﬂonﬂm. mnwuunnr %oo%rn« .ﬂonown.. :ﬂonﬂm.. .Muonﬂn.. cﬂoncwn...
abilitylability 9™ abilitylabitity]abilitylabilitylability

* Hote: Cooling temperature at the temperature region of 800 to 600°C

*k ]

kgf/mm* = 10" Pa




Har dness (Hvj——mw— 295 298 301 3 1 P RO Pt Gy
Tensile strgngth(kgf/mp)** 99.5 100 102 10MRERACERENDOHEET
Freess—EXCesS]

“amount ([err]m. “7”"“V“IT- 15 18 20 Excesp
Excess Overall: evaluatlon def or- defor- defﬂH%%iﬁFgﬁng h?n
mati on nation ‘natizen- * Not e: Cooling tenmperature at the tenpefa g&@

of 800 to 600C ** 1 kgf/mjerr] =10Feki] Pa

Example 2

This example relates to aging materials, in
which cast pieces of beryllium-copper alloys having the
compositions each shown in Tables 8 to 12 were subjected
to solution treatment, finishing working and then aging
treatment under the conditions shown in said Tables to
prepare products.

The results were examined for stress relaxation
ratio, hardness, tensile strength and bending’

“workability of the thus obtained products, and are also

shown in Tables 8 to 12 with overall evaluations.




-27 - Exanpl

n_alloy cast piece having
0. 07 % by wei ght of

% by wei ght of N,

.weight of Be, 0.8

wei ght of Al, 7and___ t he__b'al__ ance being substantially Cu was supj

t he conposi'

- 22 -
Table 8
Aging materials Examples
Wumber 1 2 3 4 5 6 7
Be 0.9 {0.7 {1 jo.9 [1.11]1.11]1.29
Ni 0.6 |0.8 |0.87/0.8 |0.27{0.4 [0.5
Co a la.07le  |o.07l0.6 {0.47]0.27
; al 0.5 j1.s fx {1 o.9 |o.2 lo.5
ompo-
sition [gi 0.5 0.8 |0 Jo Je.s |1 [|o.5
wt 8 -
f;ﬁ::g:iical value) 0.65[1.00{1.00]1.00|1.00]1.00|1.00
?;g::f;giated amounty | 0-69]0-74]0.73{0.69/0.71]0.71]0.75
- ?§§1° of fine particle | o5 | 45 | 62 | 71| 59 | 61 | s0
g:;;:;:§u§§°72§§“t 910 | 905 { sog | 910 | s00 | 500 | 8ss
prepa- |(voje)s ConPeratuTet | 4s| 25| 30| 35 30 30| 25
ration . o
condi- |Aging temperature (°C) | 340 | 360 | 345 | 350 | 345 | 345 | 340
tions | ging time (min) 300 100 180 { 120 | 90| 90| 120
Working ratio (%) 15 20 20 20| 20 20 25
§§§§§5(§§13xat‘°“ 7 o | 10! 22| 22| 13| 18
prop [Fasdness (2v) 283 | 330} 297 | 286 | 325 | 322 | 356
erties e ran2) o Ith 99.3| 110 | 104 |9s.6] 108 | 108 | 111
Deformation amount (um}| 3 4 5 4 4 4 6
\ very very|very}very
Overall evaluation good good | good good | good| good gopd

*Note: Cooling temperature at the temperature region of 800 to 600°C
*+ 1 kgf/mm* = 10 Pa




morking—and—T+m#rfxﬂ1+ﬂmmﬂd-ng according to a conventi onal

.solution treatnment ar 9toferr]C, the cast piece was inmed
after subj

roomtenperature at a rate of 40[err]C s,

Then,
piece to finishing working with a working ratio of 20 %
was carried out with various conditions.
strength neasured with respect to the23hus obtai ned productis

The results of th

a
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are. shown. e

rTie Cdadsl

Fig. 1. !
Table 9
Aging materials Examplas
Number 8 g 1Q 11 12 13 14
Ba 1.2910.9 (0,9 }1.11§{1.11}0.7 |0.7
Ni [} 1.05)0 0.5 0.5 |0.2 0.4
Co 0.87|0 1.05]0.55]0.55]0.3 {0.1
Compo- [P 1.5 le.s je.8 jo (1 |2 Ja.5
sition |,.
Wt & 5 0.9 j1.2 ;0 0.6 1.1 10.2 }0.9
NiBe+CoBe
(theoretical value) 1.0011.2111.21{1.2%|1.21 q.58 0.58
NiBe+CoBe :
. ?:;10 of fine particle 51 | 48 61 10 52 63 71
Solution treatment
temperature (°C) 880 | 900 | 915 805 | 895 | 3054 910
Cocling temperature*
Prepa- |(°C/s) 25 25} 3¢ 35 25 30 35
ration .
condi- {Aging temperature (°C) | 340 { 360 | 360 { 350 | 350 | 340 | 340
tions
Aging time {min) 50| 120 60 501 180 | 240 ; 200
Working ratio (%) 35 30f 18 36 25 20 20
Stress relaxation
ratic (8) 15 12 12 15 11 12 .13
Prop- Hardness (Hv) 340} 339 | 276 | 283 | 335 | 342 | 300
erties |[Tensile strength
(kg£/mm2) ¥ 109 | 107 {96.8)99.9| 111 | 110 105
Deformation amount (um) | 7 5 4 4 5 6 2
Overall evaluation good| good | good] good ] good | good| good

**1'(9

fimm” = 107 Pa

*Note: Cooling temperature at the temperature region of 800 to 600°C



Particularly, when it is carried out under preferred condit Rﬁg&iﬁﬂgEmTSH E
tenperature of 320 to 380[err]C, excellent tensile strengthjceul 1999
obt ai ned. Industrial Applicability The beryllium copper all e

present invention is advantageous in £Bat it has high strength

It can be clearly seen fron1the.figure that, in the presentiﬁﬁpg

.tensile strength-can heonrdined with wde aging treatment go fjgggﬂgNngﬂgtT
ifo
y

Table 10
Aging materials Examples
Number 151 16 1 17} 184} 19} 20| 21
Be 0.98{0,98/1.3 |0.81/1.08{0.92([1.05
Ni 0.52]0.4 |0.4910.32{0.31}0.46|0.45
Co 0 0.12(0 0 0 0 0
Al 0 2.1 10 2.0 /2.0 |1.9 [1.9
09mgo-
sition |o; 0.8 0.3 (0.8 {0 o [0 o
wt §
NiBe+CoBe
(theoretical value) 0.60{0.60/0.57}{0.37/0.35]0.53}0.52
NiBe+CoBe 0.41]0.41{0.39{0.31{0.30]0.41|0.40

{precipitated amount)

-y

. ?a?io of fine particle 91 72 51 62 90 89 83
8 A

i:;;g;:’éu;‘:e?fg‘;'“ 905 | 895 | 890 | 910 | 05 | 910 | 905
Prepa- fﬁg}iyg temperature* 4s{ 3s| 25| 30| as| 45| 40
ration . o
condi- |Aging temperature (°C) | 340 | 340 | 340 | 340 | 340 | 340 ] 340
tions
Aging time (min) 160 50 100 120} 120 | 120 | 124
Working ratio (%) 25 | 25| 20| 20} 20} 12| 20,
Stress relaxation
Prop- Hardness (Hv) 2751 3471 308 | 300 ] 275 | 270 | 275
-erties ?fggjizziiiength 96.5| 112 | 106 | 104 |96.0/95.9{96.4]

Deformation amount {zm) 3 3 5 2 3 3 3

. very| ver very| very| very
_loverall evaluation goog goog good | good goog good | good

*Note: Cooling temperature at the temperature region of 800 to €00°C
** | kgf/mm* =.10 Pa



and excellent bending workability,

and yet deformation anoun

REPLATEMENT. SHEET

treatnment is smal] even though the - 28 - contents of exp
| ower ed than conventional products. Al so, the berylliun}coppé?FQMCQ%ﬁﬁgﬁﬁggr
pr esent 18 -
! - 25 -
Table 11
Aging materials Compazative Examples
Rumber 1 2 3 4 5 6
Be 0.47 0.47 0.47 0.47 1.06 l1.08
Ni 1 G.87 o} 0.2 e.7 1
Co 0.47 .5 0.97 0.77 0.69 0.39
al 8.2 1.5 1] 3 3.5 Q
Compo~ {81 a g.s 6.5 0.6 | 1.5 0.1
s:'i;.:u;n NiBe+CoBe
{theoretical 1.70 1.7¢0 1.12 1.12 | 1.880 1.60
value) -
NiBe+CoBe
-1{precipitated| 0.71 1.10 0.56 0.76 0.98 1.05
] amount)
~ Ratio of fine -
) ' . particle (%) 2 25 g 38 10 21
Solution
treatment
temperature 815 805 -h 31 05 8340 905
(°cy
Cooling
temperature* b 15 5 20 5 10
Prega—- (°C/S) .
ration
condi- |Aging temper-
tions [sture (°C] 380 380 380 380 | 360 360
Aging time
. 60 120 100 100 60 340
{min)
- Working ratio} ), 20 20 20 | 20| -20
(%)
Stress
relaxation 1s 17 21 22 19 21
ratio (%)
- |Bardness (Ev) 198 269 211 300 276 248
- |Tensile
Prop- | trength 69.2 | 94.4 74 99.8 | 97.1 87
erties (kgf/mmz)"“"
Deformation
amount ( zm) 2 4 2 15 17 3
Excess[Excess
Overall Poor Poor Poor b Poar
evaluation strengthistrengthistrength gﬁf‘i’gn g:‘:ggn strength

*Note: Cooling temperature at the temperature region of 800 to 600°C

*% 1 kgf/mm* = 10" Pa



i nvention has wide tolerahle aging treatment conditions, andREBLkﬁﬁuﬁmﬁWSHEET

Fig. 1, wienit is wthin the tenperature range of 320 to 380

if the aging treatnent tinme is substantially changed in the

mnutes to 6 hours, change in tensile strength can be regul ate ﬂ&fﬁ#ﬁ@ﬁ%@tﬁﬁE:

range of [err] 80 MPa (8 kgf/mjerr]). Therefore, the preseptid-nRvention-

>

-
T

provi des advantages that not-only am @eectrically conducting spring
mat eri al havi ng excel |l ent properties can be
‘Table 12
1 Aging materials Comparative Examples
Number 7 8 9 10
Be 1.54 1.56 1.69 1.69
Ni 0.2 0.11 1.1 ¢]
Co 0.41 8.5 0.1} 1.2
Compo~
sition Al g.1 1.5 0.2 a
wt 3 .
Si 0.3 1 Q 0.8
NiBe+CoBe (theoretical wvalue) g.70 0.70 1.40 1.38
NiBe+CoBe (precipitated amount)| 0;47 | 0.50 | 0.97 a.91
Ratio of fine particle () 1 18 4 11
Solution treatment
temperature (°C) 87¢ 860 865 860
, % 7o
Prepa- Cooling temperature* (°C/s) 1 10 2 5
ration
condi~ |Aging temperature (°C) 340 340 345 345
tions
Aging time (min) 90 120 100 60
Working ratio (8) 20 15 20 25
Stress relaxation ratio (%) 18 13 i3 13
Hardness (Hv) 295 | 298 301 | 310
Prop-
erties. |mensile strength (kgf/mm2)*¥ | g9.5 | 100 | 102 | 104
Deformation amount {um) 11 15 18 20
. Excess | Excess |Excess | Excess
Overall evaluation defor-jdefor-tdefor-|defor—
mation|mation|mation|mation

*Note: Cooling temperature at the temperature region of 800 to 600°C

** 1 kgf/mm? = 10" Pa



real i zed ecenemecatty,but also the user's burden for aging treatnment
carried out by. thenselves—carm be markedly reduced. -29 R EN

beryl | i um copper all oy, having the conposition:- :
18 AUG 1999
- 27 -
Example 3
An alloy cast piece having the composition

0.8 & by weight of Be, 0.8 % by we%ght of Ni,
0.07 & by weight of Co and 1.0 $ by weight of Al, and
the balance being substantially Cu was subjected to hot
working and then cold working according to a conventional
method. After solution treatment at 910°C, the cast
piece was immediately cooled to room temperature at a
rate of 40°C/s. Then, after subjecting the cést piece
-to finishing working with a working ratioc of 20 %, aging
treatment was carried out with various conditions.

The results of the tensile strength measured
with respect to the thus obtained products are shown in
Fig. 1.

It can be clearly seen from the figure that, in
the present invention, good tensile strength can be
obtained with wide aging treatment conditions.
Particularly, when it is carried out under preferred
conditions at a temperature of 320 to 380°C,

excellent tensile strength could be obtained.

Industrial App}icabilitv

The beryllium—-copper alloy of the present
invention is advantageous in that it has high strength
and excellent bending workability, and yet deformation

amount at heat treatment is small even though the



0.5to0 1.5 %by weight of Be; 0.3 to 1.5 %by weight in total of at | east

.one of Nr~and—CUT—Uj?77;7?‘_96by wei ght in total of at |Eeast-eone—of -
Al ; opti : to 0.5 % by wei ght of strengthening 4l [ef B
fromFe, Ti and Cr; and the bal ance being Cu and inevitabl ¢

said alloy containing as an internetallic conmpound 18 AUG199§
- 28 -

contents of expensi?e Be is lowered than conventional
products.,

Also, the beryllium-cqopper alloy of the present
invention has wide tolerable aging treatment conditions,
and as shown in Fiqg. 1, when it is within the
temperature range of 320 to 380°C, even if the aging
treatment time is substantially changed in the range of
15 minutes. to 6 hours, change in tensile strength can be
regulated within the range of 2 80 MPa (8 kgf/mm?).

B Therefore, the present invention provides
advantages that not only an electrically conducting
spring material having excellent properties can be
realized economically, but also the user's burden for aging-

treatment carried out by themselves can be markedly

reduced.



Ni Be and/or CoBe in the ge o 90 % by wei ght of which at |east
45 %i s ;u@%&&ﬁ‘?ﬁTTTTﬁ;iéﬁnlcl ;l ﬂﬂﬂ; of O. : 'f{ﬁ ;_”Eﬁ
2. A net hod—fer—produci ng a bey ylel | | | oy whid :
casting a material having the conposition:- 0.5 to 1.5 % by melght of
Be; 0.3 to 1.5 %by wight in total of at Ieast one of Ni j id1(:g> ADG 9999
2.5 % by weight in total of at |east -or® of Pl
|
CL E;MS L. cre ht e et o eee—e——th—
1. A beryllium-copper alloy, having the composition:-

0.5 to 1.5 % by weight of Be;

0.3 to 1.5 ¥ by weight in total of at least one of
Ni and Co;

0.5 to 2.5 % by weight in total of at least one of
Si and Al; '

optionally 0.05 to 0.5 ¥ by weight of strengthening
elements selected from Fe, Ti and Cr;

and the balance being Cu and'inevitable impurities;

said alloy coﬁtaining as an intermetallic compound
NiBe and/or CoBe in ﬁhé range of 0.20 to 0.90 % by weight
of which at least 45 % is present as fine particles

having a diameter of 0.1 um or less.

2. A method for producing a beryllium-copper alloy
which comprises casting a material having the composition:- -

0.5 to 1.5 % by weight of Be;

0.3 to 1.5 % by weight in total of at least one of
Ni and éo;

0.5 to 2.5 ¥ by weight in total of at least one of
Si and Al;

optionally 0.05 to 0.5 % by weight of strengthening
elements selected from Fe, Ti and Cr;

and the balance being Cu and inevitable impurities;

subjecting the cast material to a ‘solution |

treatment at a temperature of 880°C or higher,

HEET
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cocling at a rate of 20°C/s or more at least in the

temperature range of 800°C to 600°C,

subjecting the cooled material to finishing working

of 5 to 40 %, and

applying aging treatment to the worked material at

a temperature of 300 to 460°C.

3. A method for producing a beryllium - copper alloy
gccording to claim 2

wherein the said cast material is subjected to hot
working and/or cold working prior to. the said solution

treatment.
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BERYLLIUM COPPER ALLOY HAVING HIGH STRENGTH, MACHINABILITY
AND HEAT RESISTANCE AND PRODUCTION METHOD THEREOF

ABSTRACT

In the present invention, in order to mini@ize
the amount of deformation due to heat treatment, the
content of Be is lowered than the conventional ones, and
the decrease in strength accompanied by decreasing Be,
is compensated by dissolving strengthening of Si and AL,
and precipitation strengthening of intermetallic
compounds NiBe and CoBe; .Purther, by precipitating such
intermetallic compounds, -workability and heat resistance
are also ;mproved simulta%?ously and aging treatment
conditioné are also méde.?lexible.

Thus, according to the present invention, a
beryllium—coppér alloy having excellent strength,
workability and heat.resistance, can be provided
economically, and particularly, as for aging materials,

users' burden can be markedly decreased.

Figure 1
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follows.

Pirst, as to strength, tensile strength of should

be 840 to 1150 MPa {84 to 115 kgf/mm*).

As for workability, at the tensile strength of
840 to 970 MPa (84 to 97 kgf/mm>), when bending work is performed with
a R/t ratio (R: bending radius, t: plate thickness} of
1.0, it should be possible to perform good work in any
direction with respect to the direction of rolling.

) Further, as to heat resistance, that is, a heat
treatment deformation amount, a deformed amount {change
in warpage amount) of a material before and after aging
treatment of a material having a size of 20 mm x 20 mm,
and a plate thickness of 0.3 mm should be 10 pm or less.

Furthermore, flexibility of the heat treatment
conditions in accordance with the present invention
should be such that - -fluctuation of tensile strength
is within the range of + 80 MPa '(8‘kgf/mm°‘) even when ‘optional
aging conditions are sslected.

In the following, the present invention will be
explained specifically.

The first characteristic feature of the
beryllium~copper alloy of the present invention resides
in that, in order to reduce deformation due to heat
treatment, the content of Be is made 1.5 % by weight or
less which is markedly reduced as compared with the

conventional beryllium-copper alloy. Nevertheless, when



