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57 ABSTRACT 

Strong, wear-resistant and corrosion-resistant products 
are obtainable from alloys composed of 14-30% mo 
lybdenum, 6-12% chromium, 0.5-4% silicon and at 
least 50% cobalt. This alloy contains 30-60 volume 
percent of a hard Laves phase and, correspondingly, 
40-70 volume percent of a solid solution matrix phase 
containing about 75% by weight of cobalt. 

11 Claims. No Drawings 
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1. 

COBALT-BASE ALLOYS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to a cobalt alloy and, more par 
ticularly, to a novel, strong, wear-resistant, corrosion 
resistant product made from the alloy and the process 
for making such product. 
Manufacturing and processing procedures in the 

fields of metal extrusion, press forging, die casting, 
metal coining, etc. have advanced in recent years to the 
point where the currently-used materials for the con 
struction of equipment are restricting further advance 
ment. In general, the equipment used in these manufac 
turing procedures are made of the tool steels. These 
steels display satisfactory strength, toughness and fabri 
cability but are deficient in their ability to maintain 
these properties at temperatures above 1000 F. Fur 
thermore, these steels lack sufficient oxidation and cor 
rosion resistance. Restrictions on the use of such mate 
rials is also imposed by the fact that galling will result 
from rubbing contact of such materials as aluminum 
and brass with tool steels. Hence, a material is needed 
that will exhibit minimum galling and wear when used 
as a sliding surface under conditions of low lubrication, 
high pressure, high temperature, severe abrasion, and 
the like. 

It is a primary object of this invention to provide 
strong, heat-resistant, wear-resistant, shaped articles. It 
is a further object to provide a novel structural material 
displaying improved room temperature properties, 
some of which are substantially retained at elevated 
temperatures as high as 1000 F. or higher. It is a still 
further object to prescribe at least one process for ob 
taining this novel structural material. Other objects will 
appear hereinafter. 
The objects are accomplished, in the preferred pro 

cess, by melting amounts of cobalt, chromium, molyb 
denum, and silicon at a temperature of 2300-3300 F. 
to provide a molten composition consisting essentially 
of 6-12% (preferably 8-12%) chromium, 14-30% 
(preferably 26-28%) molybdenum, 0.1-4% (prefera 
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2 
of intermetallic compounds and, secondarily, by-solid 
solution alloying. This strengthening is sufficient to per 
mit these alloys to be used at room temperature as well 
as elevated temperatures in the as-cast or as-fabricated 
condition. Examination of the alloys of this invention 
using metallographic, chemical and X-ray diffraction 
techniques reveal the presence of two major phases. 
Specifically, the alloy was found to contain 30-60 vol 
ume percent of a hard Laves phase, structure type 
C-14 having the generic formula MoCoSi; and, cor 
respondingly, about 40-70 volume percent of a solid 
solution matrix phase of cobalt containing about 75% 
by weight of cobalt. It should be understood that small 
amounts of various other phases, e.g., CoSi, CoMo, 
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or various chromium or molybdenum carbides, may 
also be present. 
Pearson, “Handbook of Lattice Spacing." 
Table A contains the metallographic data on selected 

alloys. This table lists the estimated volume percent of 
phases present, the kind of structure, and Knoop (100 
gram load) microhardness value. The strength and hot 
hardness retention of these alloys are attributed to the 
presence of at least 30 volume percent of hard Laves 
phase with the relatively high hardness of the solid solu 
tion as shown by the Knoop microhardness values. The 
chemical composition of the two major phases was de 
termined by electron beam microanalysis. The alloy 
was air cast in an induction furnace and poured into a 
graphite mold. The composition was made from ele 
mental constituents and the resultant composition WS 
verified by wet chemical analysis. The chemical com 
position of each phase was determined by an electron 
beam microanalyzer. This apparatus can determine the 
chemical composition of grains as small as ten microns. 
in diameter with an accuracy of plus or minus five per 
cent of the relative proportion of each element present. 
The hard phase was found to consist of 32.7% molyb 
denum, 7.7% chromium, 1.9% silicon, 1.5% manga 
nese, 54.8% cobalt, balance other. The hard phase was 
identified by X-ray diffraction as a Laves phase, struc 
ture type C-14, of the generic formula MoCo.Si. The 
terminal solid solution of cobalt, the matrix phase, was 
found to consist of 13.9% molybdenum, 7.8% chro 
mium, 0.8% silicon, 1.5% manganese, 74.5% cobalt, 
balance other. 

TABLE A-METALLOGRAPHIC DATA ON SELECTED ALLOYS OF THIS INVENTION 
Chemical Composition (Weight Percent) Hard Phase Matrix Phase 

Co Mo Cr Si C Type of Microstructure Wolume Knoop Wolume Knoop 
Percent Hardness Percent Hardness 

5.6 278 12.0 2.0 Nodular 40 92O O 45O 
620 28.0 8.) 2O : Nodulat plus aminar 4) 1481 6) 735 
59.7 27.9 7.9 4.O (.5 de 60 148 4() 569 
62.6 28.0 8.0 O. 0.2 Nodular plus eutectic 35 920 65 569 
63.4 28.0 8.0 (). ().5 Matrix dendrites plus eutectic 3O 85) 7() 45} 

0.6 Mn instead of carbon. 
O.) B and 0.22r instead of carbcn. 

bly 0.5-2%) silicon, at least 50% (preferably at least 
54%) cobalt, all percentages being by weight; forming 
the molten composition into a shaped article; and cool 
ing the article. 
The novel product obtained as a result of the afore 

mentioned process is an alloy of cobalt, chromium, mo 
lybdenum and silicon in the proportions specified 
above consisting essentially of a cobalt base solid solu 
tion which is strengthened, primarily, by the formation 

60 
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As disclosed previously, the articles of the invention 
may be prepared by melting and casting the novel alloy 
compositions using conventional casting furnaces, 
molds, and techniques. Alternatively, such composi 
tions may be prereacted and the reaction product re 
duced to powder size prior to conversion to shaped ar 
ticles by cold pressing followed by sintering or by hot 
pressing at elevated pressures, or by melting and cast 
ling. 
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The articles of the invention are found to exhibit a 
number of outstanding and surprising properties. They 
tre strong and hard at room temperature and maintain 
hese properties to temperatures as high as 1500 F. or 
higher. While they exhibit no major elongation upon 
racture at room temperature, these articles exhibit sat 
sfactory impact strengths unnotched and at least one 
oot pound of impact resistance in the standard Charpy 
v-notch test. Furthermore, these alloy articles are re 
istant to thermal stress, degradation by heat, air, cer 
ain corrosive media, and molten aluminum. In the 
orm of dies, they are resistant to galling by the extru 
ion of aluminum and brass. Graphite rubbing against 
rticles made from alloys within the scope of the inven 
ion at high speeds and pressures causes virtually no 
wear (i.e., less than one mill of wear for 100 hours of 
peration at 100 p.s. i. and 3500 surface ft/min.). 
These properties make the alloys suitable for a vari 

ty of critical structural components, e.g., dies for ex 
rusion, pressing, coining, casting and forging, gasoline 
ind diesel engine exhaust valves, furnace fixtures, 
:hemical seals, etc. The properties of these alloys also 
nake them useful where a good sliding surface is de 
ired, e.g., seal components, sleeve bearings, bushings, 
alve guides, extruder liners, piston rings and sleeves. 
In the preparation of these products, it is preferred to 

ise commercially pure elements. Since only minor 
hanges in the relative proportions of the essential ele 
ments will occur during the processing, it is possible to 
tart with substantially the amounts of the components 
hat are desired in the final product. Thus, the amounts 
of the element constituents desired in the ultimate 
roduct are melted in a furnace designed for melting 
lloys in a temperature range of 2300-3300 F. and the 
esulting molten composition is cast in molds or cruci 
bles of graphite, cast iron, copper or ceramics. The 
composition may be melt cast in air, vacuum or in an 
nert atmosphere. Conventional shell and investment 
noids may be used for casting the shaped objects. 
In a specific process, the elemental composition is 

melted in an open-air induction furnace lined with 
magnesium oxide or silicon dioxide and is cast into cast 
ron molds. Initially, the desired amounts of cobalt and 
thromium are melted, after which the molybdenum 
ind half of any silicon may be added. The amount of 
ilicon added in this step is only the amount necessary 
or use as a deoxidizer. If vacuum melting is used, the 
ilicon need not be added at this point. The final por 
ion of silicon, which is the amount desired in the ulti 
mate product, is added just prior to pouring the alloy 
composition. Any other alloy additions can also be 
made at this time. Thus, calcium-silicon, ferro-silicon, 
or ferro-manganese may be added to deoxidize the 
illoy or the conventional hot-topping compound may 
be used to minimize porosity and pipe in the articles 
ast. It should be understood that the molybdenum and 
hromium may be added in the form of the cheaper fer 
o-molybdenum and ferro-chromium alloys. However, 
he total iron, which can substitute for part of the co 
alt in excess of 50% by weight of cobalt should not ex 
:eed 10%. More than 10% iron results in altering the 
igh temperature strength and hardness of the alloys. 
As disclosed previously, the percentages of compo 
ents in the final composition should be essentially as 
ollows: 6-12% chromium, 14-30% molybdenum, 
). 1-4% silicon, the remainder being cobalt in an 
(mount of at least 50%. Alloys outside these ranges are 
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significantly deficient in one or more of the previously 
mentioned properties of the alloys of the invention. At 
least 0.1% silicon is necessary for minimum deoxida 
tion and fluidity of the alloy during casting. Up to 4% 
silicon tends to enhance specific alloy properties, pre 
sumably by promoting the formation of Laves phase, 
but more than 4% silicon results in alloys that form brit 

, the articles. Additions of more than 1.0% carbon also 

O 
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tend to cause excessive brittleness. Hence, it is pre 
ferred that the alloy contain 0.02-0.5% carbon as a 
contribution to wear resistance. Up to 2% manganese 
enhances toughness of the alloy by reducing the ten 
dency for sulfur embrittlement. Other elements may be 
added to the compositions of this invention provided 
they do not have a substantially adverse effect upon 
one or more of the desirable properties. For example, 
it has been found that the iron, boron, and zirconium 
may be added in limited amounts for certain purposes. 
The addition of iron has been discussed. Boron and zir 
conium additions have been found to enhance the high 
temperature strengths of the alloys. 
Another method of alloying the components and 

forming the shaped articles is to first premelt the com 
position, then, reduce the resulting alloy to a powder 
and, thereafter, convert the powder to a shaped article. 
Premelting of the essential elements tends to insure 
uniformity of composition in the final alloy article. The 
premelting step involves arc-melting or induction 
melting of the untreated composition followed either 
by atomizing to form the particulate material directly 
or by casting into an ingot and reducing the ingot to a 
powder. Reducing to a powder may be accomplished 
by jaw crushing the material to minus 4 mesh followed 
by milling in a steel or tungsten-carbide lined equip 
ment to a fine particulate size, i.e., 95% of which will 
pass a minus 240 mesh screen. 
The powders may readily be shaped by cold pressing 

in steel dies at pressures of from about 10 to 50 tons/sq. 
in. The cold pressed object can then be sintered or liq 
uid phase bonded at temperatures between 2 100° F. 
and 2500 F. for a period from less than one minute to 
as much as 120 minutes. The liquid phase bonding tem 
perature is between the solidus and liquidus line for 
these alloy compositions. Inert gas, hydrogen, or vac 
uum furnace atmospheres are satisfactory and will yield 
dense, bright, shaped objects. 
Shaped articles can also be made from the powders 

by hot pressing the powder in graphite dies attempera 
tures between 2000 F. and 2400° F at 1000 lbs./sq. in. 
or higher. Atmosphere control in this operation is not 
critical. Soaking time at the operating temperature is 
dependent upon the mass of the object but will usually 
be limited to times in the range of about 5 to 20 min 
lites. 

The following illustrative examples constitute spe 
cific embodiments of this invention and are not in 
tended to be limitative. In these examples, various 
property data are reported. The test methods by which 
these data are obtained are, unless otherwise stated, the 
standard ASTM test methods using standard ASTM 
specimens. 

Examples 1-9 
The following representative series of alloys within 

the scope of this invention are prepared: 

  



Re.28,552 
S 6 

TABLE I 

U.T.S. (Xi () p.s. i.) 
Example Room OOO. F. 200 F. 1500° F. 185() F. 

Temp. 

2 84 73 79 6 28 
3 9. 88 O 86 33 
7 22 125 13 18 28 
9 135 3) 98 9 25 

Example Co Mo C S M In Table III-A, the hot hardness data for some of the 
1 57.6 27.8 12O 2. O6 alloys are compared to data on two commercial tool 
2 59.7 2.9 70 4.0 O.5 steels: Tool Steel A composed of 73.9%. Fe, 2% Cr, 

i. 89 2: 73 is 8: 12% W, 1% V, 0.5% Sio.3% Cand 9.3% MnandTool 5° 63.6 25.6 7.9 8 O6 Steel B composed of 91%. Fe, 5.2% Cr, 1.3% Mn, 1.1% 
s 38 23: 23 g V, 1% Si and O.4% C. The ability of the alloys of the in 
8 64.1 25.6 7.9 8 O.6 vention to retain their high hardness values as tempera 
9 64.9 25.9 74 8 tures are elevated compared to the inability of the tool 
Also contained 0.7% B and 0.9% ar. 2O steels should be noted. 
Also contained .0% . 
Also contained 0.5% C. 
Aiso contained 0.3%. C. 

In preparing these alloys, 10 lbs. of the elemental 
composition is melted in an induction furnace lined 25 
with MgO and cast into graphite molds 4' wide X 8' 
deep. There is no reaction between the alloys and the 
graphite. Initially, the cobalt and chromium are melted 
and the molybdenum and half the silicon are then 
added. The final portion of silicon is added just prior to 30 
pouring the alloy. Any other alloy additions are also 
made at this time. The alloy is poured from the furnace 
into a ladle. Calcium-silicon is added to the ladle to flux 
the alloy and deoxidize the composition. The pouring 
temperature of 2800-3000 F. is measured by an opti- 35 
cal pyrometer immediately before pouring the molten 
metal into the graphite mold. Vermiculite is used to 
cover the casting immediately after pouring to permit 
slower cooling of the ingot. Test specimens are ma 
chined from the ingots using conventional tooling pro- 40 
cedures. Conventional grinding wheels and carbide 
tools are sufficient for all machining operations. 
Table I lists the Rockwell A hardness (RA), the ulti 

mate tensile strength at room temperature (UTS), the 
unnotched impact strength (IS), the Charpy V-notch 45 
impact strength (CIS), and the results of cycling a 4' 
x 4 x 1' specimen in two examples from 400 F. to 
1850 F. and back to 400 F. within 30 seconds, 100 
times. 

50 
TABLE 

Example R. U.S. S. C.S. Effect of 
(X 10 p.s. i.) (ft. lbs.) (ft. Ebs.) Cycling 

78-78 100 3.O O 55 
2 69-70 84 None 
3 74-75 9 3.0 1.O 
4. 79-80 15 3O 1.O 
5 78-79 98 5 1.O. 
6 76-77 95 O 
7 74-6 22 O None 
8 76-76 O 60 
9 78-79 135 1.0 

Table II shows the effect of temperature on ultimate 
tensile strength for some of the alloys. 

65 

TABLE III-A 

Example RO R 6) . Ra 5) R 4() 

2 1,120° F 280° F 1,390 F 58° F. 
3 1,050° F 240°F 130° F 430 F. 
Steel A 60° 1850°F 270° F. 
Steel B 100°F 1, 150° F , 1, 190°F 2()() F. 

Furthermore, the hardness values of the alloys of the 
invention are substantially unaffected by the length of 
time that the alloys are kept at the elevated tempera 
ture. This is shown in Table II-B. 

TABLE II-B 

Ra at 325 F. after. 
Example 5 minutes 3 hours 24 hours 

8 53 63 54 
Steel A 4) 8 

Table IV lists the time-to-rupture data for the alloys 
of Examples 3, 7 and 9. The advantages of the boron 
and zirconium in the alloy of Example 3 are apparent. 

TABLE IV 

Temp. Stress Time Elongation 
Example (°F. (p.s. i.) (hrs.) (percent 

in 1 '') 

3 1,200 80,000 35.4 5.4 
1,350 35,000 909.8 26.2 

7 1,200 80,000 49.8 4.2 
1,200 70,000 2:40 56 
135) 30,000 288.7 S. 
15OO 25,000 19.5 5.5 

9 1,200 8OOOO 36 2.9 
1,2OO 60,000 7O.O 
1,350 30,000 S94 8.2 
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TABLE IV-Continued 

Temp. Stress in Elongation 
Example (°F.) (p.s. i.) (hrs. (percent 

in 1'') 

1350 25,000 148.() 
1,500 20,000 3.7 7.7 

The corrosion resistance of the alloys of the inven 
tion compared to a Control prepared from an alloy 
composition of 53.6 Co, 27.8 Mo, 16 Cr, 2 Si and 0.6 
Mn are presented in Table V-A. The criticality of 
the 12% limit on chromium, particularly with hydro 
chloric acid, will be apparent. 

TABLE V-A 

Av. Cor. Penetration Rate milsim.) at i lo F. 
Example 10% HSO, 78% HSO O% HC 37. HC : 

O.25 0.89 6.0 4.39 
2 ().7 2O,90 9.5 6)5 
8. 0.49 O.O 8.25 O42 
9 60 O.29 2.76 O.20 
Control O.22 O.9) Nt 

resistant 

The oxidation resistance of the alloys of the invention 
are compared to commercial materials currently used 
as oxidation-resistant materials in Table V-B. Thus, 
Control A is gray cast iron (94 Fe, 3.25 C, 1.75 Si, 0.5 
Mn. O.35 P and O. 1 S) which is now used by the die 
casting industry to contain aluminum; and Control B is 
a commercial oxidation resistant alloy of 74.5, Ni, 15 
Cr, 7. Fe, 2.5 Ti and l Cb. 

TABLE V-B 

Dissolution by Resistance to Still Air 
Example Milter Al (mg/cm.fi ()0 hrs.) 

(in/mo.) 375 F. 
1,600°F. 1850° F. 

8. 1.6 7() 
Not tested 1.7 15.8 

3 2.75 8 8 
. O.9 87 

Control A 88 
Ctrl B 2. 133 

Example 1() 
To illustrate the applicability of powder metallurgy 

techniques as a means of preparing alloys hereof, a 
100-pound charge of 62% Co, 28% Mo, 8% Cr, 2% Si 
is atomized to minus 100 mesh powder. The atomiza 
tion is accomplished by induction melting the charge 
and spinning the stream of molten material from a cop 
per plate. The particles solidify as spheres as they are 
quenched by a stream of nitrogen or inert gas, such as 
argon. The charge yields 100% of minus OO mesh 
powder of which 40% is minus 230 mesh. To further 
reduce the powder, a 5-pound charge is ball milled dry 
for ten hours at 60 r.p.m. to obtain at least 95% minus 
325 nesh powder. The mill is a four-quart steel mill (8 
inches diameter) and contains approximately five 
pounds of tungsten carbide inserts (4' X %' X %'). 
Solid bars (4' x %' x 2') are then made by hot press 
ing the composition in graphite dies at pressures rang 
ing from 0.5 to 1.5 tons/sq. in. and temperatures be 
tween 2100°F. and 2250 F. for periods of one minute 

5 

8 
to approximately twenty minutes. The maximum R 
hardness is 82-84 and the average room temperature 
ultimate tensile strength for these bars is 130,000 p.s. i. 

Examples 1 1-13 
The advantages of using the alloys of the invention in 

lieu of tool steels in high temperature applications is il 
lustrated by comparing the performance and operating 
characteristics of each type material in actual service. 

O Results of aluminum extrusion, brass extrusion, and 

15 

25 

30 

35 
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steel coining of engine valves using both type materials 
is shown below. 
The aluminum extrusion experiments of Example 1 

are conducted on a 2,500 ton hydraulic tube extrusion 
press. This press requires a cast aluminum billet 9' dia. 
X 28' long. The initial work is the extrusion of 1.6'' 
dia. tube (1.375' dia. internal dia.) using 6063 alumi 
num (0.4% Si. 0.7% Mg, Bal Al). The billet preheat 
temperature is 8OO. F. The extrusion tooling is pre 
heated to 40O. F. Using nitrided commercial tool steel 
(91.05%. Fe, 5.25%, Cr, 1.25% Mo, 1.00%. Si, 1.05%, V, 
O.40%- C) for the extrusion die and mandrels results in 
an average maximum extrusion speed of 225 ft./min. 
Although a graphite-oil lubricant is applied to the die 
face prior to each extrusion, the dies usually pick up 
sufficient aluminum on the bearing of the die to start 
scratching and galling of the extrudate, thus resulting 
in poor surface finish. These commercial tool steel dies 
require cleaning on the average of every sixth extru 
sion. The die is cleaned by using a small emery drill at 
tached to the shaft of a hand-heid drill too. This action 
eventually results in the rounding of the edges of the 
diethereby necessitating either scrapping or reworking 
of the die. Commercial cobalt base alloys, have been 
unsatisfactory for this application due to rapid failure 
by cracking under load or heat shock. 
A die insert of 64.81% Co, 25.6%. Mo, 7.19% Cr, 

1.8% Si, O.6%. Mn is fabricated from an air cast 3 '' dia. 
slug for insertion in a commercial tool steel die case. 
The insert and case are employed in the same manner 
as the tool steel die. A total of 187 billets are extruded 
through the insert at 330 feet per minute without any 
cleaning being required because of aluminum pick-up 
or galling on the bearing face. 
Free machining brass is used to demonstrate the ex 

trusion tool capabilities of the alloys of this invention 
for extruding copper base alloys in Example 12. Two 
inserts for a two part die holder are machined from air 
cast 3’ dia. slugs of the composition 64.1%. Co, 25.6% 
Mo, 7.9% Cr, 1.8%. Si, O.6% Mn. The inserts are de 
signed to extrude a 0.344 round brass rod. The en 
trance design of the inserts has a straight 30° included 
angle cone leading directly into the bearing area. The 

65 

temperature of the billets is 1450 F. The press liner is 
800 F. and the dies are heated to 900°F. Twenty 8' 
dia, by 32' long billets are pushed through the two 
insert die tool and tool wear is measured for compari 
Son with commercial tool steel wear. No tool wear or 
flow of metal is observed for the inserts made from the 
cobalt-base alloy. Up to 0.060' closure can normally 
be experienced for a tool steel (73.9% Fe. 12.00% Cr, 
0.30% Mn, 0.50% Si, 12.00% W, 1.00% V, 0.30% C) 
conventionally employed for such service under the 
same conditions in five extrusions. 
To evaluate the alloys hereof as steel extrusion tool 

material in Example 13, an automatic valve toggle 
press is selected. This equipment automatically ex 
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trudes steel valve stems and then coins the valve to final 
shape. The dies conventionally employed are made of 
a tool steel (91.05% Fe, 5.25% Cr, 1.25%. Mo, 1.00% 
Si, 1.05% V, 0.40% C) and last between one or two 
hours during which time between 1,000 and 2,OOO 
valves are produced depending on whether the valve 
being made is an intake valve (SAE 1047 steel) or an 
exhaust valve (20 to 22% Cr, 1,475 to 0.575% C, 8 to 
0% Mn, 3.5 to 4.5% Ni, Bal. Fe). Each machine has 

two double die sets; a set consisting of one extrusion die 
and one coin die. 
The heated slug of steel (1850 F. for plain carbon 

steel and 2150 F. for alloy steel) is dropped into the 
extrusion die where the stem of the valve is extruded 
and part of the unextruded material is left at the top of 
the stem. In the next operation, the extruded valve is 
lifted off and placed into the next cavity which contains 
the coining die. The stem of the valve easily passes 
through the hole in the coining die and as the punch 
comes down, the mass of metal on top of the stem is 
flattened out to form the head of the valve. In the 
meantime, the next heated slug has dropped into the 
extrusion die cavity for extrusion. Toggle presses oper 
ate at the rate of 16 strokes/min. in forming the ex 
haust valves; and about 32 strokes/min. in forming the 
intake valves. Voluminous amounts of water-base 
graphite lubricant is used in the dies. Failure occurs 
when the dies are washed out. 
An exhaust coining die machined from an air cast bil 

let of 64.1% Co, 25.6%. Mo, 7.9% Cr, 1.8% Si, O.6% Mn 
(the alloy of the invention) produces 2,800 valves. The 
die fails by cracking. The valves coined by the die made 
of this alloy are dimensionally exact. In contrast to this, 
the conventional tool steel dies have a life of only 1,000 
to 2,000 valves and show gradual wear during their life 
causing the valve-head dimensions to vary. 

Example 14 
The corrosion resistance and the high hardness val 

ues of articles of the alloys of this invention suggest the 
use of this alloy in a number of industrial applications 
that involve both wear and corrosion. One such appli 
cation is a chemical pump seal and another application 
is a grinder wheel in an impact mill for breaking up 
chemical sludge. A simulated performance test for 
evaluating candidate materials as mechanical seals 
comprises rotating a 2.2' dia. seal against a graphite 
stationary seal at a speed of 3,500 r. p.m. and a pressure 
of 100 p.s. i. for 100 hours using water as the liquid me 
dium. The controlled variables are the pressure exerted 
on the seal faces and the water temperature. The mea 
surement of the total wear (carbon seal wear plus me 
chanical seal wear) is used as the performance criteria. 
A wear rate of O.OOO83'' or less per 100 hours is ac 
ceptable; anything over this is considered a failure. This 
wear rate is based on actual life performance of the seal 
assembly of /s' in 15,000 hour service. Under these 
conditions, 85 p.s.i.g. pressure has been established as 
the maximum for almost 95% of the seal materials now 
in use. Among these materials are stainless steel and 
aluminum oxide. 
A test seal is machined from an air cast billet (%' X 

4' x 6') of the composition 63.8% Co, 25.6%. Mo, 
7.9% Cr, 1.8% Si, O.6% Mn., O.3% C. The bearing sur 
face is lapped to within 10 lightbands of flatness and 
then polished on metallographic felt laps to bring the 
surface of the seal into relief. The relief is a result of the 
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10 
relative hardnesses and wear rates of the several pha 
ses. The relief polish causes the harder phases to stand 
out above the softer matrix phase. The relative height 
of the harder phases above the matrix depends on the 
extent of polishing and on the composition selected for 
relief polishing. Approximately fifteen minutes of relief 
polishing results in a relief of approximately 5 to 10 mi. 
crons. A mixture of 10 ml. HNO3, 20 ml. HCl, 40 ml. 
glycerol applied for 30 seconds to the polished surface 
enhances the relief effect. This relief polishing has been 
found necessary for the cobalt-base alloys hereof to 
permit immediate smooth operation of the seal and to 
minimize carbon wear during the breaking-in period. It 
is believed that relief polishing affords some mode of 
hydrodynamic lubrication between the seal insert and 
carbon by the water. The composition tested does not 
wear at all during the 100 hour test at 100 p.s. i. and the 
graphite wear is 0.0001 inch. By comparison, stainless 
steel seals commonly employed seize and gall at this 
pressure and speed. At the same speed and only 55 
p.s.i.g. pressure a stainless steel seal exhibits a wear of 
approximately 0.001 inch. 

Example 15 
Alumina coated nickel-base alloy (62% Ni, 30% Mo, 

Bal. Fe) is found to have a wear rate of 23 mils per year 
in a simulated test of the action of a grinding wheel on 
an impact mill breaking up the bottom sludge in a cool 
ing vessel. The simulated test duplicates the environ 
ment which contains benzonitrile, copper cyanide, 
amine hydrochlorides, and some fluorides and consists 
of rotating a test specimen in the sludge at 3450, r.p.m. 
for 210 minutes at 212 F. A test coupon machined 
from an air cast billet (%' X 4' x 6') of 64.1%. Co., 
25.6%. Mo, 7.9% Cr, 1.8%. Si, 0.6% Mn, representing an 
alloy of the invention, exhibits an erosion rate of 7 mils 
per year. 

Example 16 
To demonstrate the criticality of the compositional 

limits of the alloys of this invention, the components of 
an actual conventional seal operating with a carbon 
graphite sleeve on a two inch diameter shaft are made 
from alloys within and outside the compositional limits. 
The shaft speed is 2500 r.p.m. The seal fluid is water 
at 100 p.s. i.g. and the ambient temperature is 100 to 
140 F. The seal pressure can be varied from 50 p.s.i.g. 
to 300 p.s.i.g. The test time is 100 hours and the total 
wear of the carbon-graphite mating material plus the 
metal surface is used as the performance criteria. The 
seal face temperature is measured as a means of moni 
toring the seal performance in operation. Erratic tem 
perature fluctuations and high seal face temperatures 
are an indication of rapid seal face wear. 
A stellite weld overlay on steel, conventionally used 

in a seal, causes the carbon-traphite to wear at the max 
imum allowable rate of 0.00083 inch per 100 hours at 
a pressure of 50 p.s. i.g. under the conditions described 
above. A seal component, machined from an air cast 
billet of 26% molybdenum, 9.0% chromium, 1.8% sili 
con, 0.6% manganese, no carbon, and the balance co 
balt, causes the carbon-graphite to wear only 0.0001 
inch in 100 hours. Thus, the above test clearly indicates 
the superiority of the alloys of this invention over the 
currently employed stellite overlays as a mating face 
against carbon-graphite in water under the above con 
ditions. The alloy component exhibits no wear. 
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Using the same alloy composition, but increasing the 
seal pressure to 100 p.s.i.g. increases the wear of the 
carbon-graphite seal component in a duplicate test to 
.044 to .048 inch to 100 hours. But this greater wear 
rate can be overcome by adding carbon to the alloy. 
That carbon is beneficial at higher seal operating pres 
sures is shown by the fact that the above alloy contain 
ing an additional 0.36%. carbon causes the carbon 
graphite to wear only 0.000 l inch in 1 OO hours at OO 
p.s. i.g. 
That the chromium content is critical at higher seal 

operating pressures is shown by the fact that an alloy 
containing 28% molybdenum, 2.0% silicon, balance co 
balt and chromium wass tested at three chromium con 
tents: none, 8% and 16%. At 100 p.s. i.g. and 100 hours 
under the above conditions the carbon-graphite wear is 
0.044, 0.0001, 0.136 inch respectively. The limits on 
the molybdenum content are similarly critical. 
What is claimed is: 
1. An alloy composition consisting essentially of at 

least 50% cobalt, 14-30% molybdenum, 6-12% chro 
mium and 0.5–4% silicon, said alloy having a micro 
structure containing 30-60 volume percent of a hard 
Laves phase and, correspondingly, 40-70 volume per 
cent of a solid solution matrix phase. 

2. An alloy composition as in claim 
amount of cobalt is at least 54%. 

3. An alloy composition as in claim 
amount of molybdenum is 26-28%. 

4. An alloy composition as in claim 1 
amount of chromium is 8-12%. 

5. An alloy composition as in claim 1 
annount of silicon is 0.5-2%. 

6. An alloy composition consisting essentially of at 
least 50% cobalt, 14-30% molybdenum, 6-12% chro 
mium, 0.5-4% silicon, up to 0% iron, up to 2% manga 
nese and up to 17 carbon, said alloy having a micro 
structure containing 30–60 volume percent of a hard 
Laves phase and, correspondingly, 40-70 volume per 
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12 
cent of a solid solution matrix phase. 

7. An alloy composition as in claim 6 wherein the 
amount of carbon is O.2-0.5%. 

8. A powder metallurgy composition consisting es 
sentially of fine particles of an alloy having a size 
wherein 95% pass a minus 240 mesh screen, said alloy 
consisting essentially of at least 50% cobalt, 14-30% 
molybdenum, 6-12% chromium and 0.5-4% silicon, 
said alloy having a micro-structure containing 30-60 
volume percent of a hard Laves phase and, correspond 
ingly, 40-70 volume percent of a solid solution matrix 
phase. 

9. A powder metallurgy composition considering es 
sentially of fine particles of an alloy having a size 
wherein 95% pass a minus 240 mesh screen, said alloy 
consisting essentially of at least 54% cobalt, 26-28% 
molybdenum, 8-12% chromium, 0.5%-2% silicon and 
0.2-0.5% carbon, said alloy having a micro-structure 
containing 30-60 volume percent of a hard laves 
phase and, correspondingly, 40-70 volume percent of 
a solid solution matrix phase. 

10. A shaped article consisting essentially of two pha 
ses from an alloy composition, 30-60 volume percent 
of a laves phase having the generic formula MoCoSi 
and, correspondingly, 40-70 volume percent of a sec 
ond phase of a solid solution of a matrix phase of a 
composition containing about 75% by weight cobalt, 
said alloy consisting of at least 50% cobalt, 14-30% 
molybdenum, 6-12% chromium and O.5-4% silicon. 

11. A shaped article consisting essentially of two pha 
ses from an alloy composition, 30-60 volume percent 
of a Laves phase having the generic formula MoCoSi 
and, correspondingly, 40-70 volume percent of a sec 
ond phase of a solid solution of a matrix phase contain 
ing about 75% by weight cobalt, said alloy consisting 
essentially of at least 54% cobalt, 26-28% molybde 
num, 8- 2% chromium and 0.5–2% silicon. 


