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This invention relates to grain-stabilized net 
als and alloys. More particularly the present 
invention relates to grain-stabilized platinun 
metals and alloys thereof, or, to the six metals 
of the platinum giroup, that is, platinum, iridium, 
osmium, palladium, rhodium and ruthenium, and 
to the alloys in which any one of these netals 
is used as the principal ingredient and one or 
several of the others as a minor alloy constituent, 
or, several of these metals are used as principal 
ingredients and one or more of the remaining 
metals as minor alloy constituents, etc. 
The invention is particularly applicable to the 

following metals and alloys: platinum, iridium, 
osmium, palladium, rhodium, rutheniun, alloys 
of platinum and rhodium containing up to 40% 
rhodium, alloys of platinum and iridium con 
taining up to 30% iridium, alloys of platinum and 
ruthenium containing up to 11% of ruthenium, 
alloys of platinum and osmium containing up to 
10% of osmium, alloys of platinum and ruthenium 
and osmium containing up to 7% of OSlinium and 
up to 5% of ruthenium, alloys of platinum, pal 
ladium and ruthenium containing from about 
10 to 77% platinum, 12 to 89% palladiun, and 
1 to 11% ruthenium, alloys of palladium and ru 
thenium containing up to about 10% ruthenium, 
alloys of palladium and rhodium containing up 
to about 40% rhodium, and all the alloys of the 
platinum-palladium system. Also, the invention 
is applicable to alloys of the platinum metals With 
gold as an additional principal or minor con 
stituent, or, wolfram, chromium, molybdenun. Or 
beryllium, etc. from about 0.05 to 8.00%, or net 
als of the iron group (iron, nickel, cobalt) as 
minor constituents. 
The invention also relates to articles inade 

from the above metals and alloys, especially for 
high temperature use, for instance, catalyst 
gauzes, furnace heating elements, therinocouple 
wires, ignition wires, platin in Ware, electric Con 
tact points, spinnerets for glass Srinning, cautery 
points, points for poker work, and the lice; also 
for use requiring great hardness and 'ear re 
sistance, such as fountain pen points. Spinnerets 
for artificial silk spinning, and the like. 8 

Platinum metals are usually refined to an ex 
treme degree of purity while in the netal Sponge 
state. Inherent in such high purity platinuin 
metal sponges is the tendency that when these 
sponges or mixtures thereof are champed into 
compact metal, either by means of the older pow 
der metal methods, or, by means of the newes 
fusion method, the resulting, compacted metal is 
either constituted of large crystals from the very 
beginning, or the metal changes rather readily 
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during process annealing, or during use under 
Sustained high heat into coarse grain structures 
of various kinds (exaggerated grain growth). 
Such grain-growth is often followed by nine 
chanical deterioration, Cracks, etc. making the 
metal useless for further cold Working and/or 
fabricating, or the finished articles turn out un 
Suitable for prolonged use. 

It is generally known today that exaggerated 
grain growth with pure metals and alloys thereof 
under Sustained high heat is due mainly to the 
fact that they are to a very high degree free 
from inclusions. This eXperience was gained 
about forty years ago in connection with the 
fabrication of pure wolfram wire. With regard 
to wolfram the problem of stabilizing grain size 
during high temperature use Was Solved by 
means of the intentional incorporation of 
thorium oxide using the powder metal method. 
The same technique to stabilize grain size by 
means of intentional incorporation of inclusions, 
especially oxide inclusions, has been in recent 
years also adopted in connection. With the metals 
and alloys of the platinum group in order to 
overcome the above characterized difficulties aris 
ing with the high temperature use of these metals 
and alloyS. 
Such intentional incorporation of oxide inclu 

sions for the purpose of frain-stabilization of the 
platinum metals and alloys thereof closely fol 
lows the procedures used in connection with mak 
ing grain-stabilized wolfram wires. The plati 
nun metal sponge powders are provided With a 
certain amount of finely divided refractory oxide 
while these metal sponges are still in the finely 
divided condition; the mixture is packed into 
steel molds and compressed with definite pres 
sure; the resulting compacts are sintered in a 
hydrogen atmosphere for one or more hours at 
temperatitres a few hundred degrees centigrade 
below fusing temperatures; and by means of hot 
working followed by cold working the metal com 
pacts are worked into sizes and shapes rentired 
for technical se. The oxide inclusions utilized 
with this method are renuired to resist hydrogen 
up to highest temperattres and only Such types 
of oxides could be used which resist fusion to a 
much higher degree than the metals and alloys 
With which they are used. The amount of each 
oxide inclusion required for each metal and alloy 
type to effect adequate grain stabilization has 
been determined by test, since it was found that 
different oxides seem to have in this regard 
special properties and do not act alike with re 
gard to grain-stabilization. 



2,636,819 
3 

It has now been found that the platinum metals 
and alloys as specified above lend themselves to 
grain-stabilization by means of oxide inclusions 
in a substantially improved manner over powder 
metal methods by means of fusion provided such 
fusion is accomplished in the presence of a strictly 
oxidizing atmosphere and in the absence of any 
fluxing agent. 

Platinum metals and alloys thereof do not form 
oxides which are stable at the melting tempera 
tures of these metals. Their behaviour towards 
oxygen during high temperature heating can be 
generally characterized about as follows: they 
form oxides in small amount and at rather slow 
rate when heated in the presence of oxygen at 
about 600 to 1200 degrees centigrade. The ox 
ides thus formed are attached to the Surfaces of 
these metals only, and in rather thin layers. 
However, when the temperature rises above about 
1200 degrees centigrade these platinum metal ox 
ides decompose again into metal and oxygen 
with oxygen being quantitatively dissociated off. 
Therefore, on fusion, the platinum metals and 
alloys thereof fuse as metals free from any plati 
num metal oxide. Also, such fused platinum 
metals sorb oxygen only in relatively minor 
amount. 

It has now been found, that the incorporation 
into such platinum metal melts of an element 
(metal or non-metal) of the chemically highly 
active type (initially it may form an alloy, or, a 
chemical compound with these platinum metals) 
in the presence of oxygen and at the high tem 
perature of these melts results in the conversion 
of the chemically active element at a high rate 
into the Oxide. This change into the Oxide is 
enhanced by the high catalytic properties of the 
fused platinum metals in the presence of oxygen. 
Colloidal oxide dispersions are formed, which 
dispersions remain in the nascent State entangled 
with the metals of these melts provided the melts 
are kept free from fluxing agents. When the 
melts are cast and Solidified the oxides thus 
formed act as grain stabilizers for the platinum 
metals. 

Platinum metals and their alloys preserve their 
plastic properties in the presence of the colloidal 
oxide dispersions only when these oxide disper 
sions are incorporated in a limited amount; and 
they become well grain-stabilized only with ox 
ide dispersions which are applied in a well 
balanced adequate amount. These adequate 
amounts must be determined for each oxide. The 
required amounts of oxides are ascertained With 
present-day powder metal methods by means of 
experiment of rather ambiguous type which, 
however, leave many problems in this regard un 
solved, especially with regard to so-called specific 
actions of oxide types applied. 
The method of producing oxide dispersions by 

means of the present invention have resulted in. 
a superior method of determining the above 
fundamental requirements for grain-stabiliza 
tion. It has been discovered that these require 
ments are met when the elements to be changed 
into the oxide dispersions are added based on 
the amount of oxide produced per volume of 
metal to be grain-stabilized expressed by means 
of the well-known chemical gran-equivalents. 
Through this technique of tracing grain-stabili 
zation effects by means of gram-equivalents of 
oxide dispersion used, it has been found that the: 
same gram equivalents of any of the oxides use 
ful in effecting grain-stabilization has an equal 
grain stabilizing effect when used with the Same: 
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4. 
volume of metal. This applies to individual ox 
ide dispersions and also to dispersion mixtures. 
For instance: a normal equivalent weight of be 
ryllium oxide (BeO) that is, 12.6 grams BeO, pro 
duces with 1000 cc, platinum or with 1000 cc. pal 
ladium the same effect as 15.1 grams silica 
(SiO2), 20.1 grams titania (TiO2), 30.7 grams 
zirconia (ZrO2), 66.0 grams thoria (ThC2) or, 77.0 
grams barium oxide (BaO). The equivalent 
Weight of a compound is determined by dividing 
the molecular weight of the compound by the 
Valency of its principal atom or radical. 
The usual percent figures per weight of metal 

do not disclose this important relationship since 
1000 cc. platinum weigh approximately 21,400 
grams, whereas 1000 cc. palladium weigh approx 
imately 12,100 grans. The per cent figures per 
Weight of metal are not a safe guide With regard 
to the important practical problem of how much 
of an oxide dispersion must be used in order to 
effect the Sane grain-stabilization as with a dif 
ferent oxide, or, with different metals and alloys, 
especially since the metals of the platinum group 
vary so much in specific gravities, and since the 
oxide dispersions useful for effecting grain sta 
bilization with these metals vary in gran-equiva 
lent weights from about 12.6 to 77.0. There is 
practically no end of testing and determining 
“best amounts for any particular purpose' with 
the usual rer cent figures per weight of metal. 
By apnlying oxide dispersions in gram-equiva 

lent weights for the purpose of grain-stabiliza 
tion of nilatint in metals and alloys thereof, it 
has been found that metals and alloys which are 
mechanically workable are obtained when Col. 
loidal oxide dispersions are produced in concen 
trations varying from about 0.02 to 2.5 gram 
eqivalents per liter of metal, and a preferred 
average useful grain-stabilization is obtained 
with oxide concentrations varying from about 0.1 
to 2.0 gram eduivalents per liter of metal. 
The accomplishment of this invention, as out 

lined above, requiring that platinum metals and 
alloys thereof be fused with a small but limited 
amount of an element which is able to produce 
On Oxidation, a colloidal oxide dispersion. Within 
the medium of the fused platinum metals, is best 
realized by means of the high-frequenry melting 
procedure. The procedure is as follows: the 
metals to be provided with an oxide dispersion for 
the purpose of grain-stabilization are mixed in 
Sponge powder state with the proper amount of 
powder of the element (base metal) which is 
meant to produce the oxide dispersion. The re 
Sulting mixture is compacted into pellets (bri 
Cillettes) and is transferred to the crucible. At 
first, a non-oxidizing atmosphere, such as hy 
drogen, helium, argon, nitrogen, mixtures there 
of, or vacuun, is applied while the compact is 
slowly heated for reaction. In this manner the 
constituents are made to react chemically, such 
reaction taking place at temperatures varying 
from about 500 to 900 degrees centigrade. Sub 
stantial heat is evolved. As soon as the reaction 
of the constituents has been accomplished (chem 
ical metal compounds are in most cases thus 
formed) the non-oxidizing atmosphere is changed 
to an oxidizing atmosphere, such as air or oxygen. 
The reacted constituents are now fused. Oxida 
ion of the melt starts instantly. The chemical 
Compounds initially formed start to decompose 
On fusion in the presence of oxygen, due to the 
high temperatures and the catalytic properties of 
the patinum metals, so that the small amount of 
the chemically active constituent is converted to 
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a colloidal oxide dispersion in the time range 
varying from a few seconds to about five minutes 
fusion time. ... . . . . 

The above procedure is most useful in cases 
where the platinum metals to be grain-stabilized 
are available in the sponge state as produced 
through the standard refining procedures. How 
ever, in case the metals to be grain-stabilized 
have already been compacted by means of pow 
der metal methods, or, by means of fusion, these 
platinum metals may be grain-stabilized by the 
use of pre-alloys. 
Such pre-alloys are made by reacting in a 

non-oxidizing atmosphere or vacuum sponge 
powder pellets or briquettes which carry in sub 
stantial amount the elements to be later con 
verted into the oxide dispersion. For the purpose 
of pre-alloying these elements may be used in 
amounts of about 0.1 to 25% per weight of metal. 
Another way of making pre-alloys is by wrap 
ping the chemically active element powders into 
platinum or palladium foil and by reacting these 
packages in the presence of a non-oxidizing at 
mosphere or a vacuum at Specified temperatures. 
These pre-alloys may be manufactured in large 
lots, especially in cases when the reacted pre 
alloy is finally fused in a non-oxidizing atmos 
phere or vacuum. The large lots can then be 
Subdivided into the Small lots required for pro 
ducing oxide dispersions having a definite con 
centration. A simpler way is to manufacture 
pre-alloys in Small individual lots suitable for 
direct use with platinum melts or platinum alloy 
nets of definite and standard size. " . . . . . . 

The preferred method of using these pre-alloys 
is by fusing then into the platinum group metals 
or platinuin group netal alleys in the presence. 
of a non-oxidizing or reducing atmosphere in 
order to accomplish the required initial thorough 
Inixture of constituents preceding the oxidation 
of the naelts. The oxidation of these melts is 
then effected by changing to the oxidizing at 
nosphere as soon as such mixing is completed. 
The pre-alloys may also be incorporated by fus 
iing the patinum metals in the presence of an 
oxidizing atmosphere (for instance, air) and by 
adding the pre-alloys, or, by fusing together 
the platinur metals and the pre-alloys in an 
Oxidizing atmosphere. However, such modifica 
tions rarely accomplish the degree of even dis 
tribution of the oxides as are required for good 
grain stabilization while the oxides are in a nas 
cent state as accomplished by the above preferred 
Imethod. 
The above procedures using pre-alloys for the 

purpose of grain-stabilization can also be applied 
With platinum metal compacts which have al 
ready been grain-stabilized either by the powder 
Yetal methods or by the methods of this inven 
tion for the purpose of modifying such compacts, 
or for the purpose of re-Working grain-stabilized 
Scrap netal. 
There is a large number of oxides which can 

be produced by means of this method in the 
highly dispersed state within the medium of fused 
platinum metals for the purpose of grain stabili 
zation. This is especially true, since it has been 
found that this system works well not only with 
colloidal oxides which are solid while forming 
Within the medium of the fused platinum metals 
and alloys giving a solid-liquid dispersion sys 
tein, but also with oxides which form. With the 
liquid platinum metals and alloys liquid-liquid 
dispersions. The latter liquid immiscible oxides 
When present in Small amounts in accordance 
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6 
With this new method, act as grain stabilizers 
On Solidification, in the same manner as the OX 
ides which are dispersed in the nascent state in 
the Solid State. Within the fused metals. For 
instance, by means of the present method, Silica, 
nickel oxide, cobalt oxide, iron oxide, vanadium 
Oxide, boron trioxide, etc., are produced in the 
liquid state. But in this liquid state they are 
immiscible with the liquid platinum metals, and 
they were found to have the faculty when pro 
duced in the special Small amount as required 
by the present method that, while in the nascent 
State, they stay strongly entangled with fused 
platinum metals, especially in the presence of a 
strongly oxidizing atmosphere. 
The following table Summarizes generally the 

most important oxides Suitable for producing 
grain stabilization with platinum metals and 
alloys by means of the methods outlined above. 
The table indicates the amount of element re 
quired to be added to a liter of metal for pro 
ducing a 1.0-normality oxide dispersion. The 
columns at the right end of the table indicate 
for the first and last oxide only, for comparison, 
the oxide per cent figures per weight of metal 
With reference to platinum and palladium. Per 
cent figures per weight of metal are, as men 
tioned above, today usually used; but, as shown 
in the table, they tend to confuse basic issues with 
regard to the grain stabilization problem. 

One Gram Equivalent of Oxide Disper 
sion within the Medium of 1000-cc. Plat 
inum Metal or Alloy 

Percent oxide per 
Weight of Metal 

Base Ele 
Inent, 
grams 

Oxide, granS Palladium Oxide Platinuin 

4.57 
7.08 
9.01 
1.74 
11.80 

0.056 

15.00 
7.31 --- 
18,70 
20.01 
22.70 
29, 31 
29, 60 
39.60 
46.31 
46.71 
48.07 
58.00 
59.50 
63.48 
68.75 

The table includes only the most important 
Oxides that can be used for grain stabilization 
by means of the present system, wherein a lim 
ited amount of a chemically active element, 
while being alloyed with and thoroughly dis 
tributed within any of the platinum metals or 
alloys, is, during fusion of such platinum metal 
or alloy changed into finely divided oxide in the 
presence of an oxidizing atmosphere, and such 
Oxide, while in the nascent state is colloidally 
dispersed either as a liquid, or, as a solid within 
the medium of the fused platinum metals or al 
loys Consisting of metals of the platinum group 
solely or with gold. 

Therefore, the invention is applicable to all the 
elements (metals and non-metals) which, When 
incorporated into any platinum metal or plati 
num metal alloy in the specified small amount, 
fused, and exposed to an oxidizing atmosphere, 
produces a liquid or Solid non-volatile and chen 
ically stable oxide, and, subsequently changes 
the entire System into a colloidal dispersion pre 
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ceding Solidification, wherein the liquid platinum 
metal. (or platinum metal alloy) is the disper 
Sion medium and the oxide is dispersed in the 
liquid, platinum: metal, either in the solid or liquid 
State. 
The above., table includes only a few repre 

sentative metals of the rare earth groups. How 
ever, all the metals of these groups can be ap 
plied, especially also their mixtures. Iron, co 
balt and nickell: may be likewise used in spite of 
the fact that the oxides of these metals do not 
resist reducing atmospheres. However, these 
oxides and mixtures thereon were found able to 
function as grain stabilizing agents on casting 
and Solidification provided the resulting grain. 
Stabilized compacts are used in the presence of 
oxidizing atmospheres. The same applies to 
Systems provided with similar oxides easy to re 
duce by hydrogen, etc. Such as tungsten oxide, 
uranium oxide, etc. The possibilities of using a 
liquid-liquid dispersion Systein of 'producing 
Oxides which withstand reducing atmospheres, 
for instance with silica, vanadium oxide, etc. 
have been already outlined above. Further 
Inore, it should be pointed out that a pirality 
Of tWO and more of those O-retals and metals 
may be used which, on oxidation, form disper 
sions of oxide mixtures having refractory proper 
ties, Such as, aluminum oxide/silica, magnesil m 
oxide/aluminum oxide, ,-iron oxide/chronium. 
oxide, or, beryllium oxide/aluminuin oxide. 
The method used for producing the oxidise diis 

persions as Outlined above is a cheinical sethod. 
The oxides are dispersed within the redit of 
liquid metal in the chemically nasce: State, 
Therefore, these oxides are in a Suprene State 
of dispersion, and, upon solidification of the sys 
tem, better grain stabilization is accomplished. 

However, as is inherent in all chemically 
formed dispersions, especially with dispersions 
which Originate from the system liquid-solid, 
there is the tendency for the dispersed oxides to 
aggregate and to condensate, that is, to decrease 
the degree of dispersion. Such tendencies re 
sult in the crystallization of the dispersed oxides. 
A Sympton of Such crystallization is the for 8 
tion of skins, etc. Changes of this type produce, 
on solidification, grain boundary difficulties. 

It has been found that changes due to agglorin 
eration or condensation of dispersed oxides are 
hardly in evidence with the oxides which form 
liquid-liquid dispersions, that is, with oxides such 
as silica, titania, etc. Further, it has been found 
that with the liquid-Solid dispersions the coinden 
Sation . Of Oxides occurs leSS With those oxides 
which are listed at the top of the above table 
which vary in gran-equivalent Weights froz. 
about 12 to 20 grams, that is, with berylli 232. 
oxide, alumina, and magnesia. However, as 
gran-equivalent weights increase. (see the table 
above) the tendency to condensate becomes pro 
nounced, especially with the oxides which are 
characterized by higher equivalent Weights. 
On the other hand, it has been found that the 

tendency to condensate of those oxides which 
form liquid-solid dispersions decreases as the 
concentration of the solid oxide drops below 0.75 
grann equivalents per liter of metal. It has 
been further found that this tendency to coil 
densate and to agglomerate decreases rather 
consistently when the concentrations of the Solid 
oxides are made to decrease to a concentration 
level of approximately one fifth (0.2) to one 
tenth (0.1) gram equivalents per liter of metal 
about...in proportion as equivalent: . WeightS in-, 
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8 
crease to Such high values as with thorium oxide, 
barium oxide, etc. 
Those grain stabilized ingots characterize 

themselves as the preferable ingots of this in 
Vention. Which either have incorporated ... the 
Oxides effecting grain stabilization by means of 
the liquid-liquid dispersion System with an oxide 
concentration varying from 1.0 to 0.75 gram 
equivalents per liter of metal, or, which have in 
Corporated the oxides effecting grain Stabiliza 
tion by means of the liquid-Solid dispersion sys 
ten with oxide concentrations starting from the 
level of 1.00 gram equivalent per liter of metal 
with oxides having smallest equivalent weights 
(beryllium oxide, aluminum oxide, etc.) and by 
decreasing oxide concentrations to the level of 
about 0.2 to 0.1 gram equivalents approximately 
proportionally as equivalent weights increase to 
those highest values as with thorium oxide, 
barium oxide, etc. 
The preferred concentrations of oxide, ex 

pressed in gram equivalents per liter of metal or 
alloy, is tabulated below for a few of the oxides 
and metals: 

Gram Equiv 
alents of 

Metal or Alloy Oxide EFA, 
Metal or 
Alloy 

Platinum--------------------------------- SiO2----- 0.5-1.0 
Filatin- - - - - - - - - - - SiO2----- 0.5-1.0 

allilun ----...-----...--- . . . - 

Rhodium (up to 40%). - }sio. - - - - - 0.1 -1, 0 
Platinum (10-77%).--- -- 
Palladium (12-89%). SiO2----. 0.1 - 0 
Ruthenium (1-1.1%) 
Platinum BeO.--- 0.20-2.0 
Elain BeO---- 0.50-2.50 
allll-l - 

Rhodium (up to 40%). - Beo-...- 0.50-2.00 
Platinum (10-77%) ----- - 
Palladium (12-89%).--- - BeO---- 0.50-2.00 
Ruthenium (1-11%).----------------------- 

The described System for producing the grain 
Stabilizing agents (the oxides) within the medium 
of liquid platinum metals and platinum metal 
alloys is based on fusion in the presence of an 
oxidizing atmosphere and that the metals con 
Stituting Such medium do not form oxides while 
fused in the presence of an oxidizing atmosphere. 
Due to this fact the method is limited to the 
direct manufacture of grain-stabilized metal and 
alloys from metals and alloys of the platinum 
groupS and to. metals and alloys of the platinum 
Iietal groups modified by the addition of gold 
Since gold is the only other metal not affected by 
fusion in presence of oxygen. 

However, Such grain-stabilized platinum metals 
and platinum metal alloys (and also their modifi 
cations by addition of gold) lend themselves to 
a modification of another kind, namely, by means 
of the addition of alloy constituents such as 
Wolfram, molybdenum, uranium, chromium, 
manganese, iron, cobalt, nickel, beryllium, rhe 
nium, copper, etc. It is essential however that 
the compacts used for such modification with 
these readily oxidizing metal constituents are 
provided, preceding such modification, with oxide 
grain stabilizers of the type which are resistant 
to a reducing atmosphere, such as hydrogen. The 
alloy modification is best accomplished by fusing 
the grain-stabilized platinum metals together 
With the required amount of such base metals in 
the presence of a strong hydrogen blanket or in 
vacuum. In this manner may be produced grain 
Stabilized alloys of the types as follows: grain 
stabilized alloys of platinum and nickel contain 
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ing up to about 10% of nickel, grain-stabilized 
alloys of platinum and Wolfram containing up to 
about 6% of Wolfran, grain-stabilized platinum 
and chromium alloys containing up to about 6% 
chromium, grain-stabilized alloys of platinum 
and copper containing up to about 5% of copper, 
grain-stabilized alloys of palladium and copper 
containing up to about 30% of copper, grain 
stabilized alloys of platinum and beryllium con 
taining up to about 10% of beryllium, etc. 
The ingots as produced by the present inven 

tion can be hot or cold worked with between 
anneals, or both, that is, the initial hot working 
of the still rather thick ingots can be continued 
by cold Working as soon as the ingots have been 
reduced to relatively small size. However, it has 
been found, that best fabricating results are 
attained with any type of grain-stabilized plat 
inunn metal or alloys thereof when the Cold Or 
hot working of the ingots is preceded by a 
soaking anneal at those temperatures found most 
suitable for between anneals and hot work. This 
soaking anneal is then required to precede any 
cooling to room temperature, and, as has been 
further found, any type of hot work is best per 
formed by letting the as-cast ingot cool from 
its high manufacturing temperatures to the tem 
perature most suitable for hot forging, hot roll 
ing, hot Swaging, etc., that is, When the as-cast 
ingot is allowed to cool only to the temperature 
of the soaking anneal preceding hot working. 
The temperatures most Suitable for the soaking 

anneal preceding cold or hot working of the 
grain-stabilized ingots of the present invention, 
and also for between anneals, vary from about 
500 to about 1100 centigrade. These tempera 
tures are merely the temperatures which are 
known and used for effecting the normal recovery 
and relief of internal stress with metals and alloys 
of this invention after any type of cold Or hot 
Work and while they are free from oxide inclu 
sions. The lowest and lower temperatures of the 
above range apply to the pure metals Such as 
platinum, palladium, etc., the higher and highest 
temperatures apply to the alloys of the metals of 
the platinum group, especially to those platinum 
and/or palladium alloys which have been modi 
fied by additions such as rhodium, iridium, ru 
thenium, osmium, and/or Wolfram, chromium, 
molybdenum, copper, nickel, Cobalt, iron, etc. In 
other words, the specified SOaking anneals, and 
the between anneals for the grain-stabilized 
3.netals and alloys of this invention require tem 
peratures for fabricating which are below the 
temperatures which promote the tendency to 
produce grain growth or any type of secondary 
recrystallization with those metals and alloys 
which are free from oxide inclusions. 

Hot and cold working of the grain stabilized 
ingots as produced in accordance with the pres 
ent invention into sheet, foil, wire, etc., can be 
accomplished in the usual manner with total 
area reductions from about 40 to 75%. However, 
in case the metals and alloys of this invention 
are required to be fabricated into catalysts, such 
as gauzes, or, into electrical contact points which 
are known to require that they produce also Spe 
ciai catalytic properties to accomplish Supreme 
electrical performance, etc., total area reductions 
substaintially above the 75% total limit were 
found to produce these catalytic properties in a 
special high degree. And highest catalytic prop 
erties were found with grain stabilized metals and 
alloys when final total area, reductions of at least 
99% were applied, or, when preceding this final 
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10 
total reduction of at least 99%, a total area re 
duction of at least 98% was applied, that is, pre 
ceding the last between anneal. 
The following specific examples serve to illus 

trate the present invention but they are not in 
tended to limit the same: 

Eacample I 
25 OZS., or, 777.5 grams pure platinum sponge 

powder was intimately mixed with 0.125 gram 
beryllium metal powder. The mixture was made 
into Small briquettes or pellets. The resulting 
pellets or briquettes were placed into the cruc 
ible of a high-frequency furnace, were provided 
With a Substantial hydrogen blanket and were 
slowly heated to medium cherry red (about 700° 
centigrade). The beryllium metal reacted chemi 
cally and rather Suddenly with platinum sponge 
to form a beryllium-platinum compound. As 
Soon as the reaction was accomplished, the tem 
perature was increased still in the presence of 
the hydrogen blanket until fusion and the even 
distribution of the beryllium-platinum compound 
within the liquid excess platinum was effected. 
The hydrogen blanket was then removed and air 
WaS allowed to enter the crucible. Oxidation of 
the Small amount of beryllium (about 0.016% per 
weight of metal) started instantly and was com 
pleted in about one or two minutes, due to the 
catalytic properties of the melt and also due to 
the Substantial heat of formation for beryllium 
Oxide (about 144 kilocal. per gram atom oxygen). 
The metal was cast into a graphite mold. After 
Solidification the ingot was transferred to a fur 
nace which was kept at a temperature of about 
600 to 750 centigrade for a 30-minute soaking 
anneal. After Such soaking anneal the ingot was 
hot forged or hot rolled, etc., and finally cold 
rolled or drawn in accordance with fabricating 
requirements, and with between anneais prefer 
ably at about 600-750 centigrade. This ingot 
carried the beryllium oxide dispersion in a con 
centration of about 0.75 gram equivalents per 
liter of metal. 

Eacample II 
10 grams fine platinum Sponge powder were 

carefully mixed with 0.193 gram purified silicon 
(Si) powder. This mixture was wrapped into 25 
grams platinum foil, about .001''' thick (about 70 
Sq. inches foil). Such Wrapping was best accom 
plished by cutting the foil into three evenly sized 
pieces, by shaping one of these pieces into a 
little pouch to serve as a receptacle for the above 
silicon-platinum powder mixture, and by using 
the remaining two foil pieces as receptacles for 
the little pouch holding the Silicon-platinum 
powder. , 

The resulting pack was placed into the crucibl 
of a high-frequency furnace. The crucible Was 
provided With a hydrogen blanket and was slowly 
heated to reaction temperature, about 700° centi 
grade. The reacted pack was permitted to cool 
under the hydrogen blanket. 
The pre-alloy thus produced carried silicon in 

Such an amount that when fused in the presence 
of air and with 742.5 grams pure platinum it pro 
duced a silica (SiO2) dispersion of about 0.75 
gram equivalents per liter of metal. 

742.5 grams platinum (it may be pure platinum 
scrap, or, platinum Sponge, or, both) were placed 
into the crucible of a high-frequency furnace and 
were fused, as usual, in the presence of air. As 
soon as fusion was accomplished a hydrogen cow 
ering was applied to the melt. The above pre 
alloy pack was then added to the melt and was 
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fused under the hydrogen covering until Com 
pletely fused. The hydrogen blanket was then 
removed and air was allowed to act upon the 
melt. One to two minutes were required to pro 
duce the silica dispersion. The melt was finally 
cast in the usual way into a graphite mold and 
the resulting ingot was treated like the ingot aS 
produced by the procedure of Example I. 

Eacample III 
25 oz.s., or, 777.5 grams palladium Sponge and 

0.341 gram finely ground purified silicon Were in 
timately mixed. The mixture was made into 
briquettes or pellets in the usual way. The pellets 
or briquettes were placed into the crucible of a 
high-frequency furnace, and were heated to me 
dium cherry red (about 700 centigrade) under 
a hydrogen blanket to effect the chemical reac 
tion between silicon and palladium. Still in pres 
ence of the hydrogen blanket the temperature was 
increased until complete fusion was effected and 
the silicon-palladium compound was well dis 
solved within the melt. The hydrogen blanket 
was then removed and air was allowed to enter 
the crucible. and to react With the net. It is 
known that liquid palladium Sorbs oxygen from 
the air to a higher. degree than liquid platinuin. 
Therefore, silicon is rather rapidly changed into 
silica. It take approximately one minute to effect 
this change. To remove any excess OXygeia foil 
such a melt, the melt was covered with a Small 
amount of charcoal powder preceding the cast. 
The melt was cast into the usual graphite in old. 
After, Solidification the ingot was transferred to 
a furnace which was kept at a temperature of 
about 600, to 700 centigrade for a 30-minute 
soaking. anneal. After such soaking anneal the 
ingot was allowed to cool slowly in air for cold 
Working. 
The palladium ingot issuing from the above 

procedure carried the silica, grain stabilizer in a 
concentration of about 0.75 gram equivalents per 
liter of metal. 

Ecample IV 

A mixture of 45.0 O2S. pure platinum Sponge 
powder and 5.0 oz.S. pure rhodium sponge powder 
were provided with .412 gram finely ground puri 
fied silicon (Si). The silicon powder was inti 
mately mixed into the platinum-rhodium sponge 
powders. This final mixture was made into bri 
quettes in the usual way. The briquettes were 
placed into the crucible of a high-frequency fur 
nace. In the presence of a hydrogen blanket the 
briquettes were heated to red heat (about 700° 
centigrade). Thus the chemical reaction of sili 
con with the platinum metals was effected. 
Heating under the hydrogen blanket was con 
tinued until complete fusion of the constituents 
was accomplished. After such fusion the hydro 
gen blanket was removed and air was allowed to 
enter, the crucible. Oxidation of the Silicon 
started instantly. After about one to two min 
utes the melt was cast into the usual graphite 
crucible (preceding casting the metal may be 
allowed to cool slightly within the Crucible). 
After solidification the ingot was transferred to 
a furnace which was kept at a temperature of 
about 650 to 800° centrigrade for a 30-minute 
soaking anneal. After Such soaking anneal the 
ingot was hot forged and hot rolled into wire of 
about .300' diameter. The Wire Was Once more 
submitted to a soaking anneal for about 2 to 3 
hours at about 650 to 800 centigrade, preferably 
by means of an electric furnace and in the pres 
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ence of air. After such soaking anneal the wire 
was allowed to cool slowly in air. 
For ful; the fabricating into Wire for making 

catalyst gauze, the above procedure was con 
tinued as follows: the .300 Wire had its surface 
cleaned by pickling with dilute aqua regia, which 
had incorporated Some animonium chloride. 
After Such pickling cleaning the wire was cold 
rolled to the size of .150', was annealed once 
II:Ore for about three hours at about 650 to 800 
centigrade in an electric naufile furnace, was al 
lowed to cool in air, and was once more cleaned 
by means of pickling. Wire drawing was con 
tinued to the .025' size. At this stage another 
3-hour anneal at about 650 to 800 centigrade 
Was applied. This was the last between anneal. 
From this .025' size the wire was in the usual way 
cold drawn to the finishing Size of .0024''. 
The metal of this wire carried a silica, disper 

Sion concentration of about 0.75 grann equivalents 
per liter of metai. 

Eacomple V 
2 CZS. (62.2 grams) pure platinum sponge pow 

der and 0.422 gram thorium metal powder were 
carefully mixed and made into a tablet. The 
tablet Was Wrapped into platinum foil about .001''' 
thick; this l'equired another ounce of platinum. 
The resulting pack. was heated in vacuum to 
about 650-750° centigrade for reaction. Such 
heating may either be accomplished by means of 
2n electrically heated tube furnace, or, by means 
of a high-frequency vacuum furnace equipment. 
The reacted pack was allowed to cool in vacuum. 
42 OZS. pure platinum sponge powder and 5 ozs. 

pure rhodiuin Sponge, powder were intimately 
mixed. The mixture was made into small pellets 
by means of a power-operated pelleting machine. 
The resulting pellets were fed into the crucible 
of a high-frequency furnace together with the 
above reacted pack and in a manner that the 
pack was well covered by the small pellets. 

Fusion of the pellets and the reacted pack was 
accomplished in the presence of a substantial 
hydrogen blanket. After complete fusion the 
hydrogen blanket was removed and fusion was 
continued in the presence of air. Thorium was 
rather rapidly changed into thorium oxide due to 
the Substantial heat of formation of Thoz. It 
took approximately one minute to effect this 
change. The melt was cast in the usual way into 
a graphite mold. After solidification the ingot 
Was treated in the same manner as the ingot of 
Example IV. 
The metal of this ingot carried a thorium oxide 

dispersion acting as grain stabilizing agent in the 
concentration about one tenth (0.1) gram equiv 
alentSperliter of the alloy. 

Eacample VI. 
31 O2S. platinum Sponge, 14 oz.S. palladium 

Sponge, and 5 OZS. ruthenium powder were mixed 
together. This mixture was provided with about 
0.500 gram finely ground purified silicon (Si). 
The Silicon Was intimately worked into the above 
platinum metal Sponge mixture. The resulting 
mixture was made into pellets or briquettes. The 
pelletS or briquettes were placed into quartz boats, 
Were paSSed through a conveyor type furnace 
Which Was Operated with a hydrogen atmosphere 
at a temperature of about 650 to 750 centigrade 
to effect reaction between the metal powders and 
the Silicon. The reacted pellets were placed into 
the crucible of a high-frequency furnace, were 
provided With a hydrogen blanket and fused. 
After fusion the melt was exposed to air for oxi. 
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dation, for about one to three minutes. Preced 
ing casting the melt was allowed to cool slightly 
and was provided with small amount of char'- 
coal powder to remove excess OXygen from the 
melt. 
The ingot thus produced carried a silica dis 

persion of about 0.75 gran equivalents per lite 
of alloy, after solidification. 
The ingot while still white hot was transferred 

from its graphite mold to a furnace held at the 
temperature of about 600 to 750 centigrade, and 
was kept there to slowly cool to this temperature 
and to be submitted to an additional anneal of 
at least half an hour. The ingot was then hot 
forged and hot rolled to about .100', in case a 
sheet metal bar was to be made, with internedi 
ate annealings at the above temperatures. After 
a final soaking anneal of about half an hour the 
sheet was allowed to cool slowly to room ten 
perature for further cold Working. 

Cold working was accomplished with strong 
individual passes and in a manner that reduc 
tions per pass were increased per each individual 
pass. Between anneals, total reductions of at 
least 75% and more were applied in case the alloy 
was required to be used for electrical contact 
points. Between anneals were made at about 
600 to 750° centigrade and the metal was allowed 
to cool slowly to room temperature after each 
between anneal. 
The foregoing examples illustrate Some of the 

modifications of my invention in regard to com" 
mercial pure platinum such as is generally used 
for ware fabricating, for alloying, etc., the coin" 
mercial pure palladium which is used for alloy 
manufacture, for compact metal catalysts, etc., 
the high grade platinum and rhodium metals as 
used in the manufacture of those important plat 
inum-rhodium alloys now generally used for galize 
catalyst fabricating, and the pure platinum, pai 
ladium, ruthenium metals which are used in the 
manufacture of those well-known ternally alloys 
for use in electrical contact fabrication. FiOW 
ever, the invention is equally applicable to all the 
grades of the platinum metals, to the C. P. (that 
is, chemically pure and spectroscopically pure) 
platinum metals as well as to all commercial 
shades of these metals and alloys thereof. The 
invention is especially applicable to those alloys 
mentioned above, which are known as the most 
used platinum metal alloys of the present-day. 
But, it is also applicable to Such platinum alloys 
and platinum metals which are modified by 
means of base metal constituents, Such as Wolf 
ram, molybdenum, chromium, nickel, cobalt, iron, 
copper, etc. in this special case the base metails 
are incorporated into the already grain stabilized 
platinum metals and alloys thereof by means of 
fusion in presence of a hydrogen blanket, or by 
applying a Vacuuin. 

It has also been found that the principle, 
methods and procedures as outlined above with 
regard to the metals of the platinum group and 
their alloys can also be applied to produce grain 
stabilized fine gold and gold alloys with metals 
of the platinum group, gold being in this case 
the principal ingredient. Also, such grain sta 
bilized fine gold and gold alloys having the net 
als of the platinum group as minor ingredients 
may also be modified in the presence of a reduc 
ing atmosphere or by means of fusion in Vacuun 
with any suitable type of base. metal. 
The method of bringing the constituents to 

gether may be varied in many other ways than 
as shown in the examples, especially, thenant. 
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14 
ner in which the constituents which produce the 
oxide dispersions during fusion in the presence 
of the oxidizing atmospheres (such as air, air 
enriched with Oxygen, pure Oxygen, Or Oxygen 
diluted by means of other gases than nitrogen, 
etc.) are initially reacted with the platinum 
metals preceding the final fusion procedure. 
Instead of effecting the chemical reaction direct 
ly within the high-frequency furnace crucible 
in the presence of a lhydrogen blanket, Or, by 
means of a heat treatment in a conveyer furnace 
operated with a hydrogen or Cracked ammonia, 
gas atmosphere, the reaction may also be ac 
complished by means of a torch operating with 
a reducing flame, in vacuum, or it may be ef 
fected in the presence of argon, helium, etc. 
The most effective oxide dispersions are pro 
duced by means of the described chemical pro 
cedures when, preceding oxidation the constitu 
ents which are expected to produce the oxide dis 
persions, are most evenly distributed within the 
melts Serving as medium to hold the dispersion. 
Due to the oxidizing melting procedure of this 

invention which requires time to produce the 
oxide dispersion, it may happen that melts are 
sometimes cast in an unduly overheated state 
with the known ingot defects resulting from 
overheated metal. Such ingots can, however, 
be remelted and cast in the required normal way 
Without interfering with the State of the oxide 
dispersions effecting grain stabilization provid 
ed. Such remelting is accomplished in the absence 
of any flux. Such remelting can be done either 
in the presence of a hydrogen blanket when such 
remelting is applied for the purpose of making 
grain stabilized alloys having as constituents 
platinum metals and base metals (such as 
Wolfram, nickel, etc.), Or, in the presence of air, 
O by means of vacuum. 
The grain Stabilized platinum metals and al 

loys thereof, and their modifications by means 
of base metal constituents, etc., as manufactured 
in accordance with the present invention have 
the same characterisics as those metal compacts 
Which are made to carry heterogeneous inclu 
Sions and have them incorporated by way of the 
Well-known powder metal methods. They have 
mechanical stability under Sustained high heat 
and are, therefore, a superior type of material 
for making articles which require stability when 
used under great heat. With this heat stability 
they combine also a superior type of mechanical 
workability. Since in accordance with the pres 
ent method grain stabilization can be well regu 
lated regardless of the type of oxide dispersion 
used, the metals and alloys produced in accord 
ance with this invention lend themselves well 
to fabricating those intricately shaped articles 
like electrical contact points, gauze catalysts, 
Spinnerets, ware, etc. which are expected to per 
form Supremely while under heat. 

In accordance with the invention as disclosed 
heretofore, concentrations of dispersed oxides 
acting as grain stabilizers with the solidified 
metals are recited in the claims in gram-equiva 
lents per 1000 cc. of the metal or alloy. 

70 

75, 

The oxides suitable for grain stabilization 
were until recently required to be “refractory,' 
that is, to be non-volatile, chemically stable, 
and to resist fusion to a higher degree than the 
metals and alloys with which they were used. 
Therefore, "refractory' is used in the specifica 
tion and claims in the strictest Sence of this 
definition. However, as Outlined in accordance 
with the present invention, grain stabilization - 
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of metals is in nor way: limited to this type off 
oxides. It can be effected also by means of ; oxe, 
ides which care present; in the liquid phase when 
the metals are in the fused State. . 
The term 'between-anneal-temperatures, as: 

used in the claims, are those temperatures; which: 
are known and generally used for effecting. the, 
normal recovery and relief of metals: after; any, 
type of cold, or hot, work: when they are free 
from graini stabilizing: oxides. . . 

It will be obvious to those skilled: in the art. 
that various changes may be made without, der 
parting from the spirit of the invention; and, 
therefore the invention is not limited to what is 
described in the: Specification but. Only as ...in 
dicated in the appended claims. 

I claim: . . 
1. In a processfor producing a grainstabilized: 

metal chosen from the group. Consisting , of 
platinum, iridium, cosmium, palladium, rhodium, 
ruthenium, and mixtures of these metals; 3. the 
steps comprising fusing the metal.in the absence 
of a fluxing agent, incorporating into said fused 
metal; in a non-oxidizing; y atmosphere an ele-- 
ments capable of forming' On. Oxidation. at the 
fusion temperature of Said metal a non-volatile. 
chemically stable oxide in an amount. which will 
result in the formation of between approximate 
ly 0.02 to 2.5 gram equivalents.' of the oxide.' of . 
said element per;liter of said metal, effecting.an 
even distribution of Said element, in Said fused. 
metal in the presence, of the non-Oxidizing: "at-, 
mosphere, replacing, the: inon-oxidizing atmos--" 
phere in contact with Said...fused metal by an 
Oxidizing atmosphere while Said, metal is nail 
tained in ; the: fused, state, thereby is converting 
Said element: to the oxide and producing a col 
loidal dispersion of the oxide of said element 
in said fused metal which acts as the dispersion" 
medium. 

2. In a process in accordance with claim it, the 
additional steps of casting said dispersed System 
into, an ingot, cooling said hot ingot to the 'be 
tween-anneal-temperature of , said metal, and 
soaking said ingot at said temperature preceding 
the Working of the ingot. . 

3. In a process for producing a grain stabilized 
metal chosen:from the group consisting of plat 
inum, iridium, , osmium, palladium, rhodium, 
rutheniuin. and inixtures" of these metals, 'the 
steps comprising fusing the metal in the absence. 
of a fluxing agent, incorporating into said fused 
metal in the presence of non-oxidizing atmos 
phere an element capable of forming on oxidation. 
at the fusion temperature of Said metal a non 
volatile chemically stable oxide in the liquid state. 
immiscible with said metal, said element being. 
added in an amount Which Will result in the for-. 
mation of approximately 0.02 to 2.5 gram-equival, 
alents of the oxide of said element per one liter. 
of said metal, effecting an even distribution of 
said element in said fused-metal in the presence. 
of the non-Oxidizing atmosphere, replacing, the: 
non-Oxidizing atmosphere in contact. With said 
fused metal by, an oxidizing atmosphere while. 
Said :letal is maintained in the fused state, there 
by converting said element to the oxide and pror . 
ducing. a colloidal; liquid-liquid dispersion of the: 
oxide of said element in said fused metal, which: acts as the immiscible dispersion medium. '. 

4. In a process for producing; a grain stabilized 
metal chosen:from the group consisting of plat. 
inum, iridium, OSmium,... palladium, rhodium,' 
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steps.comprising fusing the metal in the absence 
of a fluxing agent, incorporating into Said fused 
metal in the presence of a non-oxidizing atmos 
phere an element capable of forming on OXida 
tion at the fusion tenperature of Said metal a 
non-volatile, chemically stable oxide in the Solid 
state, Said element: being added in an amount 
which Will result in the formation of , approxi 
mately 0.02 to 2.5 gram equivalents of the oxide 
of said element per one liter of said metal, effect 
ing: an even distribution of said element in said 
fused metal in the presence of the non-oxidizing 
atmosphere, replacing the non-oxidizing atmos 
phere in contact with said fused metal by an 
oxidizing atmosphere while Said mixture is main 
tained in the fused State, thereby converting said 
elenent to the oxide and producing a colloidal 
liquid-Solid dispersion of the oxide of said ele 
ment in said fused metal which acts as the dis 
persion medium therefor. 

5. In a process in accordance. With claim 4 
Wherein the aimount of said element to be added 
Varies Within the range specified approximately 
inversely as the equivalent weight of the element. 

: to be added whereby a greater amount of the 
element is required for an element having a lower 
equivalent Weight and a smaller amount of the 
element is required for an element having a 
higher equivalent weight. 

6. A grain Stabilized metal consisting predom 
inantly of a metal chosen from the group consist 
ing of platinum, iridium, osmium, palladium, 
rhodium, rutheniuin and mixtures of these met 
als, and approximately 0.02 to 2.5 grann equiva 

5 lents of a non-volatile, chemically stable oxide 
per liter of Said metal, the constituents being in 
the State of a liquid, colloidal disperse system 
prior to Solidification of the system in which the 
metal acts in the fused state as the dispersion 
medium and the non-volatile chemically stable 
oxide is the dispersed part uniformly distributed 
in the dispersion medium. 

7. A grain stabilized metal consisting of a metal 
chosen from the group consisting of platinum, 
iridium, osmium, palladium, rhodium, ruthenium, 
and mixtures of these metals, and approximately 
0.02 to 2.5 gram equivalents, of a non-volatile, 
chemically stable oxide in liquid phase per liter 
of Said metal at the fusion temperature of said 
metal which is immiscible with said metal the 
constituents being in the state of a liquid-liquid 
colloidal disperse system prior to solidification 
in which the metal acts in the fused state as the 
dispersion medium and the non-volatile chemi 
cally stable oxide acts in the fused immiscible 
state as the dispersed part uniformly distributed 
in the dispersing medium. 

8. A grain stabilized metal consisting of a metal. 
chosen from the group consisting of platinum,.. 
iridium, OSmium, palladium, rhodium, ruthenium, 
and mixtures of these metals, and approximately , 
0.02 to 2.5 gram equivalents of a non-Volatile, 
chemically stable oxide in solid phase per liter 
of Said metal, the constituents being in the state 
of a liquid-Solid colloidal disperse system prior 
to 'Solidification in which the metal acts in the 
fused state as dispersion medium and the non 
volatile chemically stable oxide acts in the solid 
state as the dispersed part uniformly distributed 
in the dispersing medium. 

9. A grain stabilized metal as claimed in claim 
6 modified by the addition of a base metal cho 
Sen from the group consisting of Wolfram, molyb 
denum, chromium, beryllium, iron, nickel, cobalt, 

ruthenium. and mixtures, of these: metals, the scopper, silver and gold by means of re-fusion of 
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the grain Stabilized metal in a non-Oxidizing at 
mosphere. 

10. In a process in accordance with claim 1, 
re-fusing the grain stabilized metal produced 
thereby in a non-oxidizing atmosphere, and add 
ing a base metal chosen from the group consist 
ing of Wolfram, molybdenum, chromium, beryl 
lium, iron, nickel, cobalt, copper, silver and gold 
While maintaining the non-oxidizing atmosphere. 

11. In a process for producing a grain stabilized 
metal chosen from the group consisting of plat 
inun, iridium, osmium, palladium, rhodium, 
ruthenium, and mixtures of these metals, the 
steps comprising fusing the metal to be grain 
stabilized, applying a non-oxidizing atmosphere 
in contact with the fused metal, adding a pre 
alloyed metal to the fused mass, said pre-alloyed 
metal comprising a Small amount of said metal 
to be grain stabilized reacted in a non-oxidizing 
atmosphere With an element capable of forming 
On Oxidation at the fusion temperature of the 
metal a non-volatile chemically stable oxide, 
maintaining the non-Oxidizing atmosphere in 
contact with the mass until the pre-alloyed metal 
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has fused, replacing the non-oxidizing atmos 
phere in contact with said fused mass with an 
oxidizing atmosphere while said mass is main 
tained in the fused state, thereby converting said 
element to the oxide of said element and produc 
ing a colloidal dispersion of the oxide of said ele 
ment in said metal which acts as the dispersion 
medium, the amount of said element added being 
sufficient to produce between approximately 0.02 
to 2.5 gram equivalents of said oxide per liter of 
said metal. 

w JOHANN. S. STREECHER. 
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