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This invention relates to alloys containing both

beryllium and boron which alloys have among
their properties an inherent resistance to soften_—
ing at elevated temperatures. This property is

of extreme importance when the alloys are used

-as nozzles for ejection of hot gases, parts for fur-
naces and other heat-generating and heat trans-
fer devices, and as parts of engines and turbines
which must retain high strength at elevated tem-
perature for a considerable period of time. It
also is of importance in cutting tools which may
be required to operate at red heat. While the
alloys are of particular importance for uses in-
volving high strength at elevated temperature,
they have a combination of physical properties
including resistance to corrosion and oxidation
which render them valuable for many industrial
purposes at temperatures from below zero up
to about 2000° F.

The alloys of our invention contain from 5
to 40% chromium, preferably from 20 to 35%
chromium. They contain one or more of tung-
sten, molybdenum, or uranium, these metals
sometimes being referred to as “tungsten-type”
metals. Where the alloy contains tungsten alone
or molybdenum alone or uranium alone, the tung-
sten-type metal is from 1 to 40%, the tungsten

preferably being from 10 to 30%, the molyb-.

denum from 2 to 20% and the uranium from 2 to
209%. Where the alloy contains two of the tung-
sten-type metals, the preferred ranges of these
metals in any combination are 3 to 25% tungsten,
1 to 15% molybdenum and 2 to 15% uranium.
Where the alloy contains three of the tungsten-
type metals, the preferred ranges of these metals

are 3 to 15% tungsten, 1 to 10% molybdenum and :

2 to 159 uranium. Molybdenum appears to be
considerably more potent than tungsten. The
addition of 3% molybdenum to chromium-
nickel-cobalt-beryllium-boron base alloys gives
the same hot hardness as the addition of about 11
to 13% tungsten. 6% molybdenum gives the
‘same hot hardness as about 14 to 16% tungsten.
‘9% molybdenum gives the same hot hardness as
about 16 to 18% tungsten. Uranium appears to
have somewhat higher potency than tungsten.
The ratio of molybdenum to tungsten in any
replacement of tungsten by molybdenum varies
from 1:6 to 1:1.5, each per cent of molybdenum
becoming less effective as a replacement for tung-
sten as the percentage of molybdenum increases.
The alloys also contain one or more of the matrix
metals cobalt, nickel or iron in total amount be~
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tween 256% and 65% of the alloy. ‘The total per

cent of the matrix metals preferably is about 25
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to 52% and much better results for many pur-
boses are attained if this total per cent is not
over about 44 %,

In our alloys, beryllium is employed in amounts
between 0.05 and 7%, preferably between 0.15 and
2%. 'The alloys contain 0.25 to 7% boron, pref-
erably 0.50 to 2% boron. The carbon is generally
between 0.01 and 3%, usually between 0.10 and
1% and preferably between 0.15 and .60%. For

.allps_rs which are to be used in applications re-
~.qu.1r1ng‘high hardness at elevated temperatures,
‘it is preferred to keep the carbon on the low

side of the range and to obtain the required hard-
ness by the use of beryllium and boron. For

% .other applications not requiring such high hard-

ness at elevated- temperatures, the major hard-
ening effect may be obtained from carbon so that
the alloy is derived by employing carbon in the
high side of the range together with beryllium
and boron in the low side of these ranges. Where
cutting qualities or abrasion resistance may be
most important and high temperature strength
less important, the alloy may contain carbon up
to about 4 or 5 per cent. :

Where the alloy contains tungsten as the only
tungsten-type metal, a preferred composition
range of our alloys is

Per cent
Chromium _ 20t0 35
Tungsten - 10to35
Cobalt ————- 20t028
Nicke] - 20 to 28
Beryllium _ _ 015t0 2
Boron 0.50t0 2
Carbon . 0.10to0 1

Uranium may be substituted for part or all of
the tungsten in somewhat lower percentages than
tungsten. Molybdenum may be substituted for
part or all of the tungsten, but due to the greater

‘potency of molybdenum as previously pointed

out, the amount of molybdenum required ot give
the same hot hardness is less than would be re-
quired for tungsten,

It has been observed that elements of small
atomic diameter exert a powerful influence as

‘hardeners in some alloys. Since it is possible for

elements of small atomic diameter to occupy the
interstices between atoms of much larger atomic
diameter, carbon (atomic diameter 1.5 A.), boron
(atomic diameter 1.9 A.) and beryllium (2.25 A.)

may form interstitial solid solutions with chro-

mium (2.71 A.), tungsten (2.82 A.), molybdenum
(2.80 A.), uranium (2.83 A.), iron (2.52 A, cobalt
(250 A)) and nickel (249 A.). Also possible is
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the formation of intermetallic compounds of the
elements carbon and/cr beryllium and/or boron
with chromium, tungsten, molybdenum, uranium,
cobalt, nickel and iron. Examination of the mi-
cro-structiires of ‘our alloys isuggest’ that beth
solid  solutions and “interntetallic - compound
phases are present.

Although the small size of the atoms of ‘beryl-
lium, boron and carbon makes them useful -as
hardening elements, a small atom also diffuses
readily within the alloy stgeturerathigh tem-
perature. 'This  diffusion, “gxemplified by  the

coalescence of carbides in §teel, may'beta- cause

of softening which is undesirable for-parts which -

must retain high hardness for long periods of
time at elevated temperatufe:

bon, appear to be more effective hardeners than
carbon, due at least in.part to their §t6wer “dif-
fusion at high temperature,

AATI6ys “eonbaining  Chromitm, tangsten “and
‘raatiix mietal, subh as cobalt,hiklkel ‘or’ ron-¢on-
tain a substantial amount of carbon to serveasa
"HWardener-when sed s ctitting tools or hard sur-

“pacing materials, “The présence B a Mdrge gthotint g

~6f carbofl ' is “beneficial in 1a “catting tool sinee
‘abrasion reslsbance is retjtiited and in-the usaal

:service' thetool is Hoti&t/extrénely high tempera-

“tyire for any gfeat length of tinve. ‘Wehave:found,
-however tHat wherethe afoys are-to-belsabjeeted
orHighUt iperatare forflongiperiods of time, the
ssubstitution ‘of-berylium atid boron for much of
“fhe -carbon results iinTa hidterialswhich: is" mote
“rekistont to sbftening st High teriperatire. How-
-ever, whereihigh Hardicssodt elevated tempera-
tires 1S not: asdominanit iconsiderdation, our: alloys
‘may containieaibon on thehivhsside ofi theirange
‘together “with “peryllitm 7nd:boron “within (the
‘ranges spetified.

The influeneeof:combinationsof beryilitm:and
“woron in-caxsing alloy hiatdmess imnd hardness e~
‘tention. at relevated termiperature s shown' in
Table 1.

Pable'l

Berylium jand . .
boron, having larger atomic diameters: thahréar-

temperatures while retaining adequate toughness
at room temperature,
In our alloys, increasing the chromium content
up to 40% causes progressively higher Iiot hard-
5 ‘ness While thie roem tenipEiaturethatdness passes
" through ‘e minimum in-the region: of ‘about 25%
chromium, Tt is highly desirable to have the room
‘afemperature hardness of these alloys as low as
+possible in order to avoid the glass-like brittleness
1% tisually associated with alloys having high hard-
mess at:eelevétddi'-temperature. Accordingly, al-
N6ys eentaining ghout 20 to 30 or 35% chromium
| aie ‘egpetially *valuable in that they have lower
sroom temperature hardness and higher high tem-
‘{5 “perature “hardmess than alloys containing less
ythan thisiameunt.of chromium.
sInsaddition to the effect of chromium on the
room -temperature and high temperature hard-
“Hess of the alloy it contributes greatly to resist-
ance of the alloy to corrosion and oxidation. For
inktarice,; in tpestsvdarriedroat: at:high tempEra-
Hithers ttifigstentmickel<cobalt=iron alloy cofitain-
“ing ‘o ehroimitimsdeveloped” airedipowdery-tust-
235 niits Surfacesinione our @t 1500 F,
g5 ~AS O chuemium:caused therred rowder
o be-displneed: by: acthin gréy stale. Increasing
e iomeunt et ehvomitm 0 480%:::80% -or=465
75 vlineteases "bhe resistahce tosoxidation
At : igtoonly-adight  bluish discolordtion
30 fesults: Accordingly;alloys containing chromivm
\nitHe tange of abblti20:ton30uor:85% have the
’«‘Véry?*-éiés;irable%bm@inﬂfsienxsofuproperbies-rof:-*:gedd
resiStance to-oxidiation andrdorrosion,low.:reom
femperdture hatrdness andthighshardness:atyele-
a5 “¥rateditempergiure. ‘

“iHeAnetals cobalt; nickel and:iron-constitutea
smatiix cfor stive: hardiborides, beryllideseand.ear-
“Bidessndserve wsra valuableradjunct-to-the con-

trol of the final hardness of the'alloy:. - Althiough

10 “tHedndividuabmatrikmetalsadl servethe.common
SPunction Sof Iproviding va-matrix .for «thehard
“Worides; beryllides: andiearbides-and have some-
=whatisimilar characteristios insthis-respect, they

20

Chemical CompUsition

" “Biinell HiFANEEs

“Alloy | ]

Mol ol el it oo | B e | 0|, Temp. | RO
T i ] © 0 .. Temp, | socrmin
. . “'W(J:‘Ball WCBRI

+30.33 | 2666|2528 mone | none [*0: 23 - 260 151

31,001 24,13 1 23,73 | 0,62 | 0.63 |:0:23: 412 £207.

30.30 ] 22,731 724.43°[70.65 | 0.89 | 0.25 430 208

30,20 { 2386|2204 -1 1:33 | 0-87-|-0:24- 451 219

28.83 | 24,78 | 23,14 | 1,99 [ 0.75. 03¢ 477 255

30.01°[10.05°[ 18.78 | noné | none | 0,19 404 243

28,75 |- 17:18 {-1866.| 1.46,|-0.17 0,39 522 1372

It will be seen from thetable that ¢he-combina-
tion: of beryllium-and boron,-even- -when -used-in
small-amounts, is-an-effective hardener for-al-
loys of. the-type-contemplated-by our invention
at both room temperature and-at-elevated-tem-
perature.

The most.éffective tungsten addition-falls: with-
in the range of 10.to 35% tungsten .and.more
specifically -between 15 and-30% -tungsten. -For
many applications, -alloys :containing  less than
109 tungsten. do not have sfficient strength.and
hardness at high temperature. “For many appli-
cations, alloys containing dbove 35.or 40% tung-
sten are .too Brittle At roomn temperature to Ve
satisfactory. Alloys containing from" 10 ‘to'35%
‘tungsten ‘or préferably’ from’ 15 to 21% ‘tungsten
‘have -good *hardness 4nd Strength gt -elevated

70

differ ‘vomewhat  in'their ndivithial Jehatabteris-
us: (Getierallyispedkiing; Tthe wge tof wobalt din
plaee of Hiskel tbnds torkarden nand stvengthen
‘the alloy whilesthe ubstitutiontvf:nitkel f8r co-
Baltterdsitsisoften andltoughenithe alloy. «The
igddition: &h tonn alloy containing:dobalt 4nd
‘Hickel indressestthe Wafdness slightly 6t ‘room
&‘éﬁ*x‘l’a’éi‘-‘ﬁtuféi!thd:a]ti'a}eva”ﬁe’ditéIﬁpemtunez asvtire
‘percetitagebiiron is irereased fromizero.to-abott
3ror 4%, IPurther fntreatein-iron:beyond ithis
pointiteridstorsotten the alloy Wothiat'room tem-
peggtuse anid et highs températiuve. Thenalloys
Whith Mwe thave geed nmiost = frequently and vety
Suecessfully s hsve: conadned itble +ivon;: fusually
Jessithan+<2%.
75 - THe foloWing: tablexgives exd@mples 6fisomeral-
0 Jsysmdcordingitosburiinvention:. o

60
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‘Table: 2
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©'In our alleys in addition to chromium, the
‘tunigsten-type -metals;- the ‘matrix’ metals, beryl-
18 anid- beron, -there -may be preseit -small

amounts of other elements such as silicon, ‘%

manganese, aluminum, magnesium, calcium, bar-
ium, strontium, titanium, zirconium, vanadium,
ete., depending upon (1) the purity of the metals
‘and alloys used in making the heats, (2) the

method of melting and the refractories used, and -

(3) deoxidation and degasifying practices, or (4)
small percentages intentionally added to improve
casting or fabricating properties, to control as-
cast grain size or to contribute to strength, tough-
ness, etc. The amount of each such element
should be restricted to percentages which do not
adversely affect the desired properties of the al-
loy; in many cases the additional element will
not exceed about 1%.

As used herein, the term “tungsten-type metal” *

is intended to include tungsten, molybdenum or
uranium or any combination thereof. This term
does not include chromium.

The method of forming the alloys into shape
may be varied somewhat depending upon the
specific composition selected and the intended
use of the article. Both sand molds and cast
iron or other permanent or semi-permanent;
molds are satisfactory for casting ingots and
other forms which may be rolled, machined or
ground into final shape. Centrifugal or pressure
casting is preferred for thin or complex sec-
tions. Por parts to be forged into shape, the
alloys toward the low side in tungsten, cobalt
and beryllium are preferred. While the alloys
may be used in the cast condition, they are also
responsive to heat treatment. A solution heat
treatment consisting of heating any of these
alloys to a temperature somewhat below its soft-
ening range followed by rapid cooling, for ex-
ample, cooling in water, oil or air, results in a
more homogenous alloy with uniform structure
as revealed by micro-examination. Subsequent
aging at temperatures from 1000° F, to 1800° P,
for fifteen minutes to 24 hours produces stabilized
alloys of extremely uniform hardness.

The invention is not limited to the preferred
embodiments which have been given merely for
purposes of illustration but may be otherwise
embodied within the scope of the following claims.

We claim:

1. An alloy consisting essentially of 5 to 409
chromium, 1 to 40% of at least one tungsten-
type metal of the group consisting of tungsten,
molybdenum and uranium, 0.05 to 7% berylium

‘10
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7%

0:28 to' 7%+ boron, 0.01:4g:3 9% ‘carbon,tar-effective
‘atount. of -'eobalt-and ar-efféctive ‘amount. of
Hickel,: the: suin: of ‘thie: cobalt and’ nickel conmstix
tuting 25 to 65% of the alloy, the Yungsten-type
mietals 1ot éxcéeding 409 of the alloy:

2. Analloy’ cotisisting essentiallyi of 5to 40%
-¢hromiurm, ¥ to 40%: of at Teast one tungsten-type
nrétal of tHe:sroup eonsisting of tungsten, nolyb-
denum ‘and: uranivung, 0,05 to'7% ‘beryllivim, 0:25
t0r'T% borow, ‘0:01: to: -39 ‘¢arbon, ‘at: least 159,
‘eobalt dnd dt-léash-15%  nickel;, the st -of ‘the
cobalt and nickél eonstitiititig: 30 to52:% - of the
allay.

*3:-Any alloy-"containing 5 to:40% c¢hromium,.' 1
te 40:9%- ofatleast onieitungsten-type metal of the
-group: consisting of  turigsten, molybdenum. snd
uranium, 0.05 to:7%: beryllium,-0.25: t0: 7% boron,
0.01 to 3% carbom, not: over sbout: 5% iron, the
balance: being substantially-all nickel ang: cobalt,
‘thenickel eomprising. from:15t0:39% of the-alloy,
‘the cobalt" eomprising: from 15 to 40% of the
alloy, the'sum-of themickel; cobalt and: iron: being
ot Gver- 65%: of the alloy, the tungstéen~type
metals not exceeding 40% of the alloy.

4:-An “alloy ‘containing '§to. 40 % chromium,
1 to 40% of at least one tungsten-type metal of
the group consisting of tungsten, molybdenum
and uranium, 0.05 to 7% beryllium, 0.25 to T%
boron, 0.01 to 3% carbon, not over about 5%
iron, the balance being substantially all nickel
and cobalt, the nickel constituting at least 159
of the alloy, the cobalt constituting at least 159
of the alloy, the sum of the nickel, cobalt and
iron being not over 52% of the alloy, the tungsten-
type metals not exceeding 409 of the alloy.

5. An alloy containing 5 to 409 chromium,
1 to 40% of at least one tungsten-type metal of
the group consisting of tungsten, molybdenum
and uranium, 0.05 to 7% beryllium, 0.25 to T%

) boron, 0.01 to 3% carbon, not over about 5%

iron, the balance being substantially all nickel
and cobalt, the nickel constituting at least 159
of the alloy, the cobalt constituting at least 15%
of the alloy, the sum of the nickel, cobalt and

‘Iron being not over 44% of the alloy, the tungsten-

type metals not exceeding 40% of the alloy.

6. An alloy containing 5 to 40% chromium, 1
to 40% tungsten, 0.05 to 7% beryllium, 0.25 to T%
boron, 0.01 to 3% carbon, not over about 5%
iron, the balance being substantially all nickel
and cobalt, the nickel comprising from 15 to 39%
of the alloy, the cobalt comprising from 15 to 40%
of the alloy, the sum of the nickel, cobalt and iron
being not over 65% of the alloy.

7. An alloy consisting essentially of 20 to 35%
chromium, 10 to 35% tungsten, 20 to 28% cobalt,
20 to 28% nickel, 0.15 to 2% beryllium, 0.50 to
2% boron, and 0.10 to 1% carbon.

8. An alloy consisting essentially of 5 to 40%
chromium, 1 to 40% of at least one tungsten-~
type metal of the group consisting of tungsten,
molybdenum and uranium, 0.05 to 7% beryllium,
0.25 to 7% boron, 0.01 to 3% carbon, an effective
amount of cobalt and an effective amount of
nickel, the sum of the cobalt and nickel consti-
tuting 25 to 52% of the alloy, the tungsten-type
metals not exceeding 40% of the alloy.

9. An alloy consisting essentially of 5 to 40%
chromium, 1 to 40% molybdenum, 0.05 to 7%
beryllium, 0.25 to 7% boron, 0.01 to 3% carbon,
an effective amount of cobalt and an effective
amount of nickel, the sum of the cobalt and nickel
constituting 25 to 65% of the alloy.

10. An alloy consisting essentially of 5 to 40%
chromium, 1 to 40% molybdenum, 0.05 to T%
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 beryllium, 0.25 to 7% boron, 0.01 to 3% carbon,
‘at least 15% cobalt and at least 15% nickel, the

sum of the cobalt and nickel constituting 30 to

529 of the alloy. ,

""11. An alloy containing 5 to 40% chromium,

. 1to40% molybdenum, 0.05 to 79 beryllium, 0.25

to 79 boron, 0.01 to 3% carbon, not over about -

- 5% iron, the balance being substantially all nickel - .

and cobalt, the nickel comprising. from 15t039%

i 10
" of the alloy, the sum of the nicke], cobalt and .. ...

of the alloy, the cobalt comprising from 15 to 40%

- jron being not over 65% of the alloy.
19. An alloy consisting ‘essentially of 5 to 40%
‘chromium, 1 'te:40% uranium; 0.05 to 79%: heryl-

1iim, '0:25 to 1% boron, 0.01 to 39 - ¢carbon, an. .

- effective amouznt of cobalt and an effective amount

- of nickel, the sum of the' cobalt and nickel con- ‘

_ stituting 25 to 65% of the alloy. = =
' 713, An alloy consisting essentially of 5 to 40%

 chromium, 1 t6 40% uranium, 0.05 to 7% beryl-

' lium, 0.25 to 7% boron, 0.01 10 3% carbon, at least ..
' 159% cobalt and’at least: 15% nickel, the sum of

‘! the eobalt ‘and nickel constituting 30 to 52% of

the-alloy.
14. An alloy containing 5 to 40% chromium,

8

1 to 409 uranium, 0.05 to 7% veryilium, 0.25 t6
7% boron, 0,01 to 3% carbon, not over about 5% - -
‘.iron,. the: balance ‘being : substantially all nickel
“and cobalt, the nickel comprising from 15 to 39%

of the alloy, the cobalt comprising from 15t040% :

- of the alloy, the sum of the nickel, cobalt and iron. i
‘being not over 65% of the alloy. ' [EEEELERRRRUE

" DANIEL LEONARD EDLUND.,
. THEODORE LORING OBERLE.
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