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METHOD OF MANUFACTURING A THIN SHEET 
OF BERYLLIUM OR AN ALLOY THEREOF 

This invention relates to a method of manufacturing 
a thin sheet of metal, particularly, that of beryllium or 
an alloy thereof. 
A diaphragm used with a loudspeaker, particularly a 

high-pitched sound loudspeaker is desired to consist of 
such material as has a large Young’s modulus of elastic 
ity and a small mass. However, a prior art alloy mainly 
consisting of aluminum or titanium which has hitherto 
been used to this end has a small Young’s'modulus of 
elasticity E and a high density (Al:E = 7.05 X 1010 
N/m2 and p = 2.7‘X l03 kg/m3; and Ti:E = 11.9 X 1010 
N/m2 and p = 4.54 X 103 kg/ms), failing to meet the 
above-mentioned requirements. The present inventor 
has made experiments to search for a material fully sat 
isfying said requirements, and discovered that beryl 
lium'(Be) or an alloy thereof is adapted for the above 
mentioned application. The reason is that beryllium is 
conveniently provided with properties meeting the 
aforesaid requisites because of E = 30.8 X 1010 N/m2 
and p = 1.85 X 103 kg/m“. Particularly suitable among 
beryllium alloys are Be-Cu alloy [Cu = 0.5 to 5.0%, (E 
= 30.0 to 32.0 X 101° N/m2 and p = 1.89 to 2.20 X 103 
kg/m")]; Be-Al alloy [Al = 20 to 40%, (E= 28.0 to 30.0 
X 1010 N/m2 and p,= 2.02 to 2.19 X 103 kg/m3)]; and 
Be-Ti alloy [Ti =0.5 to 5.0%, (E = 27.2 to 27.9 X 1010 
N/m2 and p = 1.86 to 1.98 X 103 kg/m3)]. A sheet of 
beryllium or an alloy thereof has also been found suit~ 
able for various applications including not only a loud 
speaker diaphragm, but also, for example, a tone arm 
cantilever by being rolled up into a cylindrical form. 
Though a thin sheet of beryllium or an alloy thereof 

is of great use, the prior art of manufacturing the sheet 
has been accompanied with numerous shortcomings, 
for example, that the product is of low quality, and ex 
pensive and that the manufacturing process is compli 
cated. One of the conventional processes consists in 
forging or pressing a lump of beryllium into a thin strip 
and thereafter mechanically cutting out a far thinner 
piece from said strip. However, this process gives rise 
to a large amount of scrap at the time of machining, uti 
lizing the material very inefficiently. According to an 
other known process, forged beryllium is hot rolled into 
a thin sheet, which is later hot pressed or drawn into a 
desired form. Yet, the latter process has the drawbacks 
that rolled thickness is dif?cult to control and the work 
piece of beryllium has to be rolled in a state wrapped 
in a thin sheet of stainless steel in order to save beryl 
lium from oxidation. Further disadvantage of said pro 
cess is that the pressing or drawing step should be car 
ried out inconveniently at high temperature to prevent 
the cracking of beryllium. 

It is accordingly the object of this invention to pro 
vide a method free from the above-mentioned difficul 
ties and capable of manufacturing a good quality thin 
sheet of beryllium or an alloy thereof with great ease 
and at low cost. 
The above object of this invention is attained by pre 

paring a substrate bearing a prescribed shape, deposit 
ing a thin sheet of beryllium or an alloy thereof on the 
substrate in vacuum, and ?nally separating the depos 
ited thin sheet from the substrate. 
The method of the invention is entirely different from 

the conventional concept of machining a lump of beryl 
”lium into a desired form, namely, utilizes the deposition 
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2 
of ?ne particles of raw beryllium in vacuum. Accord 
ingly, the present method enables a good quality thin 
sheet of beryllium or an alloy thereof to be easily manu 
factured with a uniform thickness in a desired shape, 
and very efficiently utilizes raw beryllium. because lit 
tle waste arises during manufacture. 
There will now be detailed the various steps of manu 

facturing a thin sheet of beryllium or an alloy thereof 
according to the method of this invention. 

I. PREPARATION OF A SUBSTRATE 

A substrate is prepared to match the desired shape of 
an article to be produced, for example, a loudspeaker 
diaphragm. The substrate consists of such material as 
has different chemical or physical properties from 
those of beryllium or an alloy thereof to facilitate the 
later described separating step. A ?rst type of substrate 
is made of material easily soluble in nitric acid, prefera 
bly copper or magnesium. A second type of substrate 
is prepared from material having a very low thermal ex 
pansion coef?cient, preferably quartz glass. A third 
type of substrate is formed of metal, particularly a fusi 
ble alloy having a lower melting point than beryllium or 
an alloy thereof. Copper and magnesium can be easily 
pressed into a desired form and the fusible alloy can 
also be readily forged into a proper shape. The quartz 
glass is worked by ultrasonic wave machining. 

II. DEPOSITION OF A THIN SHEET OF 
BERYLLIUM OR AN ALLOY THEREOF 

Deposition of raw beryllium is carried out by vacuum 
evaporation or ion plating. No detailed description is 
herein given of a vacuum evaporator which is already 
known. A source of vacuum evaporation is, for exam 
ple, beryllium itself or a beryllium alloy such as Be-Cu 
alloy (Cu = 0.5 to 5.0%), Be-Al alloy (Al = 20 to 40%) 
or Be-Ti alloy (Ti = 0.5 to 5.0%) which has already 
been melted, for example, by high frequency induction 
heating in vacuum. The source of vacuum evaporation 
is melted again by electron beams in the vacuum evap 
orator in order to prevent the oxidation of beryllium or 
an alloy thereof. 

In the case of vacuum evaporation, the degree of vac 
uum is chosen to be 6 X 10“6 to 2 X 10'5 Torr, and the 
substrate is heated to such a temperature as facilitates 
the deposition of a thin sheet of beryllium or an alloy 
thereof, for example, 350° to 650°C when the substrate 
consists of copper, 350° to 400°C when the substrate is 
formed of magnesium and 350° to 700°C or preferably 
600°C when the substrate is prepared from quartz glass. 
Where the substrate is made of a fusiblealloy, the sub 
strate is heated to a lower temperature than the melting 
point of the alloy. 

In the case of ion plating, the degree of vacuum is set 
at 10-2 to 10-3 Torr. The atmosphere in which this plat 
ing is carried out may consist of inert gas, such as ar 
gon. Further, the substrate is heated to a temperature 
ranging between the atmospheric and 200°C, regard 
less of the kind of raw material of which the substrate 
is formed. High DC. voltage is impressed across the 
substrate (negative electrode) and the source of evapo 
ration for the growth of glow discharge. When the sub 
strate is made of a non-metallic material, a separate 
electrode is placed just behind the substrate with re 
spect to the source of evaporation. Other conditions 
than described above under which a thin sheet of beryl 
lium or an alloy thereof is deposited on the substrate 
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may be de?ned according to the customary practice of 
vacuum evaporation or ion plating. 
‘The deposition step included in the method of this 

invention causes ?ne particles of beryllium or an alloy 
thereof to settle on'the substrate at the rate at which a 
compact, uniform ‘layer is deposited on the substrate 
with a thickness of 1.5 microns per minute. A thin sheet 

‘ thus formed has a thickness of 25 to 35 microns for use 
with a tweeter type loudspeaker and a thickness of 50 
to 80 microns for use with a squawker type loud 
speaker. ‘ - 

lll. REMOVAL OF A THIN SHEET FROM ‘THE 
' SUBSTRATE ‘ 

Removal of a thin sheet of beryllium or an alloy 
thereof is effected by drawing upon the different chem 
ical or physical properties of the raw material constitut 
ing the substrate and beryllium or an alloy thereof. 
Beryllium or an alloy thereof does not substantially 

react with nitric acid, whereas copper or magnesium is 
readily dissolved in the acid. When, therefore, a copper 
or magnesium substrate coated with a thin sheet of be 
ryllium or an alloy thereof is dipped in an aqueous solu 
tion of nitric acid, the substrate dissolves itself, leaving 

~ said thin sheet. Where the substrate consists of quartz 
glass, a thin sheet of beryllium or an alloy thereof is re 
moved therefrom due to the different thermal expan 
sion coef?cients between beryllium and quartz glass. 
As is well known, beryllium has a relatively large ther 
mal expansion coef?cient of 12.3 X 10'6 deg“, while 
quartz glass has as small a thermal expansion coeffi 

» cient as 5.5 to 5.8 X 10-7 deg“. When, therefore, the 
quartz glass substrate bearing a thin sheet of beryllium’ 
or an alloy thereof is heated to a ‘temperature ranging 
between 500° and l200°C, the thin sheet very easily _ 
comes off the quartz glass substrategln this case‘, the 
quartz glass substrate has the advantage’of being re 
peatedly used. Where the substrate isformed of a fusi 
ble alloy, at thin-sheet of beryllium or alloy thereof is re-‘ 
moved from the substrate due ‘to different melting 

. points between beryllium and the fusiblevalloy ‘(beryl 
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tainedin a molten state by electron beams. A thin sheet 
of beryllium 30 microns thick was deposited on the 
copper substrate in about 20 minutes. Thereafter, the 
beryllium sheet on the substrate was subjected to aging 
by being heated one hour at 550°C in an atmosphere of 
argon. The beryllium sheet thus treated was dippedin 
an aqueous solution of nitric acid at room temperature 
which was prepared by adding onepartgof water to 
three parts of 60% nitric acid. The copper substrate 
was dissolvedaway in a few minutes, leaving a ‘thin 
sheet of beryllium. - 

EXAMPLE 2 _ ‘ 

A substrate was formed over 96% pure magnesium in 
the same manner as in Example 1. In this case, anneal 
ing was carried out at 200°C. The magnesium substrate 
thus prepared was placed in an ion plating device evac 
uated to an extent of 5 X 10-3 Torr. Also placed in the‘ 
ion plating device was an already melted beryllium 
aluminum alloy (A1 = 30%) in a state received in a cru 
cible at a point 15 cm apart from the substrate. While 
the beryllium-aluminum alloy was melted again, by 
electron beams, DC. voltage of 5 kv was impressed 

‘ across the crucible and substrate. A thin sheet of beryl 
lium-aluminum alloy 60 microns thick settled on the 
substrate in‘about 40 minutes. The thin sheet was _ 
‘dipped in an aqueous solution of nitric acid as in Exam 
ple l to remove the thin sheet from the substrate, fol 
lowed by aging or sintering for, one hour at 800°C. 

EXAMPLE 3 
A piece of transparent quartz glass was machined by 

ultrasonic waves into a prescribed form, followed by 
the grinding of the machined surface of the glassgThe 
substrate thus prepared was washed in the same man 

‘‘ net as in Example l.- A beryllium-copper alloy (Cu = 

7 sheet of beryllium-copper alloy about 30 microns thick g‘ 
was’deposited on the substrate in about 20 minutes. 

‘ ;_when heated to 650°C, the 

40 

lium has a melting point of l'28-5°C and the fusible‘alloy " ~ 
‘generally has a lower melting point'than"230°'C). Ac- ‘V. 
cordingly, heating of the substrate‘to' a ‘temperature 
ranging between 230° and l285°Cattains the-separa 
tion of a thin sheet of beryllium or anialloy. thereof. ' I 1 " 

If necessary, a- thin sheet-of ‘beryllium or’an alloy " 
thereof removed from the ‘substrate maybe subjected 
to aging or sintering at a temperature of 200° to‘ 
1200°C, or preferably 800°C. Where,‘ however; the thin 
sheet has a considerably small thickness, this heating 
should advisably be avoided to prevent the deformation 
of the thin sheet. 
This invention will be more fully understood from the 

examples which follow. . 

EXAMPLE 1 

A lump of oxygen-free copper (Cu = over 99.96%) 
was rolled into a sheet at a pressure of 0.06 to 0.1 ton. 
The sheet was annealed 2 hours at 450°C in vacuum. 
The annealed sheet was pressed into a desired form, 
and later washed in a washing medium of trichlene or 
acetone agitated by ultrasonic waves. A copper sub 
strate thus prepared was heated to 450°C in a vacuum 
evaporator evacuated to an extent of l X 10‘5 Torr. In 
the evaporator, beryllium once melted by high fre 
quency induction heating in vacuum was again main 
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.‘substrate. ' ‘ - - , 

3.0%) once melted was again melted in the vacuum 
evaporator in the‘ same manner as inExample l. A thin 

thin sheet peeled off the 

" i ~l>.'A method forlmanufacturingi a thin sheet of ‘metal 
selected from a group consisting'of beryllium and be- " 
ryllium alloy which comprises’ the steps of fabricating 
a substrate of a' predetermined shape .made' of material 
selected from a group consisting of-copper and ma'gne- 
siumfdepositing the thin sheet of said metal on’ said 
substrate, and removing the thin sheet from the. sub-‘ 
strate by dissolving the latter in nitric acid. ‘ 
2.‘The method of claim 1 wherein said metal is de 

posited on said substrate by vacuum evaporation. 
3. The method of claim 1 wherein said metal is de 

posited on said substrate by ion plating. 
4. A method according to claim 1 wherein said beryl 

lium alloy is selected from a group consisting of Be-Cu 
alloy (Cu=0.5 to 5%), Be-Al alloy (Al=20 to 40%) and 
Be-Ti alloy (Ti=0.5 to 5%). - 

5. A method according to claim 4 \vherein‘said nitric 
acid is employed in the form of an aqueous solution 
consisting of one part of water and three parts of 60% 
nitric acid. 

6. A method according to claim 4 wherein said thin 
sheet of the deposited metal, after removal from the' 
substrate, is subjected to heat-treatment at a tempera 
ture of 200° to 1200°C. > 
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7. A method according to claim 1 wherein said nitric 
acid is employed in the form of an aqueous solution 
consisting of one part of water and three parts of 60% 
nitric acid. 

8. A method according to claim 1 wherein said thin 
sheet of the deposited metal‘ ‘after removal from the 
substrate, is subjected to heat-treatment at a tempera 
ture of 200° to 1200°C . 

9. A method for manufacturing a thin sheet of metal 
selected from the group consisting of beryllium and be 
ryllium alloy which comprises the steps of fabricating 
a substrate of quartz glass into a prescribed form, de 
positing a thin sheet of the metal on the substrate, and 
heating the combination to separate the thin sheet from 
the substrate due to different thermal expansion coeffi 
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6 
cients between the metal and the quartz glass. 

10. A method according to claim 9 wherein said com 
bination is heated at a temperature ranging from 500° 
to l200°C when the thin sheet is separated from the 
substrate. 

11. A method according to claim 9 wherein said 
metal is deposited on the substrate by vacuum evapora 
tion. 

12. A method according to claim 9 wherein said 
metal is deposited on the substrate by ion plating. 

13. A method according to claim 9 wherein said be 
ryllium alloy is selected from the group consisting of 
Be-Cu alloy (Cu=0.5 to 5%). Be-Al alloy (Al=20 to 
40%) and Be-Ti alloy (Ti=0.5 to 5%). 

* * * * i‘ 
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