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This invention relates to the art of froth ?otation for 
the selective recovery of speci?c minerals from their 
ores. It has particular reference to the recovery of 
columbium minerals from the ores in which they are 
found. - '"' " 

_ The metallic element niobium, or columbium as it is 
commonly called by metallurgists, has been known well 
over'a hundred years. 
forms. 7 ~ g n r - 

. There are vast deposits of columbium ores- that have 
been left 'unworked for the lack of any effective and 
economical process for separating the» valuable'minerals 
from the ganguematerials with which they are associ 
ated in the natural ore‘ deposits. Certain ores contain 
ing the mineral columbite are being worked in instances 
where separation of the columbite by gravity means, 

It occurs in various‘ mineral ' 
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A principal feature of the invention is the agitation and 
aeration of a ?otation pulp of columbium ore in the pres 
ence of 8-quinolinol or a_ mono-1ower-alkyl-substituted 
8-quinolino1 thereof, serving as a collecting agent for 
the columbium mineral or minerals in the ore to the ex 
clusion of other constituents of the ore. 
A signi?cant feature in the minimizing of reagent ex 

pense is the use of an impure reaction product, rather 
than the chemically pure analytical reagent. 
Another feature useful in minimizing reagent consump- ' 

tion is the reclaiming of the reagent-bearing solution 
from the ?nal ?otation pulp, and the use of same in pre 
paring the initial ?otation pulp for a subsequent run. 
This is advantageously done in connection with still 
another feature of the invention, namely, preliminary 

. treatment of the ore for the elimination of various gangue 

20 

constituents, particularly calcite, apatite, mica, magnetite, 
and iron sul?de minerals. ' 

In the preferred practice incorporating all of the above 
features, the ore pulp resulting from preliminary treat 

.n ment for gangue elimination is dewatered. It is then 

25 

' re-pulped in recovered reagent-bearing solution prior to 
undergoing the signi?cant froth ?otation stage of the 
process. ' . 

" ‘Further objects and features of the invention will be 
come apparent as the description proceeds with respect 

I' to speci?c procedures and test results. 
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electrostatic means, or by magnetic means has proven.-. 
economically- feasible. However, such separations pro 
cedures have not been economical in their application to 
ores containing other columbium minerals, suchvas py‘ro 
chlore, perovskite, niocalite, beta?te, etc. " ' 
No successful, ?otation process has to'our-knowledge 

yet been reported for the selective ?otation and recovery 
of Tcolu'mbium minerals.’ There ‘has hitherto been ‘no 
known reagent capable of ?oating suchminerals on __a 
selective basis. 7 V g n ' 7 

We have found that columbium minerals may be nef 
fectively‘ and economically ?oated from "gangue con 
stituents of an ore by the‘ use of a reagent selected from 
a. particular group of chemical compounds, 'serving‘as' a 
collector selective to such columbium minerals._ The 
group of chemical compounds consists ofw'a hydroxy 
quinoline, speci?cally, 8-quinolinol, commonly known as 
“oxine,” and mono-lower-alkyl-substituted 8-quinolinols. 
While 8-quinolinol is well known as a chemical comi 

pound, it is normally‘, used in highly puri?ed form in the 
chemical art as an analytical reagent. The only in-_ 
stances where 8-quinolinol has even been tried- as’ a ?ota 
tion reagent is in connection with certain-academic in 
vestigations concerned with abstract ?otationtheory. _In 
such; instances, the materials involved were merely arti 
?cial mixtures containing solely zinc, iron, tungsten, and 

Such experiments have evoked little 
interest, and have given no indication that the particular 
reagent has anyreifectiveness as applied to columbium. ' 
‘;In accordance with the present invention, the vore is 
?nely ground in a manner customary in conventional 
?otation practice, and is subjected to agitation and aer 
ation, as an aqueous pulp, in the presence of the par 
ticular reagent speci?ed. The columbium minerals are 
effectively collected in the froth,- to yield a columbium 
concentrate. ' ' _' ' ' . 

A principal object of the present invention is to pro 
vide a froth ?otation process whereby columbium min 
erals may be effectively recovered from their ores on a 
selective basis as respects other constituents'of such ores’. 

, Another object is to minimize reagent. consumption 
and expense, '- , ' ' r;- . 
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Our work has shown‘ that 8-quinolinol (CQHqNO) 
having the formula: ,_ . 

(8)2201; N§ 
(1)110 ' ' 0 cn(2) 

' (6)1710§ (‘5 21nd) 
on - on 

(5) (4) 

is an active ?otation reagent for columbium minerals 
when used either in the formof the'chernicallypure 
analytical reagent or in a crude form obtained as an im 
pure reaction product of a known procedure. 

This has been demonstrated by numerous laboratory 
- v tests, typi?ed by those set forth herebelow: 

45 
COMPARATIVE TESTS AS BETWEEN PURE AND 
7 w ' CRUDE REAGENT . a. a 

.- In this series of tests, respective 1,000 gram‘ charges 
ofya low grade, carbonatite type, columbium .ore from 
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the province of Quebec, Canada, containing less than 
0.6 percent columbium oxide (Chaos) in the form of 
the minerals pyrochlore, perovskite, and others not yet 
de?nitely identi?ed nor classi?ed but believed to include 

A at least both niocalite and beta?te, were ground to 90 
percent minus 200 mesh. They were carefully deslimed, 
and were individually conditioned with the quantity of 
the reagent speci?ed in the following tabulated test data 
and with 20 drops (0.6 gram) of burner oil, i. e. do 

. mestic fuel oil, for approximately one minute; They 
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were then individually subjected to agitation and'aeration 
in a laboratory ?otation machine, and respective froth 
concentrates of the columbium minerals were recovered. 
As indicated in the'tabulation, the reagent was used 

in its chemically pure form for one of the tests andin 
a crude form for the others. ‘ . ' 

The crude reagent was prepared according to the 
procedure set forth in the treatise “Organic Analytical 
Reagents,” vol. 1, 1947, D. Van Nostrand Co., Inc., by 

_ mixing 5 grains of o-nitrophenol, 8.3 grams of o-amino 
‘ phenol, and 18 grams of glycerol in a 500 ml. ?ask, and 

70 
slowly adding 8.2 ml. of concentrated H2804, the flask 
being ?tted With a re?ux condenser, and the mixture 
being boiled gently for ?ve hours. Following cooling, 
the resulting solution was dilutedto a volume of 250 m1.’ 
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Tester-Reamer wncenfmte 

Weight, Chaos, Recov 
Beagcnt percent percent ery, per 

7 ' ‘ cent 

(1) 2 g. o. P. 8-quinollnol _____________ ._ ass 1. 49 90. s 
.(2) 60 ml. crude 8<guinolh1ol so1utlon____ 33.0 1.56 84.5 
(3) 80 crude r8~qliiriolinolsolutionn __ 44.0 1. 37 93. 9 
(4) 80 ' -ml._ crude S-quinblinol solution I 

(re?ux time 10 hours». ., ______ _-‘___>___ 39. 7 l. 18 90.7 

We have also found that reagent consumption can be 
reduced by treating the ore for removal .of various gangue 
minerals prior to ?otation for recovery of the columbium 
minerals. A typical test is reported herebelow: 

PRELIMINARY UPGRADING BY REMOVAL OF 
1 - ' ' GANGUE CONSTITUENTS 

' This was a locked cyclic test, wherein, for each cycle, 
variousgangue constituents were removed by conven 
tional techniques indicatedin the optional portion of the 
flow sheet of the accompanying drawing. 
A charge of 4,000 grams .of the same carbonatite type, 

columbiurn ore was prepared for each cycle as in the 
foregoing tests, and was made into an aqueous pulp in 
accordance with conventional practice. Such aqueous 
pulp was subjected to ?otation with a fatty acid collector 
reagent to remove calcite and apatite. The froth con 
ccntrate was passed to Waste, and the tailings were ‘sub 
iected to, sul?de?otation utilizing a sulfonated petroleum 
oil'and a xanthate collector as reagents. The froth con 
centrate was passed to waste, and the tailings subjected 
to magnetic separation for the removal of magnetite. 
The resulting upgraded ore pulp (from 0.6 percent 

Cb2O5 to 2.36 percent Cb2O5) was deslimed, and the de 
slimed pulp conditioned with 2 grams of C. P. 8-quino 
linol and 1.5 grams of burner oil for ?otation. 

Agitation and aeration of the so conditioned pulp in‘ 
a laboratory ?otation machine resulted in a columbium 
bearing froth, which was cleaned twice by further ?ota 
tion of the same character. The cleaner tailings were 
added to the subsequent batch of ore pulp in accordance 
with'closed cycle practice. The metallurgical results were 
as follows: ' 

Weight OM05, Dlstri~ 
percent percent bution, 

percent 

2.36 ________ __ 

9.72 88.0 
.36 12.0 

In addition to the above, we‘have found that a large 
portion of the comparatively expensive reagent can be re 
covered and reused by reclaiming the solution from the 
?otation pulp. This is the presently preferred procedure, 
and is advantageously carried out in connection with the 
above-described preliminary treatment for removal of 
various gangue constituents from the ore, all as indicated 
by the. ?ow sheet of the accompanying drawing. 
A typical test conforming to such ?ow sheet appears 

herebelow: 

RECOVERY OF REAGENT-BEARING SOLUTION 
For this cyclic test, 1,000 gram batches of the same 

carbonatite type, eolumbium ore, prepared as in the fore 
going tests, were deslimed .and upgraded by the afore 
described mica and iron sul?de ?otation and by removal 
of magnetite. In this instance, the pulp was not treated 
for removal of calcite andapatite. 
The upgraded ore pulp was ?ltered, and the ?lter cake 

was used in the preparation of the aqueous pulp for the 
coluinbium ?otation. The solution employed for this re~ 
pulping operation was prepared initially from crude re 
agent obtained in the same manner as for the ?rst series 
of tests, although, here, the re?ux time was ten. hours 
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4 
(as in the touch of the ioregoing tests) instead of ?ve 

Six liters of solution were prepared from 150 ml._of 
the crude reagent. This supplied all dilution and wash 
water used during the flotation procedure, as well as the 
aqueous phase of the ?otation pulp. 

Agitation and aeration of the reagent-bearing pulp re 
sulted in a columbium-bearing froth concentrate. The 
froth and tailings were separately ?ltered, and the respec 
tive ?ltrates were returned to the original solution. An 
additional 25 ml. of crude reagent was then added to the 
SOltItiOIl,‘ and the procedure was repeated. 

In all, the procedure was carried out a ‘total of six 
times. The recovery and grade of concentrates from the 
sixth cycle (after equilibrium was achieved) are tabulated 
as follows: 

Rougher concentrate 

Weight, .Cb20s, Recow 
Reagent percent percent ery, Der 

> ' > ' cent 

25 ml. crude 8~quinolinol solution (sixth ' 
cycle) _______________________________ ._ 40. 0 1. 36 92. 8 

The difference in reagent consumption between the 
straight ?otation process using 8-.quinolinol as a reagent 
and the more preferred practice of upgrading prior to 
?otation, coupled with recycling the liquid phase of the 
tailings and froth concentrate from the 8-quinolinol ?otae 
tion, ‘is well demonstrated by comparing Test No. 4 of the 
?rst series of tests with the last test above. It will be 
seen that comparable recovery was made in the latter 
instance with only v25 nil. oi the crude reagent solution 
as compared with 807ml, for the former.’ 

In the course of our work, many ?otation tests were 
made using various conventional reagents in an effort to 
?oat columbium minerals- However; none of these 
yielded economic rccovery- Accordingly, no compara 
tive tests as between the reagent here disclosed and other 
reagents are presented. 

Our. tests‘ have shown that the 8-quinolinol reagent, 
whether in chemically‘ pure or crude form, is effective in 
acid‘, neutral, .or basic pulps. In such tests, however, re 
covery has fallen 01? considerably in the extremes of pH 
range. Accordingly, it is preferred that this ?otation 
process be carried out with a near neutral pulp. 
The 8-.quinolinol reagent has proven to have natural 

frothiug properties, which makes it unnecessary to add any 
other frothing reagent in many instances in which the 
process is used. It should be kept in mind, however, 
that the natural frothing properties may be supplemented 
wherever found desirable by addition of a conventional 
frothing agent, such as pine oil. ~ 
We have conducted tests on many di?erent types of 

ores containing a variety of colurnbium minerals. ' These 
tests indicate that our process is effective on columbium 
minerals in general. 
The following examples detail representative tests 

showing ratios of concentration of 1 to 12.1, 1 to 41.7, 
and 1 to 9.5, respectively: 

' EXAMPLE NO. 1 

Two thousand grams of the carbonatite-type ore uti 
lized in the previous tests were ground to approximately 
90 percent minus 200 mesh, deslimed, the iron sul?de 
minerals removed from the ore pulp by flotation using 
xanthate collector, and the magnetite removed magneti 
cally. The ore pulp was then ?ltered, split into two 
equal parts, and each part was individually re-pulped in a 
laboratory ?otation machine,.conditioned with 2.5 grams 
of 8-quinolinol, and afroth concentrate recovered. The 
tailings were combined for assay, and the froth concen~ 
trates were combined, conditioned with 0.5 gram of 8 
quinolinol, and a froth concentrate recovered by ?ota 
tion. The concentrate was then recleaned three times by 
?otation,‘ using the solution recovered (by ?ltration) 
from the tailings of the previous step for dilution water. 
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Test results ‘ 

Weight, onto‘, Distri 
Product percent percent - butlon, 

' - percent 

60.93 0.04 3.67 
22.01, 0.22 7.28 
6.09 0.48 4.39 
1.94 0.62 1.81 

_ ‘0.79 0.85 1.01 
Concentrate____v ______________________ __ 8. 24 6. 60 81. 84 

CalculatedHeadlng ____________ _. 100.00 0.66 100.00 

EXAJVEPLE NO. 2 

One thousand grams of a pyrochlore-bearing granite 
from Nigeria were ground at 67 percent solids for twenty~ 
three minutes in a laboratory ball mill. The resultant 
pulp was deslimed, ?ltered, re/pulped ina laboratory 
?otation machine, conditioned with four grams of 8 
quinolinol, and a froth concentrate removed. The froth 
concentrate was ‘cleaned ‘twice by ?otation. 

Weight, 0e20,, . Distri- . 
Product percent percent button, 

percent 

Rougher Talllng _________ ._ 73. 83 0. 06 21. 93 
1st Cleaner Taillng- 16. 21 0. 10 15. 25 
2nd Cleaner Taillng.- 7. 56 0. 33 12.33 
Concentrate ________ __ 2. 40 4. 25 50. 49 

Calculated Heading ___________ .__. 100. 00 0. 20 100. 00 

EXAMPLE NO. 3 
Twenty-?ve grams of columbite from Nigeria and one 

thousand grams of a quartz-monzonite rock were com 
bined and ground for ten minutes in a laboratory ball 
mill. The resultant pulp was deslimed, and the sul?de 
minerals removed by ?otation with Minerec “A” and 
burner oil as collectors. The pulp was then conditioned 
with two grams of 8-quinolinol, and a froth concentrate 
recovered. The concentrate was cleaned, once by ?ota 
tion. 

Test results 

Weight, CD205, Dlstrl 
Product percent percent _ butlon, 

percent 

Rougher Talllng ______________________ __ 68. 32 0.07 2. 36 
1st Cleaner Telling..- 21. 17 1. 25 13. 06 
Concentrate __________________________ -_ 10. 51 16. 3 84. 58 

Calculated Heading ____________ __ 100. 00 2. 02 100. 00 

It will be obvious that various other elements, such as 
uranium, that are intimately associated with the colum 
bium minerals will also be recovered by this process. 

Comparative tests have been carried out, as follows: 
Test No. 1 (8-quin0linol) , 

Five hundred grams of a low grade carbonate type 
ore containing the columbium minerals Pyrochlore and 
Perovs‘kite and upgraded by removal of calcite and apatite, 
by desliming, and by removal of iron sul?de and mag 
netite were subjected to a batch ?otation procedure in 
volving ?otation at pH 7.2 to 8.0 for ten minutes in the 
presence of two and one-half grams of 8-quinolinol. The 
rougher froth concentrate obtained was cleaned by re 
?otation, with the following results: 

' Weight, 011205, Distri 
Product percent percent butlon, 

percent 

Cleaner Concentrate ______________ _- 4. 74 10. 36 31.00 
Cleaner Talllng ____ __ _ 22.35 3.39 47.83 
Rougher Taillng..___-____ 72. 91 0. 46 21. 17 

Calculated Feed ________________ _. 100. 00 1. 58 100. 00 

10 

Test No.2 (2-_me?tyl-8-quinolin0l) . _ 1 

The procedure here was identical with that of the fore 
going test, except 3.5 ‘grams of Z-methyI-B-quinolinol (8 
hydroxyquinaldine) wereused as the collector reagent; 
Results were as follows: ' r 

' Weight, CD205, DlStl‘i 
Product percent percent button, 

. percent 

Cleaner Concentrate ___________ ..‘ _____ .. 60 9. 21 30.82 
Cleaner Talllng ______ __ 24. 68 4. 07 40. 90 

~ Rougher Tailing ______________________ __ 68. 72 0.53 18. 28 

Calculated Feed ______ .__ ........ .. 100. 00 1. 98 100. 00 
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Test No. 3 (4-methyl-8-lquinolinol)' 
The procedure here was identical with’ the foregoing 

tests, except 2.0 grams‘ of‘4-methyl-8-‘quinolinol vwere 
used as the collector reagent. Results were as follows: - 

7 ‘Weight, 05.0,, Distri 
Product percent percent butlon, 

> > ' percent 

>Recleaner Concentrate ............... .- 3. 18 19. 3 34. 70 
Recleaner Telling ...... __ . 7. 01 5. 24 20. 77 
Cleaner Talllng ______ _ _ __- 43. 10 l. 60 38. 99 
Rougher Talllng ______________________ __ 46. 71 0. 21 5. 54 

100. 00 1. 77 100. 00 

Test N0. 4 (6-methyl-8-quirtolinol) 

The procedure here was identical with the foregoing 
tests, except 2.0 grams of 6-methyl-8~quinolinol were 
used as the collector reagent. Results were as follows: 

Weight, CD205, Distri 
Product percent percent bution, 

percent 

Recleaner Concentrate _______________ __ 7. a1 5. 59 26.16 
Recleaner Telling ...... __ _ 16. 30 2. 63 26. 36 
Cleaner Talllng .... __ -__ 38. 04 1. 77 41. 40 
Rougher Telling ______________________ .. 38. 05 0. 26 6. 08 

100. 00 l. 63 100. 00 

Of the several ‘reagents used in the above series of 
tests, only S-quinolinol is readily available. It was pos 
sible to purchase the reagent for Test No. 2 from East 
man Kodak Company, but the reagents for Tests No. 3 
and 4 were synthesized in the laboratory. 

This application constitutes a continuation-in-part of 
our copending application Serial Number 612,849, ?led 
Sept. 28, 1956, entitled “Process of Concentrating Nio 
bium Minerals by Froth Flotation,” which has been found 
to be allowable but which has been abandoned in favor 
of the present application. 
We claim: 
1. In a process of froth ?otation for the separation 

of columbium minerals from other constituents of a 
columbium ore, the steps of agitating and aerating an 
aqueous pulp containing said columbium ore and 8 
quinolinol, the latter serving as a collector reagent selec 
tive to columbium minerals; and recovering the resulting 
froth as a columbium concentrate. 

2. The process of claim 1, wherein the said steps 
are preceded by pro-concentration treatment of an aque 
ous pulp of the ore. 

3. The process of claim 2, wherein the procedure is 
carried out on a cyclic basis, and, following the said steps 
of each cycle, at‘least the tailings are treated for re 
covery of their reagent-bearing liquid phase; wherein 
the upgraded pulp is treated for removal of its liquid 
phase; and wherein the solid phase of said upgraded pulp 
is re-pulped with the recovered reagent-bearing liquid 
phase. 

4. The process of claim 3, wherein the 8-quinolinol is 
an impure reaction product. 



5, The process of claim 1,, wherein 
'alsocontains-a neutral ‘petroleum’ oil. H 7 v 

6. The process of claim 1, wherein the S-quinolinol 
isv an impure reaction product. 

'7. The process of claim 1, wherein at least the tail 
ings resulting from the said steps are'treated for recovery 
of their reagent-bearing liquid phase; and wherein the 
said'liquid phase is used in pulping additional ore for 
said process. a 

I 8. The process of claim 1, wherein the said steps are 
preceded by ?otation of sul?de minerals from an aqueous 
pulp of the ore, for upgrading said ore. 

9. In a process of froth ?otation for the separation 
of columbium minerals from other constituents of a 
columbium ore, the steps of agitating and aerating an 
aqueous pulp containing said columbium ore and a col~ 
lector reagent selected from'the group consisting of 8 
quinolinol and mono-lower-alkyl-substituted 8-quinoli~ 
nols; and recovering the resulting froth as a columbium 
concentrate. 

10. The process of claim 9, wherein the said steps 
are preceded by pre-concentration treatment of an aque 
ous pulp of the ore. 

the aqueous pulp 
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'11. .The process of clairnlO, wherein the procedure 
is carried out on acyclic basis, and, following the said 
steps of each cycle, at‘ least the tailings are treated for 
recovery of their reagent-bearingliquid phase; wherein 
'the upgraded pulp is treated for removal .ofitsliquid 
phase; and wherein ‘the solid phase of, ‘said upgraded pulp 
is re-pulp'ed with the recovered reagent-bearing liquid 
phase. / _ ‘ 

12. The process of claim 9, wherein the aqueous pulp 
also contains a neutral petroleum oil. 

13. The process of claim 9, wherein at least the tail 
ings resulting from the said steps are treated for re 
covery of their reagent-bearing liquid phase; and where 

i in the said liquid phase is used in pulping additional ore 
for said process. ' ' 

14. The process of claim 9, wherein the said steps are 
preceded by ?otation of sul?de minerals from an aqueous 
pulp of the ore, _for upgrading said ore. 
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