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This application is a continuation-impart of U.S./patent 
application 4,864, ?led January 27, 1960, now abandoned. 
The present invention pertains to a process for produc 

ing columbium alloys from oxidic columbium-tantalum 
starting materials. More ‘speci?cally the present inven 

‘ ,tion pertains to a processfor producing columbium alloys 
having a higher columbium-tantalum ratio than the co 
lumbium to tantalum ratio in the columbium-tantalum 
oxidic starting materials. _ 

Industry is demanding an ever-increasing volume of 
low-priced columbium alloys for use in various ?elds. 

. Coupled with' the demand for an increased volume of 
low' priced columbium alloys is a stipulation for more 
‘stringent product quality. 

Tantalumfis' the major, and most persistent, ‘contam 
inant of columbium metal and columbium alloys and 
the‘separation of tantalum from columbium is extremely. 
dif?cult because of the sharp similarity in their chemical 

L ‘ behavior. 
Several methodsof solving the tantalum contamination 

problem have been attempted. They consist of: (l) the 
employment of natural ‘ores’ with‘ a high columbium 
tantalum ratio; (2) the enrichment of common ores with 
a high grade columbium oxide (a by-product of tantalum 

’ The above ?rst method, is amenable for use on high 
:grade oxidic ores of columbium which are characterized 
by columbium~tantalum ratios of up to 5040-1. 
The second method required several re?ning steps and 

r is considerably more expensive in view of the cost of high 
grade, columbium cake and its relative unavailability. 

It is ‘an object of the present invention to provide a 
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phorous and having a columbium to tantalum ratio of ‘ 
_ greater than 6:1 with an'alloying agent, a ?uxing agent 
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process whereby the columbium-tantalum ratio in colum- ~ 1 
bium alloys is upgraded over the columbium-tantalum 
ratio‘in' the oxidic starting materials to greater than 200 
to 1. . r <- . . - 

Other objects will be apparent from the subsequent 
disclosure and appended claims. 7 . 

The above objects are achieved by, admixing an oxide 
of columbiumgand tantalum withnan alloying agent, a 

_ ?uxing agent and atleast one reducing agent selected from 
the group consisting of aluminum and silicon wherein 50 
thejamount of the selected reducing agent in less than a 

I i the e?ective amount of reducing agent stoichiometrically 
required to reduce all the oxidic columbium and tantalum 

I. values to columbium and tantalum metal and charging 
the admixture into a suitable furnace for reduction. 7 
, 'Though the above mentioned process accomplishes the 

’ objects of the present invention a more preferred embodi 
,ment of the present invention comprises admixing an 

' oxide source of columbium and tantalum which has been 
pretreated to remove tin and phosphorus with an alloy 
ing agent, a fluxing agent and at least one reducing agent 

~ selected from the ‘group consisting of aluminum and silicon 
wherein the amount of selected reducing agent is substan 
tially less than the eifective amount of reducing agent 
stoichiometrically required to reduce all the oxidic colum 

to ~provide heatgto the admixture whereby a reduction 
reaction is conducted. 7 . 
The most preferred embodiment of the present inven 

elemental ‘aluminum and/or elemental ‘silicon. 
60 

65 . 

V bium and._ tantalum values to columbium and tantalum , . 
- metal and‘v charging the admixture into a suitable furnace 

70 
tion comprises admixing an oxide of columbium and tan- .7 

3, "talum which has been pretreated to remove tin and phos 

‘ alloy as a reductant. 

and at least one reducing agent selected from the group 
consisting of aluminum and silicon wherein the amount 
of selected effective reducing agent is from 40 to 90 per 
cent of the stoichiometric amount of ‘reducing agent re 
quired to reduce all the oxidic columbium and tantalum 
in the starting materials to columbium and tantalum metal. 
The columbium-tantalum ratio in the oxidic starting 

material may vary over a wide range without substantially 
aifecting the capacity of the present novel process ‘for 
upgrading the columbium~to~tantalum ratio during reduc 
tion of the oxides to metal. Examples of suitable starting 
materials include columbite and other columbium ores, 
columbium-tantalum oxide products resulting from metal— 
lurgical bene?ciation and concentration processes includ 
ing ?otation and pyrometullurgical processes. The co 
lumbium-to-tantalum ratio in the starting mixture is not 
restrictive to the materials. which can be treated in the 
present process. Some amount of upgrading can be 
achieved in the ?nal product irrespective of the ratio of 
columbium-to-tantalum in the starting materials. The 
preferred starting material contains a columbium-to-tan 
talum ratio greater than about 6: l; The starting materials 
containing ‘the higher columbium-tantalum ratios permit 
upgrading of the columbium-tantalum ratio in .the ?nal 
alloy without excess loss in the total recovery of colum 
bium metal during reduction. 
The preferred oxidic columbium-tantalum star-ting ma 

terials also preferably contain only small amounts of tin 
and phosphorous. These may be removed by bene?cia 
tion, either physical and/or pyrometallurgical, prior to 
use in the present process. Although the presence of tin 
and phosphorous in the oxidic columbium-tantalum start 
ing materials of the present process is not detrimental to 
the process of upgrading the columbium-tantalum ratio 
it may in some instances be desirable to produce a ?nal 
alloy containing none or only small amounts of these 
‘elements. , a , 

_ The alloying agent may be any element or group of 
elements which would serve to pick up the reduced colum 
bium and tantalum metal. The use of an alloy pickup 
material introduces another facet of the present invention, 
namely, the fact that a useful columbium alloy is produced 
in the process concurrent with the upgrading of the co 
lumbium-tantalum ratio. Examples of a suitable alloying 
agent would be iron added in the form of iron scrap, iron 
vshot, steel scrap, iron oxide, nickel shot, nickel oxide, orv 
other iron-containing or nickel containing materials. The 
resulting product in these examples would be ferro-colum-_ 
bium or a nickel-columbium alloy?bovthqof dwhich ?nd 
diverse use in industry. Hereinafter the’ term alloying 
‘agent is de?ned as encompassing scrap, oxides and pure 
metals which contain a suitable ‘alloyingelement as de 
lineated above. The oxides are-readily reduced “during 
reduction of the columbium values.’ * q ' 

The reduotants employed the present process are 
1In some 

instances it may be desired to use van-allurninurn-silicon 

Since the present process empioys less than stoichio 
metric ‘amounts of reducing agents, the amount of residual 
reductant in the ?nal product is low. 7 7' a ‘ 
The stoichiometric amount of reductants utilized in the 

present process is a most critical consideration. It has 
been found that decreasing ‘stoichiometric amounts of 
reduotants cause a progressive increase intthe patio of 
ool-um'b-iumtantalum in the [?nal alloy. This relationship 
is more fully shown in the following Table III by speci?c 
?gures. ' 
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The amount of reductant utilized in the present process 
can be noted in several ways. For the purposes of this 
application the amounts of “reducer supplied” refers to 
the total amount of reducerchargedinto the starting 
mixture. The amount of “effective reducer” refers to 
that amount of reducer actually utilized in the reduction 
of the metals in the ?nal ‘alloy. The ‘amount of'reducer 
supplied always be greater than the amount of ef 
fective reducer because of side reactions with contami 
nants. Indeed, when oxidic alloying elements are em 
ployed, a portion of the reducer supplied will be required 
to reduce the oXidic alloying elements to metal. In ex 
plaining the relationship between the ratio of colulmbium 
to tantalum in the tiinal product as cornpared'with the 
amount of reducer employed in the process, it is most 
meaningful to use the term effective reducer as the term 
relating to the reductant. ' 
A ?uxing agent is employed in the present process to 

aid in forming and regulating the acidity of the slag. The 
acidity of the slag in turn determines slag viscosity, melt 
ing point, reactivity with the furnace lining and other 
factors known to ‘contribute to the successful openation of 
a metalslag metallurgical process. The acidity of the 
slag is preferably maintained within the range of from 
1.2 to 0.60 weight ratio of CaO plus MgOv to A1203 ‘or 
within the range of from 1.0 to 2.0 weight ratio of 0210 
plus MgO to SiO2. The amount of fluxing agent added 
is adjusted accordingly. . 
An accelerator, such as sodium chlorate (NaC1O3) may 

be used to aid in the support of self-sustained exothermic 
reactions by producing a substantial amount of additional 
heat in addition to acting as a ?uxing agent. ~ 

Since accelerating agents such as NaClOs are common 
ly used the metallurgicalindustry as ?uxes as well as 
heat sources, the choiceof ?uxing agents is governed by 
well formulated practice and hereinafter the term ?ux 
ing agent will be construed to encompass such acceler 
ators. , 

Table I shows the analysis of the starting Cb~Ta 
source. The starting mixture as shown in Table II was 
heated by an electric arc furnace in a magnesia lined 
crucible to conduct the reduction reaction. After the re-, 
action began the remaining portion of the starting mix 
ture was charged into the magnesia crucible and allowed 

1(Al) Aluminothcrrnio. ' 
2(Al) Aluminothermic + power. 
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to re act. After the reaction was completed the slag and 
resulting columb-ium form and nickel alloys were tapped 
1nto molds to solidify. . 

Table I 
50 

Run N o. 
Columbite Analysis, Percent 

l 2 3 4 

55 
Cbz05 _________________________ -_ 65. 78 67. 80 67.00 67. 00 
T9405- 5. 68 5. 76 5.08 5. 08 
TiO 2__ 2. 94 1. 84 2. 08 2. 08, 
FeOU 3.60 3.53 3. 53 3. 53 
M110» 2.08 2.01 1. 80 1. 86 
SnOz 0.08 0. 05 0.07 0.07 
5102.. 1.16 1.10 0.78 0.78 
Garbo 0. 02 0.01 0. 03 o. 03 60 
Zl'Og (0st.) _____________ _.' ______ -. 0.40 ' 0. 30 0.30 0.30 

Mixture Components (Pounds): 
Fused Columbite __________ __ 300 300 {100 500 

Alloying Agent: ' 
Steel Scrap ________________________________ __ 43 ________ __ 

Iron Scale- _ _ 48 47 
Armco Iron __________ __ 

Reducing Agent: 
Grained Aluminum__ 
Aluminum Shot. _ _ __ 

Fluxing Agent: 
Lirnc ._ ‘ _ 72 90 

Sodium Chlorate. _ -..‘ _____ __ 30 15 __________________ __ 

Percent of stoichiornctric reg . 
duced supplied Process used__ 1 81. 6 1 81. 2 2 64. 0 2 67.0 70 

'Percent effective reducer _______ -_l 81. 6 77.1 ' 59. 5 55.8 
Cb-Ta. ratio in ore _______ __ __ 0. 80:1 0. 92:1 ‘11. 26:1 11. 26:1 
Cb-Ta ratio in product ________ __ 10. 9:1 28. 4:1 103. 0:1 148. 4:1 

4 
An analysis of the tinalproduct ‘is provided in the 

following Table II. 

' Table II 

Product Analysis, Percent 

Carbon ____________________________ __ 0: 

The following Tables HI and IV illustrate the use of 
nickel as an alloying agent in the present process. 

Table III 

Mixture Components (Pounds) Run No. 5 

Fused Columbitc ....... _.' _______________________ __ 500. 

Alloying Agent: ' 
Electrolytic Nickel ___________________________ __ 95. 
Nickel Oxide _________________________________ __ 39. 

Reducing Agent: : 
Aluminum Shot; ___________________________ __ 99. 

Fluxing Agent: 
Lime ________________________________________ __ 48. 

Percent of stoichiometric reducer suppliocL- ___ 65 (Al) Alumino 
_ thonnic. 

Percent effective rcducen. 9. 5. 
Cb-Ta ratio in ore _____ ._ 0.70:1. 
Ob-Ta ratio in product____ 74.411. 

Analysis of the ?nal product is provided in the follow 
ing Table IV. 

Table IV 

Product andysis, percent Run No. 1 
Columbium __________________ _f_-_ ____ _ 43.91 

Tantalum ___________________________ _'_ 0.59 
‘Nickel ' ________ -.‘ ___________________ __ 46.32‘ 

Iron _______________________________ __ 6.36‘ 

Manganese __________________________ -- 1-36‘ 

Tin ________________________________ __ 0.13 

Silicon -7 ______________ _; ___________ __ 0.55 

' Carbon ______ _;_ ___________________ __ 01.027 

Titanium ___________________________ __ 0.05 

The criticality of the present process lies in the selec 
tion of the proper amount of reducing agent with refer 
ence to the columbium-tantalum analysis of the starting 

‘ material. It has been found that a decrease in the amount 
of reducing agent to as low as 54% of the effective stoichi 
,ometric amount requred to effect the complete reduction 
of the columbium and tantalum leads to an upgrading 
of the columbiuni to tantalum ratio in the ?nal product 
to values as'high as 200 to 1. ' ' 

It has also been found that the higher the columbium 
to tantalum ratio in the starting material, the higher the 
ratio in the ?nal product for a given amount of effective . 
reducing agent. 3 
The relationship between the amount of effective re 

ducer employed in the the present process and the extent 
of upgrading or increase in the columbium to tantalum 
ratio in the present process can be readily seen from 
the following table. The ?gures in the following Table V 
were taken from a graph which was plotted from the re 
sults of severalruns similar to that shown in Table I 
above. 



‘ use of decreasing amounts of reductant. 
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I Table V 

Effective Aluminum ‘Ratio columbium-tantalum 
reducer, percent: in product 

100 10:1 
90 13:1 

I 80 __ 23:1 

70 ____ __ 46:1 

65 66:1 
'60 98:1 

_ s5 170:1 

54 200:1 

From the above Table V it appears that the ratio of 
columbium to tantalum will continue to increase with the 

In actuality, 
though successively decreasing amounts of reductant be 
low about 55 percent effective reducer may be utilized 
to attain higher columbium to tantalum‘ ratios, the limit 
of the amount of reductant would be largely dictated 
by economics for it is known that the use of below about 
55 percent e?fective reducing agent results in an excess 
amount of unreduced columbium oxide passing to the 
slag. This fact is not a restriction on the operability of 
the present process but is a consideration in the economics 
of the present process. , 
What is claimed is: 
1. A process for increasing the columbium to tantalum 

ratio in columbium alloys over the columbium-to-tantalum 
‘ratio in oxidic columbium-tantalum starting materials 
comprising admixing a columbium-tantalum oxidic start 
ing material, su?icient ?uxing agents to maintain a slag 
having at least‘one of the weight ratios selected from 
the group consisting of weight ratios from about 1.0 to 
about 2.0 of C20 plus MgO to SiOz and from about 1.2 
to about 0.60 of CaO plus MgO to A1203, material se 
lected from the group consisting of iron oxides, iron, 

' nickel oxides and nickel and at least one reducing agent 
selected from the group consisting of aluminum, silicon 
and alloys consisting of aluminum and silicon wherein 
said reducing agent is supplied in an amount ranging from 
about 40 percent to 90 percent of the effective stoichi 
ometric amount of reducing agent required to reduce all 
the said columbium and tantalum oxides to columbium 
and tantalum metal; heating the admixture to a sul? 
'ciently high temperature and for a suf?cient time to fuse 
said admixture and to cause reduction of said columbium 
oxide in the admixture whereby a columbium alloy is 
produced, said columbium alloy having a substantially 
greater ratio of columbium to tantalum than said colum 
bium-tantalum oxidic starting material. 

2. A process for increasing the columbium-to-tantalum 
1 ratio in columbium alloys over the columbium-to-tantalum 
ratio in‘ oxidic columbium-tantalum starting materials 
‘comprising admixing a substantially tin and phosphorous 
free columbium-tantalum oxidic starting material having 
a columbium-to~tantalum ratio of less than about 10:1, 
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material selected from the group consisting of iron oxides,‘ 
iron, nickel oxides and nickel, su?icient ?uxing agents 
to maintain a slag having at least one of the weight ratios 
selected from the group consisting of weight ratios from 
about 1.0 to about 2.0 of CaO plus MgO to Si02 and 
from about 1.2 to about 0.60 'of CaO plus MgO to 
A1203 and at least one reducing agent selected from the 
group consisting of aluminum, silicon and alloys consist 
ing of aluminum, silicon wherein said reducing agent is 
supplied in an amount ranging from about 40 percent to 
90 percent of the e?fective stoichiometric amount of 
reducing agent required to reduce all the said columbium 
and tantalum oxides to columbium and tantalum metal; 
heating the admixture to a su?iciently high temperature 
and for a su?icient time to fuse said admixture and to 
cause reduction of said columbium oxide and continuing 
said reduction until a substantiallytin and phosphorous 
free columbium alloy is produced, said columbium alloy 
having a greater ratio-of columbium-to-tantalum than 
said columbium-tantalum oxidic starting material. 

3. A process for treating columbium-tantalum oxidic 
starting materials having a columbium-to-tantalum ratio 
of greater than about ‘10:1 to produce columbium alloys 
having columbium-to-tantalum ratios in excess of about 
80:1 comprising admixing a columbium-tantalum oxidic 
starting material having a columbium-to-tantalum ratio 
of greater than about 10:1, material selected from the 
group consisting of iron oxides, iron, nickel oxides and, 
nickel, su?icient ?uxing agents to maintain a slag having 
at least one of the weight ratios selected from the group 
consisting of weight ratios from about 1.0 to about 2.0 
of CaO plus MgO to SiOz and from about 1.2 to about 
0.60 of CaO plus MgO to A1203 and at least one re 
ducing agent selected from the group consisting of alu 
minum, silicon and alloys consisting of aluminum and 
silicon wherein, said reducing agent is supplied in an 
amount ranging from about 40 percent to about 60 per 
cent of the effective stoichiometric amount of reducing 
agent required to reduce all the said columbium and 
tantalum oxides to columbium and tantalum metal; heat 
ing the admixture to a su?‘iciently high tempearture and 
for a su?icient time to fuse said'admixture and to initiate 
reduction of said columbium oxide and continuing said 
reduction until-a columbium alloy haw'ng a columbium-4 
to-tantalum ratio of greater than 80:1 is produced. 
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