.,.____ __
. . -

i

" Ne Drawmg ‘Filed July

" hot working of metals.

tures.

- gradation by heat and- air.
- alloys suitable for Various critical service structural com-

~ ponents such as gas turbine blades, forging dies, extrusion
dies, gasolme and dresel exhaust valves, and: furnace fix-
Shaped objects of these alloys can - be fabrrcated'
. to olose drmensmnal tolerances | | R

CUBALT ALLOYS

a corperation of Delaware

4 Claims, (or. 29-182.5)

o TI:us invention relates to eobalt alloy composrtrorrs snd. B
-~ to metal objects produced therefrom. ~More particularly,
- this invention relates to cobalt base alloy compaositions
- ‘containing substantial amounts of- molybdenum and sili-' =
. con.and to high temperature-resistant articles of manu- = -
R faeture (ie., shaped objects) prepared from such alloys. =
- In recent years there has developed a considerable
. demand for structural materials espable of withstanding
~ temperatures up to 2000-2400° F.; ie., 200-600° G.’
~ higher than presently used iron, cobalt, aod nickel base

12, 1963, Ser. No. 294 753]
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. strengths whteh diminish rapidly above 1600° F.

- found that slloys containing more than 48% by weight

- molybdenum exhibit very poor mechanical properties.
- The use of less than 2% by weight silicon leads to highly
inferior = oxidation resistance at elevated temperatures.

10

3 E% MZ
Patented Apr. 27 1965

Alloys outsrde the above deﬁned ranges are found to

be significantly deficient in one or more -of the above

- e :"f.:" desired erties for the all
Gsylord Darrel Smith, Wilmington, Det., sssrgnor to E I ired propertics for the alloys of the fnvention. Alloys

du Pont de Nemours and-Company, Wﬂmmﬂroo, Det.,-_

containing less than 25% by weight molybdenum hsve'
It-is

Alloys containing more than 10% by wercrht siiicon:
possess inferior mechanical properties.

Other elements may be added to the eobalt—molyb- o

denum—sﬂlcon alloys -of the invention prowded they do

~not have a substantrsl adverse effect upon one or more
of the properties: high transfer. rupture strength at ele-

+ vated temperatures; good impact strength; and excellent
-.oxidation resistance.

There, of course, may be added

- such amournts of other elefnents which will impart to the

alloys can practically be utilized. - Such materials would

~ find use, for example, in the fabrication of turbine blades
- and nozzles for jet engines, gas turbines, and the like, as -
. well as in extrusion dies and forging and other tools for |
It is known that improved high-
temperature properties ‘may result from elemental addi-

- tions to cobalt of refractory metals, such as molybdenum
It is also known that these refractory =
- metals are very suseeotrble to. hrgh—temperature oxidation .
. - and that either coatings or alloys must be perfected to
make the refractory meta]—eontarnmg alloys useful.

and tungsten.

spite’ the fact' that many alloys have been investigated,

De-

It is a primary ob]eot of the present 1nvention to pro-':_: |
vide strong, tough, hest—resrstarlt ulloys eonsrstmg essen--

o tially of cobalt, molybdenum, and silicon in the Propor-
= tions by weight of 50-70% cobalt, 25-48% molybdenum, ©2
'._--_and 2-—-10% srlrcon and shaped Ob]”‘CtS compnsmg sueh -

sﬂoys

and casting.

| Alloy Ob]\.«CtS of the mventlon are p epared etther by o
“melting and casting compositions consisting essentially of a0
- cobalt, molybdenum and silicon in the same proportions.
by weight using ‘temperatures 400-800° F. above the
- solidus temperature or by first préreacting such composi-
~tions of cobalt; molybdenum, and silicon, ‘reducing the
reaction produot to powder size and converting the pow-
_ ders to objects by cold pressing followed by partial melt-

" ing, by hot pressmg at elevated pressures or by meltmg;._'

39 the composition of this invention.

45

- Alloys of eobslt—molybdenum-s*hf"on falhng wrthm the

composition ranges cited above are found to exhibit a

- number of outstanding and surprising properties. |
. alloys are strong at room temperature and maintain high -
. transverse rupture strength at temperatures up to 2200°
- P, These alloys break with no measurable. elongstron_ 55
below 1800° F. but can fail plastreally at hrgher tempera-
Furthérmore, these alloys. exhibit - high impact -
strength and are Tresistant to thermal stress and to de-

These properties make these

tfures.

50
These -

.-'CG*:!S]. Or CO*}MD&
Laves phase in the llquldus-solrdus temperature range of

Total trace volume '.
~ fractions of something less than about 5 volume percent -

- of the following phases may be present in a mlcrostruc-- o
_ ture of these alloys as 1mpur1t1es

: 'ob]eet

- alloys-of the invention, in-an anticipated manner, various N
20

properties that are desirable for special application with-

‘out substantially affecting their inherent attributes as struc-

tural materials. The presence of nonmetals such as car-
bon, sulphur boron, oxygen, and nifrogen, can be tol-
erated in small amounts but the total should not be al-

lowed to exceed about 01 Welﬂht percent of the alloy- |
- composition.

"Examination of alloys of the invention by metallo-

graphro techniques shows that on the basis of micro-
- - structire the alloys consist of about 20-85 volume per-

30

- . need remains for specific superior property combinations.

cent of a Laves phase of the MgZn, type structure and

from about .15-80 volume percent of a matrix composed

of at least one or both of the intermetallic compounds
CosSi or Co;Mog co-exist with the.

Co Co3Mo CoSr
M0381 and M03812

In preparing the composrtroos of eobalt-—molybdenum—' |

silicon from which alloy “objects of the invention are

formed, it is preferred to use commercially pure elements

It is to be understood that minor changes in the relative -
proportions of the essential elements will occur when the -
untreated compositions are coaverted to alloy objects due

- to the ehmmatlofl of expendable impurities in:the starting
o _matemals

However, for simplicity of expression and
ease of understandmg, the proportions of essential ele—-’__-
ments in the untreated compositions and in the. alloy com-

-.-p051trons and-shaped objects are hereafter refelred to in B
- terms of the same numerical valites. . - |

- 'The preferred mode of forming shaped ob]eets corrr-'-
prising alloys of the invention is to first premelt the -~

eobolt—molybdenum-srlleon compositicns, then reduce the.

alloy to a powder and convert the powder to a shapedq_"'_ o
Pre-meltmg of the . essentlal elements insures.
~ uniformity of composition. and structure in the final alloy

80

objects. The premelting step involves the arc-melting or

- induction-melting of the untreated composition of cobalt,

_molybdenum and s1heo11 and then eastmg the melt mto_ |

'buttoos or rngots

The buttons or. mgots are then broken up preferably |
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in steel or tungsten carbide-lined equipment to a fine par-
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" ten Iﬁounds were converted to alloys of the invention by

ticle size, e.g., 95% of which will pass a —240 mesh
screen. The powders are preferably stored in airtight
containers maintained at slightly elevated temperatures
in order to prevent mmsture pickup until used in pro- 5
ducing shaped objects.

- The powders are readily shaped for example by cold
pressing in steel dies at pressures in a range of from about
30-50 tons per square inch, The cold pressed object is
then liquid phase bonded at temperatures between 2100°
F. and 2500° F. for a period of time ranging from less
than one minute to as much as 60 minutes. This tem-
perature range is between the solidus and liquidus line for
these alloy compositions. Inert gas, hydrogen, or vac-
uum furnace atmospheres are satlsfactory and will yleld 15
dense, bright shaped objects.

- arc-melting. The arc-melter was designed with a tung-
sten electrode and a deep boat-shaped copper hearth
to minimize contamination and weight losses. To insure
homogeneity, each sample was arc-melted at least four
times and the resulting alloy butitons were examined
metallographically for property characterization. The
results of examination on these alloys are reported in
Table I below including the v/o of Laves phase deter-
mined, the Xnoop microhardness of the Laves phase, the
average grain size, the type of cast structure, and crystal
structure of the matrix phase. The alloys all exhibit a
Laves phase content between 20 and 85 v/o0. Knoop
microhardness values of the Laves phase present in the

microstructure of these alloy ranges from 900 to 1443,

10

. Table 1

Composition (w/o) Laves | Laves phase (Lavesphase| Composition Crystal
phase | {Kie micro-{ (grain size, structure structure
- {v/o) | hardness) | dia.)in - type of matrix
Co Mo Bi microns | phase
70 28 | 2 20 1,039 - b5 Eutectic__.___| _c_cc..
65 | 256 | 10 50 1, 039 8 Dendrific. . __. CoiMog
65 290 | - 6 50 1,039 15 UV ¢ {2 JUUUUUY
66 | 33 | 2 | .80 1, 039 35 Eutectic
aE B | - dendritic....}] -oe._-.
60 36 | 10 58 1,220 ; 10 Dendritic._ ... CosMog
60 34 6 65 - 950 25 Dendritic+ |
| - ' slight eutec- |
o 17 (I Co;Mos
60 | 38 2 50 1, 039 25 Eutectic-- |
: dendritic__..} _______.
55 35 10 &0 1,231 50 Dendritie. . __. Co28i
Fili] 39 i 8 1, 200 30 Coarse den-
i | | driti¢_-ee-....| CorMos
- B5 4] 4 85 0534 80 Coarse den-
| drites. ...... CorMos
. 55 43 2 75 900 10 Fine grain
{ twophase___| —aoao._
50 40 6 76 - 1,432 20 Coarge den-
) drites. ... Co;Mos
50 48 2 t 76 1,443 15 | Fine grain
| | two phase...! CosMos

Shaped objects can also be made from the powders
by hot pressing the powder in graphite dies at tempera-
tures between 2100° F. and 2400° F. at 1000 pounds per
square inch or higher. Atmosphere control in this opera-
tion is not critical. Soaking time at the operating tem-
perature is dependent upon the mass of the object but
will usually be limited to times in the range of about
5—20 minutes.

50

Shaped obiects caﬁ also be made from the powders

by melt casting them in air, vacuum, or inert atmos-
pheres using molds of graphite or stable oxides, such as
MgO, Zr0,, or ThO,. Graphite crucibles can be used

where the cast objects may be later ground to remove
the surface material contaminated by the graphite. In
forming shaped objects by casting the powders, it is
found that temperatures in excess of 2750° F. are pre-
ferred to obtain good fluidity.

A better understanding of the invention will be gained
from the following working examples. In these exam-
ples, the starting materials employed were of conven-
tional commercial purity. The abbreviations “w/0” and
“v/0” represent “percent by weight” and “percent by
volume,” respectively. |

EXAMPLE 1

60

65

70

‘A series of compositions of cobalt-niolybdenum-silicon |

falling within the cited ranges weighing between one and

75

2462° F, for approximately ten minutes.

iy Sl iplger sl

A 'representat-ive group of_ the alloy buttons of Table

I were then separately ground to powder by jaw crushing

to —4 mesh followed by ball milling, either dry or with
benzene, in a four-quart capacity steel mill (8 inches
diameter) using tungsten carbide imserts (34" x A" x
12""). The mill was run at 60.r.p.m. from one hour to
as much as twenty-four hours to obtain -at least 95%
—230 mesh powder. . |
Solid bars (14" x ¥5’" x 2”") were then made by cold

pressing the compositions in steel dies at pressures in
the range of 30 to 50 tons per square inch followed by

liquid phase bonding at temperatures between 2282° and

Either vacuum
or controlled atmosphere furnaces were used to prevent

- oxidation of the particulate material prior to densifica-

tion.

These bars were then tested to determme the follow-
ing properties: R, hardness; fransverse rupture strengths
at varlous temperatures; impact strength as determined
using unnotched Izod test specimens; oxidation resist-
ance at various temperatures; and thermal shock. The
results of these tests on the shaped objects are reported
in Table II below together with information on the liquid
phase sintering temperature in preparing the bars, the
shrinkage occurring during the smtermg step; and the
bulk density of the shaped objects.




' = C) faﬂed plastmelly

-Table 1T
Cempeeitwn .- L1qu1d phaee | Shrmk N ’I‘raneveree rupture strength, 1,000 p.s.i. - Impact
| (W/O) 1 - emter . durmg SR S . - L | -strength un-
. | 2| liquid o .Bulk | Ra | C e S 1" notched Izod
S T phaee sint.} dens, {Hardness| 70°F. ° 932°F 1472° I, 1832° F. | 2192° F. | test (ft.1bs./
- Co | Mo | 81 | °P. C. f (pereent) | (gifcc.) ol @1°Cy (500“0) S(806° C.) | (1000° C.) ] (2200°C. | . sq.ind)
%0 | 28 | 2 | 2,372 |- 1,300 | cast. | 908 | 80.5 | 1650 | 1540 | 128.0 55 | .. 55,0
65:-1 25 | 10 | 2,174 |- 1,180 21. 5 7.65 | . 77.0 | 78.8 1 - 79.9 68. 0 2267 | e 97.8
60 . 80 | 10 . 2,120 1,160 1 = 30.5 8,34 '83.4 | 854 | 102.0 - 641 21608 | e 28,7
.. &b 36 | 10 2,200 | L,205 y - 30.5 8. 40 - 82,0 | 947 | 10,0 | 980 18,3 e 28.0
- 86} 39| 6 | 2,282 | ;250 2705 - 820 {79 60,9 . B83.8 | e 1 36.3 e S 24.4
55 | 41 4 _2 462 1,350 -85 | 863 | 8 53 - - 54,2 65. 4 72.2 -17..8 24.4 -
50 | 44 | 6 | 2,372 | 1,300 . 335 - | 877 78 .} 53 - 60.6 65 b8. 5 15. 1 24,4
50 | 48 | 2| 2,372 1,300 1 850 | ‘9.00 83- | 631 | 659 56. 1 70.7. 8.9 %60
Composition (w/o) . Oxidation resistance | Sheek: eyeles from 400° F te o |
' B - (mg./in.ﬂllﬂﬂ hrs.) | SR temperature mdieated
Co - Mo 8L 1112° R, 1472° F.. C1832° B, 1472” T, 1652° F. 1832“ F '
| - | - | ®00°C.) (800“ O ) | @a900°C)- (800‘“ C. ) (900° C.) (1{10{}" 0 R
70 | 28 2 ——————— e ~77.0 ——————— U ————
65 25 10 0.0 0.0 e 25 25 *50. | *Crack on 5the ele--—ne
- N B R | - o o ~other effect. -
55 | 8 - f 10 | ... L2 —130.0 25 25 50 |
65 ©. | 8% 6 +2.6 | -39 —84. 0 25 *25; 50 *Slight crack ard c:;'ele—-—ne
R A | o B . ethereﬂeet | |
- bb 41 4 -+2.6 -5, 2 ~77.0 25 25 50 - |
50 44 6 1.6 =71 —~ 77,0 25 25 50 |
. b0 48 *; 2 . +0.6 ~2. 6 -84, 25 25 *0y *Graek on 17th e};felemno
| - . - - S o | ether eﬁect

. It will be noted from the above reported results that

~ the R, hardness number ranges from Ry 77 to Ry 83.4.

. The room temperature transverse rupture strengths range

'~ from about 53,000 to 165,000 Ibs./sq. in.; from about -
- 56,000 to 128,000 lbs. /sq. in. at 1472° F. (800" C.); as’

B lngh as 72,000 1bs/sq. in."at 1832° F

as high as 17,000 1bs./sq. in. at 2192” . (1200"’ C.).
Impact strengths range from 24 to 55 ft. Ibs./ sq. in. The

oxidation resistance is excellent at temperatures below
| -At 1832° F. (1000° C.) the oxida-
. tion rate has mereased to as much as 130 mﬂhgrams
~ weight loss per sq. in. per 100 hours.
- tion is, of course, still acceptable for selected applications.

-1--';1472“ F. (800° C.).
'This rate of oxida-

It will be noted that an i

at all temperatures below apprommately 1800° F. All
- samples lested failed without: yielding: below 1800“ F.
Samples tested in transverse rupture at 2192° F (1200"

B EXAMPLE 2 o
The fellewmg ﬂluetratee hot pressing as a means fer

converting powders of cebalt-molybdenum—sﬂlcon COMi~
position. into ehaped objects of the invention and further

- iliustrates the unique properties and eutetandmg utility
I ﬁf such shaped objects. .. |

A sample of pewder haﬁng the alley cemposmen of

shown in Example 1 above.-

"~ From a part of this sample of powder eight test bars.
(%n '

©2192° F. for five minutes under approximately 3000 -

~ 1bs. /eq in., The averaﬁe R, hardness number for these -

15" x 2”7). were hot pressed in graphite molds at

specimens was 82. The rcom temperature transverse

. rupture strength for the specimens ranged from 83,000
. to 95,000 lbs. /sq in. The average impact strength was
18 ft. 1bs./sq. in. All “the: bele paesed thermal sheck:
N cycle testing WItheut cracking. - i
.~ From the balance of the semple of pewder four discs
(34" thick x 3" diameter) were hot pressed in a graphite |

 mold at a temperature of 2192° F. for 20 minutes under

The: dlecs

‘were determined to have an average bulk c.eneﬂiy of 8.10

- grams/cubic centimeter and R, hardness of 82. The discs
- were then machined by electrospark machining to make

(1000" C), and
35 -
“ventional die matemals

30

Tods.
lets (30 Ibs. each) of AA6063 aluminum alloy preheated

40
- denum-silicon into shaped objects of the invention.

i mportant characteristic of
thess shaped objects is their resistance to- deformation

 extrusion dies for extruding aluminum. Two of these

dies were made to produce 0.850”" round solid aluminum
‘This pair of dies successfully extruded twelve bil-

from 800 to 850° F. at 300 ft./min. with a good finish
on the alui

speed of 150 ft./min. under similar. condltlens Wlth con-'_

EXAMPLE 3

The fOII{}WIIl“ 111ustretes rrre:,ltln«:r'r and castmg as a means
for converting untreated compositions of cobalt-molyb-

"The

- properties ef_ these alley objects are reported in Table

- I belew

45

o0

- 55
B 55 w/o cobalt, 35 w/0 molybdenum, and 10 w/o silicon
~ was made generally in accerdance Wlth the pracedure"i |

or by grinding, electrospark machining, or |
machining. Alloy compositions c:ontammg less than 40% - .

805

| Table III .
: Uitimate tensile strength (084.) oo 131 000 o
| Young’s modulus. (X108 pSL.) oo 354
| Charpy V-—netch 1mpact etrength (f it. lbs / sq |
S 3 s ) _
Ra (as-cast) __.__.._..._'..._._"_'_;_'.._.'..__..e_...__.____'...".__';... | 75-_-—-78
" Ry (after heat treatment at 1600° F./15 hours) ..
- Specific heat at room temperature (Gram-cal /° L
C) e e e o i 0 1 e e e e e e e e e 4t e .127 '
o Spemﬁc heat at 325° F (grem-cm /% C.) i _.111 |
... Thermal cenductmty ( gram—cal /sec /cm 2/° o
C ) ..._..-_..'..' _____ '__'.. _________________________ 07'-"- 08 . |
- Coefficient of expansiocn (x10-% in./in./° F. )
(‘{T to 1580° F.) _..__'__-_.___.-__-________.____.,_:i':f':_ 10 4
~The alloy objects of the invention can be. machmed to
clese telerancee with tungsten carbide teelmg procedures

by weight molybdenum and less than 8% by weight sili-

~con are readily machined with tungsten carbide fooling.

The alloy compositions containing more than 40% by

~ weight molybdenum and more than 8% by weight silicon
are best machined to finished dimension by either electro-
| ';},Spam or ultrasonic meciumng .,eehmques

~alloy objects of the invention may be- sub;ected to vari--

. 70
.~ 3000 Ybs./sq. in.  The resultant discs were determined to
-~ be flaw-free by ultrasome teetlng techniques.

ous metelh.rgcal processes well known in the art; such
- as heat treatment, hot relhng, extrusion, or the like to .

- develep improved properties in an antlclpa ted manner.

e 75

ASs many apparently widely different embodimenis of .
ﬂ‘llS invention may be made without departing from the

spirit and scope thereof, it is to be understood that this

minum. - This compares to a normal production

125

“or ultrasonic

If desired, the_-. o
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invention is not limited to the particular embodiments -

described hereinabove except as defined in the appended
-~ and silicon in the proportions by weight of 50-70%

- claims.
I claim:

1. An alloy composition consisting essentially of cobalt,
molybdenum, and silicon in the proportions by weight of

50-70% cobalt, 25—48% molybdenum, and 2-10% sili-
con.

2. A powder metallurgy composition consisting of fine
particles having a size wherein 95% of said particles
pass a —240 mesh screen, and consisting essentially of
cobalt, molybdenum, and silicon in the proportions by
weight of 50-70% cobalt, 25-48% molybdenum, and
2—-10% silicon..

3. A shaped object formed of the powder metallurgy
composition of claim 2 sintered to a substantlally homo-
geneous composite,

4, A metallurgy composition comprising

a fine pre-

ot

15

reacted powder having all particies pass a —240 mesh
screen, and consisting essentially of cobalt, molybdenum,

cnbalt 25-48% molybdenum and 2-10% silicon.
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