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5 	PROCESSES FOR PRODUCING LOW NITROGEN METALLIC CHROMIUM AND 

CHROMIUM-CONTAINING ALLOYS AND THE RESULTING PRODUCTS 

CROSS-REFERENCE TO RELATED APPLICATIONS  

This application claims the benefit of U.S. Provisional Patent Application No. 

	

10 	14/533,741 filed November 5, 2014, the contents of which are incorporated herein by 

reference in their entirety. 

BACKGROUND OF THE INVENTION  

1. Field of the Invention  

The present invention relates to metallothermic processes for producing metallic 

	

15 	chromium and its alloys. More specifically, the present invention relates to metallothermic 

processes for producing low-nitrogen metallic chromium and chromium-containing alloys 

and to the products obtained by said processes. 

2. Description of Related Art  

The lifespan of rotating metal parts in aircraft engines is typically determined by 

	

20 	fatigue cracking. In this process, cracks are initiated at certain nucleation sites within the 

metal and propagate at a rate related to the material characteristics and the stress to which the 

component is subjected. That, in turn, limits the number of cycles the part will withstand 

during its service life. 

Clean melting production techniques developed for superalloys have given rise to the 

	

25 	substantial elimination of oxide inclusions in such alloys to the extent that nowadays, fatigue 

cracks are mainly originated on structural features, for example, on grain boundaries or 

clusters of primary precipitates such as carbides and nitrides. 

It has been found that the primary nitride particles formed during the solidification of 

alloy 718 (see alloy 718 specifications (AMS 5662 and API 6A 718)) — which is one of the 

	

30 	main alloys utilized in the production of aircraft engine rotating parts and for oil and gas 
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5 	drilling and production equipment — are pure TiN (titanium nitride) and that the precipitation 

of primary Nb-TiC (niobium-titanium carbide) occurs by heterogeneous nucleation over the 

surface of the TiN particles, thereby increasing the precipitate particle size. The particle size 

can be decreased by two means: either by lowering the carbon content as much as possible, 

or by lowering the nitrogen content. 

	

10 	Many commercial specifications for stainless steel, other specialty steels, and 

superalloys, establish minimum carbon content, usually in order to prevent grain boundary 

slipping at the service temperature. As a consequence, the only practical means to decrease 

particle size compositionally is to reduce the nitrogen content in the material as extensively as 

possible. In that way, in as much as the nitrides precipitate first, removing nitrogen 

	

15 	supersedes the importance of removing carbon. 

It is known that removing the nitrogen and/or the nitrogen-containing precipitates 

after the reduction of a metal or metal alloy is an extremely difficult and expensive task. 

Therefore, nitrogen preferably should be removed before or during the reduction process. 

There is a well known process for producing low nitrogen alloys called electron beam 

	

20 	melting; it is very expensive and extremely slow when compared to a metallothermic 

reduction process and therefore, impractical from a commercial point of view. There is also a 

known aluminothermic reduction process (see, U.S. Patent No. 4,331,475) which, as opposed 

to embodiments of the present invention, is not conducted under continuous reduced pressure 

resulting, at best, in a chromium master alloy, with a reduced nitrogen content of 18 ppm 

	

25 	which, when used in alloy 718 production, cannot guarantee an alloy 718 whose nitrogen 

content is below the solubility limit of the titanium nitride precipitate. 
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5 	SUMMARY OF THE INVENTION  

In order to overcome the above-mentioned problems, which have plagued the aircraft 

and oil and gas industries for years, the present invention provides processes for producing 

low-nitrogen metallic chromium or chromium-containing alloys which prevent the nitrogen 

in the surrounding atmosphere from being carried into the melt and being absorbed by the 

	

10 	metallic chromium or chromium-containing alloy during the metallothermic reaction. To 

such end, the processes of the present invention comprise the steps of: (i) vacuum-degassing 

a thermite mixture comprising metal compounds and metallic reducing powders contained 

within a vacuum vessel, (ii) igniting the thermite mixture to effect reduction of the metal 

compounds within the vessel under reduced pressure i.e., below 1 bar, and (iii) conducting 

	

15 	the entire reduction reaction in said vessel under reduced pressure, including solidification 

and cooling, to produce a final product with a nitrogen content below 10 ppm. 

In a first aspect of the processes of the present invention, the vacuum vessel can be a 

ceramic or metallic container lined with a refractory material. 

In a second aspect of the processes of the present invention, the vacuum vessel is 

	

20 	placed inside a vacuum-tight, water-cooled chamber, preferably a metallic chamber. 

In a third aspect of the processes of the present invention, the pressure within the 

vacuum vessel is reduced, before ignition, to a pressure of less than about 1 mbar. And then, 

the pressure can be raised within the vessel through introduction of a non-nitrogenous gas, up 

to about 200 mbar to facilitate removal of by-products formed during the thermite reaction. 

	

25 	In a fourth aspect of the processes of the present invention, the resulting reaction 

products are solidified under a pressure below 1 bar. 

In a fifth aspect of the processes of the present invention, the resulting reaction 

products are cooled to about ambient temperature under a pressure below 1 bar. 

The present invention also provides: 
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5 	Metallic chromium or chromium-containing alloys with a nitrogen content below 10 

ppm. 

The low-nitrogen metallic chromium and chromium-containing alloys with nitrogen 

content below 10 ppm are obtained through use of the above-mentioned processes of the 

present invention. 

	

10 	DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS  

Embodiments of the present invention provides processes for the production of low-

nitrogen metallic chromium or low-nitrogen chromium-containing alloys comprising vacuum 

degassing a thermite mixture of metal oxides or other metal compounds and metallic 

reducing powders, reducing the oxides or compounds of that mixture in a reduced pressure, 

	

15 	low-nitrogen atmosphere, thereby resulting in a metallic product with 10 ppm or less nitrogen 

in the produced weight. 

Preferably, the thermite mixture comprises: 

a) chromium oxides or other chromium compounds such as chromic acid and the 

like which can be reduced to produce metallic chromium and low-nitrogen 

	

20 	 chromium-containing alloys; 

b) at least one reducing agent, such as aluminum, silicon, magnesium and the 

like, preferably in powder form; 

c) at least one energy booster, such as a salt , e.g., NaC1O3, KC104 , KC1O3, and 

the like, and/or a peroxide such as Ca02  and the like, to provide high enough 

	

25 	 temperatures within the melt to insure good fusion and separation of metal and 

slag. 

The processes of the embodiments of the present invention optionally include 

metallothermic reduction of chromium oxides or other chromium compounds such as 

chromic acid and the like to produce the metal or the reduction of chromium oxides or other 



WO 2016/110739 	 PCT/1B2015/002635 
5 

	

5 	chromium compounds together with other elements such as nickel, iron, cobalt, boron, 

carbon, silicon, aluminum, titanium, zirconium, hafnium, vanadium, niobium, tantalum, 

molybdenum, tungsten, rhenium, copper and mixtures thereof in their metallic form or as 

compounds thereof capable of metallothermic reduction. 

Preferably, the reducing agent of the proposed mixture can be aluminum, magnesium, 

	

10 	silicon, and the like; preferably, aluminum is employed in powder form. 

The thermite reaction is carried out by charging the mixture to a ceramic or metallic 

vacuum vessel, preferably lined with refractory material. The vessel is placed inside a 

vacuum-tight, water-cooled chamber preferably, a metallic chamber, linked to a vacuum 

system. The vacuum system will remove the air within the vessel until the system achieves a 

	

15 	pressure preferably lower than 1 mbar. 

After achieving the reduced pressure condition, preferably lower than 1 mbar to 

assure removal of the nitrogen-containing atmosphere, the pressure within the system can be 

raised using a non-nitrogenous gas such as an inert gas, e.g., argon, or oxygen and the like, to 

a pressure up to about 200 mbar to facilitate removal of by-products formed during the 

	

20 	thermite reaction. Once the thermite mixture is ignited, the pressure rises with the evolution 

of gases formed during the reaction, and, as the reaction products solidify and cool, the 

volume of the gases formed as a result of the reaction contracts and the pressure decreases but 

is always below 1 bar. In this manner, the reduction process is completed under reduced 

pressure over a period of time commensurate with the load weight, typically a few minutes. 

	

25 	The process results in the formation of metallic chromium or a chromium-containing alloy 

containing below 10 ppm nitrogen. This is most important since there is ample evidence of 

the remarkable difficulty to remove nitrogen once it is present in chromium metal or 

chromium-containing alloys, even by resorting to techniques such as the much more 

expensive electron beam melting process. 
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5 	The products obtained by the processes described above are permitted to solidify and 

cool down to about ambient temperature under the same low-nitrogen reduced pressure 

atmosphere so as to avoid nitrogen absorption in these final stages. It is considered critical in 

achieving the low nitrogen content metals and alloys of the embodiments of the present 

invention that the entire process from pre-ignition, ignition, solidification and cooling be 

	

10 	conducted under reduced pressure as described herein. 

Preferably, the metals or alloys produced will contain less than about 5 ppm nitrogen 

by weight. Most preferably, the metals or alloys produced will contain less than about 2 ppm 

nitrogen by weight. 

The embodiments of the present invention further includes the products obtained by 

	

15 	the processes described above in addition to low-nitrogen metallic chromium in combination 

with any other elements, which can be used as raw materials in the manufacture of 

superalloys, stainless steel or other specialty steels obtained by any other process, whose final 

content of nitrogen is below 10 ppm. 

Examples  

	

20 	The following examples were conducted to establish the effectiveness of the 

embodiments of the present invention in obtaining low nitrogen chromium and chromium 

alloys. 

In the following examples, an aluminothermic reduction reaction was effected in the 

manner disclosed below. Table 1 summarizes the composition of the materials charged to the 

	

25 	reactor: 

Target Alloy 
Example 1 

Nb17-Cr68-Ni15 
Example 2 

Nb17-Cr68-Ni15 

(g) (%) (g) (%) 
Nb205  267 10.6 795 10.6 
Cr203  1093 43.4 3249 43.3 
N, 165 6.5 490 6.5 
KC1O4  160 6.3 477 6.4 
Al 571 22.6 1697 22.6 
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CaO 265 10.5 789 10.5 
Total 2521 100.0 7497 100.0 

	

5 	In each example, the raw materials were charged to a rotating drum mixer and 

homogenized until the reactants were uniformly dispersed throughout the entire charge. 

The vacuum chamber system was divided in an interior vacuum vessel and an 

external surrounding chamber. The interior vacuum chamber vessel was protected with a 

refractory lining to prevent overheating and to support the reactor vessel. The external 

	

10 	chamber was made of steel and had a serpentine water conduit coiled in heat exchange 

relationship about it to cool and prevent its overheating as well as three ports integral 

therewith: a) an outlet for inner atmosphere removal; b) an inlet to permit backfilling with a 

non-nitrogenous gas; and c) an opening to connect the electrical ignition system with a power 

generator. 

	

15 	The reactor vessel was carefully placed inside the surrounding chamber and then was 

charged with the reaction mixture under the protection of an exhaustion system for dust 

removal. 

Finally, the electrical ignition system was connected and the vacuum chamber was 

sealed. 

	

20 	The system had its inner atmosphere evacuated to 0 6 millibar (mbar) and was then 

backfilled with argon to a pressure of about 200 mbar. Then, the mixture was ignited with 

the electrical igniter inside the chamber under the low pressure inert atmosphere. 

The aluminothermic reduction reaction took less than 3 minutes and gave rise to 800 

mbar as the peak pressure and 1200°C as the peak temperature. 

	

25 	Finally, the chromium alloy was removed from the reaction vessel after complete 

solidification and cooling under the low pressure inert atmosphere. The nitrogen content in 

the chromium alloy of Example 1 was 0.5 ppm and in Example 2 was 0 ppm. 
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5 	Therefore, embodiments of the present invention provide processes conducted in a 

ceramic or metallic vacuum vessel with a refractory, e.g., ceramic, lining placed in a vacuum-

tight, water-cooled chamber wherein the initial pressure is reduced under vacuum to a 

pressure less than about 1 mbar. With this equipment configuration, the extremely high 

temperature generated by the heat released by the thermite reaction is not a limiting factor for 

	

10 	its feasibility, nor is the heat quantity carried by the gases and vapors generated in these 

processes. 

The processes of embodiments of the present invention achieve extremely low 

nitrogen contents due to the fact that these processes are conducted entirely in a reduced 

pressure environment, i.e., below 1 bar, encompassing all phases of pre-ignition, ignition, 

	

15 	solidification, and cooling. 

Numerous variations of the parameters of embodiments of the present invention will 

be apparent to those skilled in the art and can be employed while still obtaining the benefits 

thereof. It is thus emphasized that the present invention is not limited to the particular 

embodiments described herein. 
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5 	 CLAIMS 

	

1. 	Processes for producing metallic chromium or chromium-containing alloys with a 

nitrogen content of below 10 ppm comprising: 

i) vacuum-degassing a thermite mixture comprising chromium compounds 

and metallic reducing agents, contained within a vacuum vessel capable of withstanding a 

	

10 	thermite reaction, to an initial pressure less than 1 mbar; 

ii) igniting the thermite mixture to effect reduction of the chromium 

compounds within said vessel under reduced pressure; 

iii) solidifying the reaction products under reduced pressure; and 

iv) cooling the reaction products to about ambient temperature under reduced 

	

15 	pressure, 

wherein steps ii) through iv) are conducted under a pressure below 1 bar. 

	

2. 	Processes according to claim 1, wherein the vacuum vessel is a ceramic or 

metallic container lined with refractory material. 

	

3. 	Processes according to claim 2, wherein the vacuum vessel is placed inside a 

	

20 	vacuum-tight, water-cooled chamber for the entire reduction reaction. 

	

4. 	Processes according to claim 1, wherein the reducing agent is aluminum. 

	

5. 	Processes according to claim 4, wherein the aluminum reducing agent is in 

powder form. 

	

6. 	Processes according to claim 1, wherein the thermite mixture additionally 

	

25 	comprises 	at least one energy booster. 
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5 	7. 	Processes according to claim 1 wherein the thermite mixture additionally contains 

an element selected from the group consisting of nickel, iron, cobalt, boron, carbon, silicon, 

aluminum, titanium, zirconium, hafnium, vanadium, niobium, tantalum, molybdenum, tungsten, 

rhenium, copper, and mixtures thereof in their metallic form or as compounds thereof capable of 

metallothermic reduction. 

	

10 	8. 	Processes according to claim 1, wherein after vacuum-degassing and before 

ignition, the pressure within the vacuum vessel is increased up to about 200 mbar by introduction 

of a non-nitrogenous gas. 


