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Within the last forty yee°s (13), a new field has

Opened to the metallurgist and the en ineer by the

discoverv of a treatment which an be ajolied to a

lsr;e number of alloys and hf which their proaerties

con be Cdsnysd radically. This treatient hhS been used

JOEt effectively with the ll‘Jb Alloys of eludinui and

the hesvy ellous oi co‘pei, iron, nickel, odd ;old.

Since it is demendent noon the tite c2 rel es tendersture
. . 3

the term are herdening is coqnonly used. However, this

'lVC—E no indic:.tion to the E..CtU‘;El ol‘ie;"1o.:.enon - thut of

orecioitvtin; d constituent f“on a sujerssturgted solid

solution. It is a well known fsct tint this Drecijit tion
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CCunErléfi it has given was to the name ceryllium.

It was not until 1.2. th.t the }ernan scientist

fidhler (3) first isola ed berylliun fron its salts by

(heatin; its chloride with flat ores: d balls of c;lcinn.

Zhen very 'ittle work was done until Le Beau (3) instigated

w-

new methods of :rocucir; oerylliun by electrolysis. in

addition to his research on the :roduction of beryllium

ated several beryllium alloys including

that of copper along with those of chronium, tungsten,

noljbdsnum,'and csrbon.

However, it did not get oeyond the labosatory state
F

until about 1925 (5). gasin; in Geriany studied the

phenomena of orecioitation hardening of copier-aluminum

alloys and concluded that it was A function of solubility

varying widely with teioe‘ature. Since a phase diag‘an

of coooer-bergllium published about 10 years earlier

indic;tsd_this alloy had the rith type of solubility-



began wornin: witn it. Thus Lisin; oroved his theory

was Valid and as a by-vroduct discovered the age-hardening

proverties of cooger-berylliun.

About two years prior to this, work was done in

0

(
0

this coun+rv with cooder-berylliun as a QO~ isle substitute
J

I

for tin-copper or zinc—copper. However, the high cost

of extracting pure beryllium stood in the way of commercial

production.

With tie news of hasing's discove y, the picture w;s

ut(
-
I
'

(
'
0

er a suostichanged. Cooper-beryllium was no lon

a
:

fialloy. ourin; the following few years, the technical

oopular press gave cooper-berylliun cuite a play. It

became a "wonder netal" and a wrest and glowin; future

was freely oroanesied for this alloy.

About this time a much lower cost orocecs was

for getting the beryllium into copver by

converting berylliun oxide, powdered carbon, and powdered

cobaer into a Luster alloy of about 4% beryllium.

This could then be remslted with additional cooper to

get the conoosition desired.

Laboratory rese;rch by 5.1:. Smith (5) in 1932

‘

on an alloy containing about 2.50% berylliun confirmed

the unusual crooerties obtained by orecioitxtion hardening

and established initial mill orocedure. however, lost

of the labor;tory work had been done on standard test



bars of rels tively lsr e section and the effect of size,
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0Since the announce en

of coone“-bery lius have led to a number of applicutions,

nsny successful end sose diseijointinv. Cvecent:lusiesm

and insufficient dste in some instances neve ed to

fsilure. Teddy, however, the ev;ilsbie date and inforiution

on physical irooerties and nest trestuent ere more
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CO...31€C€, and successful :—::.>_::lications are found

v:.riet ' of oroiucts. Disr-b-ryl iuz. is not only es

corrosion-resistant es brass und jhosanor bronze, but

a so is nezrlv twice as strong. It is non-mu;netic.

4.

It has endurance strength nearly equal to steel; ni__ner

under corrosive conditions.. Its electrical conductivity

is ne riv twice th:t of bronze and it will neint in

ssring arooirties urter tesatrstures 100 F hi:her tn:.n

bronze. In sdu tion, it as: less tendency to drift or

tske s set tnon almost any ot_er syrinj nsteriul.

6 nos it is nurdened by rest-tnetient ufter foruing,P
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be of :lphs dentrites with the hiider bets onstituent

at the bouniorie . Sucn a dartielly disLsrsei condition
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quenching from the elQhu solid solution r.ne, cones the

droole; of Jrecioit tion hardening the alloy. Another

.1

.17 c - LL '\ . -; . ." >u .* . -.r\ - 'w - 's . »- . - - .

1‘30“ (it; L312: 83b'.L.j. iQIjithx 9.1;. r;‘.121 ENLO‘L'E tits-.1. 101.15; tab-"1361"- ture

O ( 5
2
"

H 1 '
7

(
I
)

I D I
-

‘
°

L
)

I (
n

H C
)

L —
\
l

3
;
]

:
L
?

Q (
9

<
1

(
W

,
j

m F
.
)
-

b (
D

c
.
.
-

}
J
o

(
D

g
.
»

V
r
‘

O W

whet lower, the Lequireient beint thgt the time and

te per ture szst :e so reguleted as to yive en Optimum

fie. In accordsnce with theV H

I

O H \
J

C C
'
”

H
.

D “
.
3

0 P
4
)

r
I
-

{
L

(
U

n ‘
3
‘

J

:
4

I 7
0

scceyteu theory 01 hardeniny, tne1e 1: sh oqtimuu

particle size : Hc1 c e; the lexiuum snount of heyinQ

‘ o . _‘ _ . .L I f o A ‘1 r 3‘ L‘, ._ . .. 1_>_ ‘ 0 .«~ —_‘

action On LAG )Obent131 slig pldhes with u rcshltluo

1‘ . ‘f . - u z ’2 ‘ ' r‘ ‘ .rx . C . . *fi ‘1 x r: . ‘ C (a T1 \ A 1- .‘ [u r; 1': 4‘ " - fi"‘_ .. t ' ‘Q

1;.c.._l..-c'.-.. 4.1-1, :7; 1:; 111 1-1'..I‘o_.'-E:.. .s . 1.116 blunt, c.1111 UCL:;»~_.::I~;~. 1.er

oust be such that there will be just sufficient atomic

nobility to éroduce tiis size.
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The 2% cc)oer-berylliuu alloy was Made from electro-

Wlytic cogoer ounchin;s and master covoer-beryllium

alloy of 3.~t% beryllium. These were nelted together

in a electric induction furnace end poured in core send

molds made by hixing 100 parts of lake sand, 10 ports

of cereal binder, 5 ports of water, and 5 parts of oil

binder. These yreen molds were osked in a gas furnsce

st approxisstely 500°F for 24 hours and, when 0011,

pasted to ether and bsked again for about d hours. a

6
+

(
0

m c
+

1old frOs a mixture containing sseller quantities

of cereal binder and oil binder Wis found to give very

rough surfsces on the csst bars.

The hold box,
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and thus eech mold

 

r

was hsde so as to yield ten bsrs approximately 0 1/2

inches long and 5/6 inches in disgeter. Since each

mold required about 9 3/4 oounds of netol shi the

caveoity of the furnsce wss only 12 pounds, it wos

necessary to hzke e seosrste heut for eecn mOld. It

wes decided thst 30 bsrs would be neces1sry, requiring

three nests, the cslculstions for which follow:

Heat #1

weight of m1ster alloy 2.323 ks.

2.c23 x O.CZ\C = 0.11236 15. weight of Be

0.11236 4 0.02 = 5.618 kg. total best

1 (
.

>
4

0 1,
0

(
y

H

\
n

.506 kg. weight of Cu

5. weight of

Cu required
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weiyht of duster elloy 2.241 Kg.

2.241 x 0.05“8 : 0.0:919 k3. we';ht of Be

0.01919 4 0.02 = 4.450 kg. total heat

4.450 X 0.9o : 4.372 kg. weight of Cu

4.372 - (2.241 — 0.3-9) 2 2.220 kg. wei ht of

Heat #3

weight of Lester alloy 2.044 kg.

2.044 X o.o:;c : 0.0! 35 kg. weight of Be

0.05155 4 0.02 = 4.068 kg. total heat

4.03; x 0.90 z 3.9;? kg. weight of Cu

5.907 - (2.044 - 0.081) = 2.024 kg. w

f uired

It w1s found oy diliebrsndt thot the calculated coiaosition

of such oustinys agreed Witfl the actual composition

within the nor :1 accuracy of enolytioal hethods of

anslysis. Therefore, no such quantitative analysis wss

s were ellowei to cool in the mold, were

1 +0.01

H 1 (
I
;

(
\

¢ f 1'
0

P
k

F
1
.

5

L.then broken out, and the test btrs hachined to 0.5

inches in dizieter. In order to hsve a sonole thst would

(
D

ose to teuoer.tur. quickly, they were cut into wafers of

‘

bout 1 t inch thickness on a wztor-coole; sor sive cut-offgo
.

wheel on; drilled with a £54 drill near one edge in order

to accept u lo ghu;€ Licnrone wire for hsndlin; in the
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salt bath and quench.

 
 

-.

Tne solution heat trestin; was acne in 2 Salt bath

at 1450°F (i 10°F) for 2, 4, 7, 11, 1+ ‘ 22 minutesU
\

.

(
I
t

5 p
.

. . . . r o- ;
ano tne quencning in tne tap water at aoout 00 r. Tne

aging wes done at 700°F end 750°F for 2, 4, e, 16, and

. - -._O . +

32 linute: eno at 8oo°F cgo F and 9000s (all - 50F)
! 3

for l, 2, 4, o, 16, and 32 minutes. The aging was

1

arrested oy quenching in water. During both tne solution

heat treating and the aging ooer tions, the sangles were

agitated for one sinute after insertion into the Otth,

then for about seconds at 2 minute intervals, and for

\
N

20 seconds iliedistely )rior to quenching.

A clean surface on each se ole wss obtained by

rupoing on wet #150 emery oeoer and the penetration

hardness ietermined on the B and/or C Rockwell scale.

In order to mcke a giaoh on one soole, both E eni C
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nordne m s V lues were taken on s ”files of 90-100 R:
H

r‘ ‘1 ‘ A a . r.,-\ id - 1‘ '9 ‘5 ‘.r~ '~ / - " . .‘ ', A , ,' ,- . . ,

and tn: ever: e of tie difiorences UECJ ,1 tie conversion

f ctor. This vae R: 7 I; + 77.

Photo...icro;;r:;.ins (p. 26) 111.“ e ::.::en '_.t 100x of tne

/followin; s, )les: as 0 st, solut on ne;t tre ted for

1+..1nutss, s lJItlJE nest iJ%:'toi -on 15 “invites, and

. (x .- -'- q ., ..»- - J-r, -. ,~ 1‘ ~.’\ - ‘ 1 A Il‘u A A; 4‘.‘ :

Echral no Lfiuhpathd uyc& s, )ies. inc etcldnt used
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of a 25 cooaer-osryllium

for 2 minutes at 1450 F

t

Rockwell: herdnes

binary alloy solution ne-

All values are he sverege

four being taken on etch

m

0
0

Tine of Aging (minutes)

0 1 2 4 (
L
)

P O
\

\
N

R
)

O
\

4
:
-

 

700 51 53 70 75 c5 95 25*

Temp. 750 5 57 71 75 02 9O 96

of

using Soc 61 59 60 67 74 c4 15

(5F) _

ago 51 61 63 35 72 :1 L4

900 61 59 53 53 53 77 79

* RockwellC
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Rockwell, hsrdness values of e 2% cepver-beryllium 0

binary alloy soluti:n heat treated for 11 minutes at 1450 F
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