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PILOT PLANT TESTS ON A NIOBIUM ORE FROM 
NOVA BEAUCAGE MINES LIMITED, NORTH BAY, ONTARIO 

by 

D. E. Pickett 

Mu MI MD ...lb 

SUMMARY OF RESULTS 

Flotation, sink-float, tabling and magnetic separation 

tests were carried out on a niobium ore from Nova Beaucage Mines 

containing approximately 0.75% Nb205 as pyrochlore. 

Flotation concentrates containing up to 18% Nb205  were 

produced at recoveries up to 60%. Observations indicate that 

better recovery is possible. 

The flotation process was proven to be a practical 

mathod of recovering pyrochlbre concentrate from the ore. The 

economic limitations of the overall niobium production from the 

Beaucage ore can only be determined after more test work and a 

study of chemical extraction problems. 

Preliminary testing indicated that sink-float would be 

valuable as a pro-concentration  process. Tabling and magnetic 

concentration appear to have doubtful value. 

*Senior Scientific Officer, Mineral Dressing and Process Metallurgy 
Division, Mines Branch, Department of Mines and Technical Surveys, 
Ottawa,  Canada. 
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INTRODUCTION 

The Beaucage niobium deposit on Lake\ Nipissing, near 

North Bay, Ontario, is one of the pyrochlore ores which form the 

niobium resources of Cimada. The ore is a complex calcite—silicate 

type containing pyrochlore as well as sulphides, magnetite, mica, 

etc. The mineralization has been described in detail in Mines Branch 

Report of Investigation No. MD3126 by E. H. Nickel. 

In 1955 Beaucage Mines Limited, then a subsidiary of 

Inspiration Miningand'Development Company Limited, North Bay, built 

a 50 ton per dgy pilot plant at North Bay to produce niobium, based 

on a process developed by Battelle Memorial Institute, Columbus, 

Ohio. Mine development was carried out to explore the underground 

deposit and to obtain a stock pile of ore for the pilot plant. This 

plant was visited by Mines Branch officers in November, 1955, and the 

mine and plant are'described in Visit Memorandum No. 631 by E. H. 

Nickel and D. E. Pickett. 

Briefly, the process was an attempt to chlorinate the 

niobium after the interfering calcite and sulphides had been . 

removed by fatty.acid flotation. The pilot plant was operated 

intermittently into 1957 and was finally closed down pending further 

research work. During these operations a good stockpile of ore was 

built up at the pilot plant. 

In 1957 Consolidated Mining and Smelting  Company of 

Canada (Cominco) acquired an interest in Beaucage Mines. The 

Cominco Research Department undertookk-the development of a new 

process for treatment of the ore and considerable test work was 

carried out at Trail and Kimberley, British Columbia.  High tension, 
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electrostatic, and magnetic -tests were conducted by Mr. C. H. Bushel

of the Cominco research staff at the Mines Branch laboratories in

Ottawa.

As a result of the flotation research at Trail and

Kimberley, a new flotation process was developed for concentration of

the pyrochlore from the Beaucage ore. This process gave good results

in laboratory flotation. About the suie time, Mr. H. W. Poole,,

consulting metallurgist for Beaucage Mi.ness working at the Cominco

Kimberley 1a;boratories, developed a pre-concentration gravity process.

which promised to improve the economics of the overall process. It

was then decided to •make a pilot_ plant run as the next stage in the

process development. Since the equipment at the Beaucage plant was

not suited to the scale of,pilot run planned, a request was made to

the Mines Branch for the use of the Mines Branch pilot plant

facilities. Permission was granted for the Beaucage and Cominco

staff to make pilot plant tests in Ottawa about October 1, 1958t and

plans were made accordingly..

Detailed plans and preparation for the tests were

completed by Mr. R. Woodford, Manager of Beaucage Mines, and Mr. L. Ea

DjingrieuZian of the Mines Branch in correspondence dated September 10

and September 17, 1958. The first shipment of ore arrived from

North Bay on September 29. Upon the arrival of the Beaucage and

Cond.nco personn,e9.a work commenced on the project on October 2 and

the.£irst gravity tests were started on October 6. The final

flotation test was made on November 24•with assaying completed on

November 26o A 200 1b sample of 'crushed. ore has been retain®d at the

Mines Branch in case future work is requested by Beaucage Mines.

,

.

.,+

-1%

=N

.



3 

On November 18, 1958 the company was reorganized under the 

new  nana of Nova Beaucage Mines. 

PURPOSE OF TESTS 

The pilot plant tests ire  designed to obtain information 

about the process which could not be obtained in laboratory work. 

(1) Sink-Float Tests: Although it is generally agreed 

that laboratory sink-float tests can be scaled up to a production size 

plant with very little change in metallurgical results, it was felt 

that pilot plant tests shoUld be made at the Mines Branch on a larger 

sample than was available at Kimberley, particularly as the sample, cut 

front a large shipment, would be more representative of the Beaucage 

ore. However, as facilities for carrying out continuous pilot plant 

tests were not available, these tests were limited to one series of 

laboratory tests to check the reliability of the sample. 

(2) Tabling Tests:  Laboratory tabling tests carried out 

at Kimberley had indicated that this method might give the sane 

pro-concentration as sink-float. It was decided that tests should be 

run on the full scale equipment at the Mines  Branch to confirm this 

result, and to obtain concentrates which might be used for flotation 

tests. 

(3) Flotation Tests: Sone doubt existed as to the 

behaviour of one of the reagents which was suspected to be unstable 

chemically under the oxidizing conditions existing in the flotation 

circuit. Therefore, it was not known whether the cleaner tailings 

(and solutions) could be recycled. Also information was desired 

about circuit control, flotation rates, grades of concentrate 

obtainable, and the effect of a continuous closed circuit grinding stage. 
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ORE SHIPMENTS AND SAMPLING 

Four ghipments of ore were received by truck from  North  

Bay during the test. The head -assays .are given below: 

• 	 Shipment 	Nb208 	U308 
No.  

1 	 0,73 	0.05 

2 	 0.69 

3 	 . 0.81 

4 	 0.62 

The first shipment was crushed to minus 1 in. and sampled 

to get a feed sample for sink-float tests. This sample was further 

reduced by Jones splitter and crushed to minus 4 mesh to obtain a 

standard assay head sample. The other shipments were crushed to minus 

4 mesh before sampling.  AU the ore except that used for the sink-

float tests was reduced to minus 4 mesh for ball mill or rod mill feed. 

ASSAYING 

Assaying for Nb205  was carried out in the Mines Branch 

chemical laboratories by the calorimetric method as described by 

G.  II.  Faye, in Chemistry in Canada, Vol. 10, No. 4, p. 90, April, 1958. 

LABORATORY TESTS 

A. - Sink-Float Tests 
••■■•■■•• 	•■••111■••••■••••••••■•••••••••••■■••••••■•■•■•••■•••••••011 

These tests were carried out by Mines Branch personnel 

under the direction  of MI'.  H. W. Poole of Beaucage. A sample of 

minus 1 in. Symons crusher product from No. 1 shipment was wet 

screened at 10 mesh to remove tho fines and then tested by standard 

"bucket test" using galena medium with a specific gravity of 2.96. 

The float product from this test was retreated at a medium specific 
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gravity of 20850 This procedure gave four products:- sink products at 

s.g. 2.95 and 2085„ a float product at  s. g. 2.85, and the minus 10 

mesh fines. Each product was dried  and  separated into four screen 

fractions. Tho results are tabulated in Tables 1 and g attached as 

appendices to this report which show the distribution of niobium. 

At the medium specific gravity of 2.85 approximately 30% of the weigat 

was discarded with a loss of only 8.2% of the niobium. The 15% of the 

feed which floated at seg. 2.95 and sank at 2.85 was essentially of feed 

grade so the lower mediuM density would be preferable. 

Table 2 which gives the distributions of niobium in the 

screen fractions shows poor recovery from the minus 6 plus 10 mesh 

fraction. It seems that this screen fraction is much lower in niobium 

content than either the coarser or finer material. This may be due to 

the nature of the ore or to the crushing method. Fine preparation 

screens may be warranted but this can only be decided in full scale 

continuous operation where maintenance costs can be evaluated. 

B. - Laboratorz Flotation  at Mines Branch 

Several laboratory tests were carried out on samples of 

mill feed to compare the behaviour of the pilot plant sample with 

the sample used at Trail and Kimberley. These tests mere performed 

by Mr. G. Moody, Cominco technician. 

The standard laboratory test procedure is as follows:- 

a 500 g sample of feed is ground to 90% minus 200 mesh and conditioned in 

a 500 g cell for 5 min with 2 g NaOH at a pH of 12 or hier. Fer 

flotation 0.25 g Duomac T (a tallow fatty diamine diacetate) is added 

along with 3 drops of methyl isobutyl carbinol. The froth is bulky 

and well laden with slime sized calcite, mica and sulphides. After 
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15 min flotation, an additional 0,12 g Duomac T is added and after

another 10 niui, 0.10 g Duomac T is added. The froth carries coarser

calcite and mica toward the-end of the float and this "calcite float"

is terminated at 30 min. The conditioning and flotation timing appears

to be critical if the next step of the float is to be controlled. For-

the next step, the °pyrochlore float", 2.5 g of MgSiFg is added which

reduces the pH to about 5. After 1 min conditioning, 0.5 g "catechol"

is added and the pulp is conditioned for 5 min. A rougher concentrate

is then floated and cleaned once with an. -additional 0.5 g catechol.

The pII of the rougher tailing is about 7.0. Typical results follow:

Product Assay Nb205 %
Test (1 Test (̂3

"Calcite" float 0.33 0.31

Pyrochlore rou^her
tailing 0.18 0.13

i'yrochlo,re cleaner
tailing 1.44 0.40

Final concentrate 23.30 13.55

Comparing these results with those of the pilot run

continuous tests show that recoveries and concentrate grades were,

lower in the pilot plant. Som of this difference can be attributed

to the much better control of froth and reagent concentration in the

laboratory batch cell. Some of the poorer results obtained in the

pilot plant may be due to the recirculation of the middling products

which eventually dropped the concentrate grade or increased the

tailing losses.

PIIDT PLANT TESTS

A. - Pilot Plant Table Concentration

Since sink-float equipment was not avail.able, 'gravity

_.,

Al

1
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pro-concentration was carried out on the Will:ley and Deister tables 

with grinding in the rod mill in closed circuit with screens. 

In the basic floushoetp ore at minus 4 Me,sh was fed by 

constant-weight feeder at the rate of 800 to 900 lb per hr to the 

36 in. by 72 in,  rod mill. The rod mill discharge was elevated to a 

4 by 4 ft model V7 Tyler HUMM2r unit with a 50 mesh screen. The screen 

oversize was returned to the mill. The minus 50 mesh screen undersize 

vas fed to a V16 Tyler Hummer unit with an 80 mesh screen. The screen 

oversize was treated.on à Deister diagonal deck table. The screen 

undersize was pumped to a hydro-cyclone where it was deslimed before 

trentnnnt on a full-size Wilfley table. 

Screen analyses of the rod mill and screen products are 

given below: 

feci7 	WWII—  

mesh 	food 	__product 	Olsize 	U , size . 	ir--- 	 e 	—7,—  
. 	 __ 	, 

+14 	0.2 	 - 	 - 	- 

- 14+20 	0.3 	 - 	 - 	- 

- 20+48 	12.6 	 0.8 	0.9 

- 48+65 	1303 	 10.7 	18.7 	- 

, 
- 65+100 	13.8 	 16.2 	30.6 	1.0 

-100+150 	11.2 	 13.6 	18.2 	8.7 

450+200 	9.0 	 11.2 	: 	8.2 	13.7 

-200+325 	39.6 	 47,5 	5.8 	19.2 

-325 	 17.6 	57.4 — 	-- 

	

100.0 	 100.0 	100.0 	100,0 , 



Tabling Test 
No. 	' 

Conditions of Test 

8 

The 50 mm ceramic Dorr hydro-cyclone produced a slim) 

product (overflow) which was 99.6% minus 325 mesh, at the rate of 

approximately 105 lb/hr. Tho overflow of the Type MDorrclone was 

87.9% minus 325 mesh. 

To inveStigate a range of operating conditions this basic . 

flowsheetwas varied as shown below: 

Ti 	Not deslimed; +80 Hummer product to coarse 
(Deister) table; -80 m to fine (Nilfley) table. 

T2 	Deslimed in 1430 Dorrclone, otherwise as Ti.  

T3 	Deslimed in 50 mm ceramic hydro-cyclone; coarse 
table concentrate and middling reground to 
-80 m and recycled to fine table. 

T4 	Deslimed as in T3. Al].  +80 m Hummer product reground 
to -80 m before treatment on the Deister tables 
Table middlings recycled. Concentrate bands cut 
at 6 in. and 4,1- in. on Wilfley and Deister table 
respectively. 

T5 	As T4 but 12 in ,  concentrate bands cut on both 
tables. 

The regrind unit used in Tests T3 to T5 was a small  bail 

 mill in closed circuit with a Sweco 80 mash screen. 

A series of tests was made on the 'Finney table treating 

the classifier overflow product from the flotation pilot plant 

grinding unit. This feed was almost all minus 100 mesh. The best 

concentrate contained 2.2% Nb 205 but the recovery was only 55%. The 

cleanest tailing contained 0.45% Nb 205 , so losses would be too high 

in this treatment. The results obtained are shown in Tables 3 and 4 

attached as appendices to this report. 

From the tables it is apparent that tabling would not give 

as good  pro-concentration as sink-float. The best tailing assays 
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were greater than one-half of the feed assay so recovery would not be 

acceptable. The slime losses wore high when desliming was used, as 

this product usua ily  assayed almost as high as the feed and amounted to 

more than 10% of the weight. Concentrate grades were about 2% Nb205, 

slightly better than the sink-float concentrates, but at a lower 

recovery. Any table concentrate would require flotation treatment or 

other method of beneficiation. Magnetic beneficiation was tried on these 

concentrates and is dsscri 

B.” punetic Separation'Tests 

High intensity magnetic separation tests were carried out 

on the coarse  and  fine table concentrates from the gravity pilot plant 

tests. The results on a plus 80 mesh table concentrate using a Dings 

three-roll separator are given below. The umagnetiteu concentrate was 

obtained by a preliminary pass •hrough a low-intensity belt-type 

separator. The umiddling" product is the non-magnetic tailing obtained 

by retreatment of the combined concentrates from the first pass through 

the Dings separator* 

Magnetic Concentration of Table Concentrate 

- 
Ifeigli,17-  --Assay, %- 	Dastribulion, 

Product 	 % 	 Nb205 	 Nb205 

Magnetite conc. 	4.6 	 0,33 	 1.0 

Top roll conc. 	20.8 	 0.90 	 12.7 
Middle roll conc. 	36.7 	 0.94 	 23.5 
Bottom roll conc. 	11.9 	 1.31 	 10.6 
Middling 	 6.7 	 3.00 	 13.6 
Non-magnetics 	19.3 	 2.95 	 38.6 

e,..,..unnnert•axlerm.«■n:lara.weemn.n.e... Tornena.. 	 , 

Calculated feed 	100.0 	 1.41 	 100.0 

bed below. 
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A c.,imâ.:l.ar test procedure on the minus 80 njosh table

concezitra,te, gave the results shown in the folJ.owiaig.table*

tfapn^etic Trea.tmnt of Fire Table Concentrate

Product
6-1ei.

%
Assay, T o—

Nb205
o

Nb205

k1agnetite conc. 1.5 0.57 0e3
Top roll conc. 28.6 2.15 17.8
Middle roll conc. 42.8 2.68 33.2
Bottom roll conc. 6.4 6.15 1l.4
Middling . 107 7055 3.8
Non•-Rk7,grkOt7.c s 19.0 6.10 33e5

Calculated feed 3.01 3.45 100.,0

It appears that soma of the pyrochlore is more magnetic

than the rest, possib3y due to small inclusions of magnetite in the

grains. Therefore, althoug1• the non-magnetic products are of good

.gx ade, no nva,gnetic products are made which can be discarded and the

recovery of niobium.'is 1ow. Most of the pyroxene reported .in the ,top

and middle ro1l concentrates. The calcite is ma:i_n:1y in the non-magnetic

tailing.

C. - Pilot Plant Flotation

Ore

The pilot plant flotation tests were carried out on ore

which had not been .premconcentratede The food varied considerably

since four lots of ore z•ro re mixe d at some stages of the te st.

Cx•ushin^

On arrival, each shipment was c rushe d t o minus 4 mesh in

the jaw and gyratory crushers with the fine crusher in closed circuit

with a scx•een.

-1
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Cx•isidhit;

The grinding circuit, fed by a constant -tre:i.ght feeder at

^i.p1?rox_imate:ly 420 1b/1-ix•' consisted of a])QUvcax 30" x 36" bal1 mill in

c.losod circuit with aDo13° Duplex 8f•i cl£6ssifi(31'o Nith the classifier

ovurflow de7is_i.ty of 25;0 solids'tila screen analyses of the flotation

:Ceesd.s in five typical test ruis wox°e as shown in the following table:

Test Itun ^ #117 3.69 220
a

337 349
.^,d ...._

Tyler Screen
7lkesh Percent weight

•a65 004 0a2 0.2 0.3 0.3
- 65+100 008 0@6 0„4 Os'ï 1s2
400'r'150 3.2 3.1 2,,0 2.8 4.7
-7.50+200 903 9.8 7.2 7,9 10.1
-2.00+325 18.8 20.3 17a3 18.3 19.,0

--325 6'7„567,, 5 66^0 72.9 70^0 6^071

00 100.0)00 1.00.0 i.00^0 100m0

Conditiozl3.n.,g

Sodium hydroxide was fed to the classifier overflow id-dch

was then conditioned in a Denver conditioner for approx;i.niatel,y 5 zni.n.

Collector (puomac T) was added to the firsL flotation cell for a short

condition3ng period4 The pil of the pulp at this stage s,ras^ appro)cimte1y

Flot atq.on Procedure

The f°lotati.on circuit as finally developed after many ^;i1.^aa^ges

is shown in F igure le Initially only the first 10 cell bank of No* 7

Denver cells was used for the first stage or calcite float tT-ith the

floated calcite product discarded to tailings. Frother and 1)uomac

wore staged to this circuit . The "calcite f1oL• ation". tailing was
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conditioned with magnesium fluosilicate at a pH of about 5 in the 

pump and in the first cell of another 10 cell bank. The modifying agent, 

catechol, was added to the second cell and a rougher pyrochlore float 

was made in the next six cells. The rougher tailing was discarded 

as ftfinal pyrochlore tailing!' and the rougher concentrate was claaned 

twice with additional catechol in No. 5 Denver  colis,  with cleaner' 

. tailings goingeo waste. 

.This processles modified progressively as experience was 

obtained. The final- flowsheet in Figure 1 included an enlarged roligher 

circuit, a calcite float retreatment stage, four stages of pyrochlore 

concentrate cleaning and a scavenger float on the final tailing, with 

all middling products recycled. 

Reagent concentration control was very important both to 

control the selectivity and to control the froth. Duomoe was staged 

to the calcite float at the 1st, 6th, 10th and 14th cells. Duomac 

was also added to the scavenger and pyrochlore circuits. After the 

initial conditioning with magnesium fluosilicate, catechol was staged 

to the pyrochlore rougher cell feed, and to the recleaner stages. 

Although the Duomec staging controlled the froth to  soma  extent, 

methyl isobutyl carbinol frother was staged to the circuits. The final 

froth control was obtained by throttling the inter-cell flow passages 

to reduce the air suppiy. Lack of a positive method for controlling 

the air tas the cause of much operating difficulty and erratic results. 

During the testing program, 41 test runs were made in the 

pilot flotation circuit. The reagent additions and operating conditions 

for each test are àhown in Table 5 attached as an Appendix to this report. 

For each test the desired operating and reagent changes were made and 
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the circuit was operated until conditions'were stable and recirculating 

loads reached an apparent equilibrium. This normally took from two to 

four hours depending on the point of circuit change and the difficulties 

met in readjusting the air supply. Samples of the products were then 

taken at 5 min interVals for one-half hour or more. In addition to 

samples of the three final products, other samples of stage products 

were taken as desired. A classifier overflow sample was taken for each 

test. This did not always agree with the calculated  food for .a test 

run indicating imbalance . in the circuit. 

Controls 

Reagents were fed in water solution with Clarkson feeders;- 

the Duomac T at 2%, and the other reagents at 10% by weight* An attempt 

was made to feed the magnesium fluosilicate by automatic pH recorder 

to maintain a constant pH in the pyrochlore float circuit but this was 

abandoned due to mechanical difficulties. Otherwise, reagent control 

was manual. Pulp density was established at 25% solids in the 

classifier overflow and no attempt was made to control densities 

in the pyrochlore float circuit. 

During the tests grab samples were taken of the stage 

products for control purposes. These were dried and rapidly checked 

for radioactivity by Dr. B. Ositis, an analyst of Cominco. A direct 

relationship had been established between the radioactivity of a sample 

of standard size and its pyrochlore content. By this method a rapid 

check was obtained on flotation circuit performance. 

Flotation Results 

The results of the 41 tests are summarized graphically 

in Figure 2 appended to this report. Details of three typical tests 
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are  given in Tables (3, 7 and 8. Table G  gives the details of Test 

Fil  during which no products were recycled. Table 7 gives details 

of Test F28 in which the pyrochlore concentrate was cleaned four tins  

and the middlings were recycled. Table 8 gives the details of Test 

F41, the last of the series, for which Figure 1 is the flowsheet. 

Discussion of Flotation Results 

The results in Figure 2 appear to be very erratic. There 

are three main causes for this: 

1) A great deal of the variability, particularly in the 

earlier tests, was caused by the difficulty of reproducing operating 

conditions in successive tests; As the collector in the calcite 

float was also a frother, control of air volume was the only way 

to control the froth. 

• 	 2) Each lot of feed was different and this affected the 

uniformity of results. From the graph it is apparent that the good 

concentrate grades often accompanied increases in feed grade. 

3) In many cases, however, particularly in the last 

tests the erratic results were the resuIt of deliberate changes in 

reagents or operating conditions. The points at which the collectors 

were staged were very critical and nany of the erratic results were 

caused by experiments to determine the right points for Duomac or 

catechol addition. As an example of the result of changing reagent 

concentration, the drop in recovery  front  54.4% in Test F25 to 3404% in 

Test F26 was caused by a change in total catechol to the cleaner 

circuit from 3.53 to 2.27 lb/ton. Similarly the increase in recovery 

and drop in concentrate grade from Test F18 to Test F19 can be 

attributed to an increase in Duomac at the last addition point from 
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0.24 to 0.43 lb/ton. 

Control of the processms eventually established by 

experience in operation and by changes in the circuit. Retreatment 

of the calcite float product starting with Test F16 helped to stabilize 

the calcite float weight and grade. Recycling of the pyrochlore 

cleaning stage tailings starting with Test F18 helped to control the 

pyrochlore recyvery, and concentrate grade. The effect of addition 

of two extra cleaning stages in Tests F23 and F27 is shown by 

the uniform recovery (at good grade) from Test F28 to Test F41. 

During these tests the final tailing grade was steadily lowered and 

this improvement mainly resulted from the addition of the scavenger . 

circuit. This also provided a point of addition for extra Duomac 

to control the flotation rate in the rougher cells. Also effective 

was the change in catechol addition to the final cleaner stage. In 

addition to better products and recovery, these changes allowed a big 

reduction in reagent consumption from approximately 5 ib/ton of 

catechol in Test F28 to 2.4 lb/ton in the last tests. 

DISCUSSION OF RESULTS 

Although preliminary testing indicated that  pro-

concentration  by sink-float would be valuable, its economic importance 

can be better evaluated after pilot plant tests. It appears doubtfe 

if tabling or magnetic concentration can make much improvement in the 

process. Magnetic tests on a high intensity pilot plant separator 

gave little concentration of niobium. Tabling tests on full size 

tables gave low grade concentrates and results indicated that  pro-. 

concentration  would not be as good as with sink-float. 

A great deal of useful information and experience was 
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obtained from  the  flotntion tests. The pilot run proved that the 

laboratory batch process could be carried out successfully in a 

continuous process. The catechol reagent was not affected adversely 

by decomposition in the recycled solutions and, if anything the 

selectivity was improved. The process could be varied with good 

control to give a range of concentrate grades up to 18% Nb205. Changes 

in the tenor of the ore did not affect operation other than to affect 
% 

the concentrate grade slightly* Additional cleaning stages might be 

necessary for lower grade ore. 

While the recovery of pyrochlore obtained was low (about 

60%), it was estimated that with refinement of operating controls and 

more stable conditions in a large  mil the expected recovery would 

be close to 70%. More testing could have been carried out in the 

.small pilot plant to obtain a better recovery. However, it was 

decided that operating conditions, equipment design, and operating 

technique had such a large effect on the results that further test 

work should be carried out in plant size equipment. Froth control and 

reagent control would be more effective. 

Some of the results indicated the necessity of doing more 

laboratory testing. In particular, some effort should be made to 

reduce the amount and cost of reagents. 

«111. 	 *MI 	Ye 

DEP/bV 
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APPENDICES 

Tables 

1. Sink-Float - Distribution of Niobium in Products 

2. Sink-Float - Distribution of Niobium in Screen Fractions 

3. Tabling 
Tests 	- Coarse and Fine Tables, Tests Ti and T2 

4. Tabling 
Tests 	- with Grinding to -80 mesh, Tests T3, T4 and T5 

5. Flotation - Log of Reagent Additions and Operating Changes 

6. Flotation - Details of Test Fil  

7. Flotation - Details of Test F28 

8. Flotation - Details of Test F41 

Figures  

Figure 1 - Flotation Pilot Plant Flow  sheet 

Figure 2 - Results of Pilot Plant Flotation 
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TABLE 1.

Sink-Float Test - Distribution of Niobium in Products

Medium Screen YJeiSht, Assay, Distribution,
Specific Product Fraci;ion, % °.
Gravity Tyler Nb205 Nb205

2. 95 Sink +j2 in. 12* 1 1.30 1808

-^ in. 18.9 1.45 32p7

»4 in. +6 m 2.7 1.43 4* 6

-6+10 m

2.85 Sink 4 in.

- +-I- 2^ 4- in.

-4 in. ^+•6 m
I

0.4

34.1

2.9

1.38

1.40

0.44

0.7

56.8

1.6

8.2 0,72 7.0

3.1 x.11 3.9

-6+10 m 0.7

14.9

2.85 Float 4 in. 4.5

Fines

Feed (ca1c.)

0693

0.75

0.13

0.7

13.2

0.7

-J2-4 in. 11.1 0.11 1.4

4 in.+6 m 8.1 0.37 3.6

-6+10 m 6.2 0.34 2.5

29.9 0.23 8.2

»10 m 21.1 0.87 21.8

100.0 0.84 100.0

:♦



1.30 

0.44 

0.13 

12,1 

209 

4.5 

19.5 

18.8 

1.6 

0.7 

21.1 0.91 

89.3 

7.3 

3.4 

100.0 

. Sink at 2.95 

" 2.85 

Float at 2.85 

44  in. Sink at 2.95 

" 2.85 

Float at 2.85 

1.45 

	

8.2 	0.72 

	

11.1 	0.11 
eleeeneeme../ 

0.91 

32.7 

7.0 

1.4 

' 41.1 

79.6 

17.0 

3.4 

100,0 

18.9 

38.2 

t 
 in.  

+6 m 
Sink at 2.95 	2.7 

" 2.85 	3.1 

Float at 2.85 . 	8.1 
seerlinnineeln, 

13.9 

38.2 

32.3 

29.5 

100.0 

t'  

1.43 

1.11 

0.37 

0.73 

4.6 

3.9 

3.6 

12.1 

1.38 0.7 

0.7 

2.5 

3.9 

I 0.93 

6.2 	0.34 

7.3 	0.45 

18.2 

18.2 

63.6 

100.0 

-6+10 m Sink at 2.95 	0.4 

" 2.85 , 	0.7 

Flolt at 2.85 
Mer.IIMend.e.1 

Fines 21.1 0.87 21.8 

Feed (calc.) 	100.0 	0.84 100 .0 
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TABLE 2 

Sink-Float  Test - Distribution of Niobium in Screen Fractions 

Screen 	Product, 
Fraction Specific 
Tyler 	Gravity 

Weight, 

of feed 

Assay, 

Nb 205  

Distribution, Distribution, 
% of Feed % of Fraction 
Nb2°5 	Nb205 



0.65 

1.30 

0.50 

0.27 

IMP 

0.85 

2.32 

0.60 

0.35 

0.64 

8.2 

34. 

15.7 

32. 

11«, 
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TABLE 3 

Tabling Tests, Coarse and Fine Tables 

Tests Tl and T2  

Test Product 
Product Assay 

Ti 
% Nb205 

Test T2 
me  Table oarse Table Fine Table Coarse Table 

0.63 

2.35 

0.70 

0.34 

Feed 

Concentrate . 

 Middling 

Tailing 

Cyclone Olflow 

0.70 

2.68 

- 0.85 

0.38 

Conc. weight, % 

Estimated recovery, 
Nb206 % gem 



TAME 4  

Tabling Tests with Grinding to -80 Mesh 

Tests T3 1  T4 and T5  

Table 	 Product Assay, % Nb205 

Product 	 Test T3 	 Test T4 	 Test  T5 
Deister Table 	Uilfley Table  f  Deister Table pilfley Table Deister Table 	UlD2e. 	Table 

Feed (overall) 	 0.75 	 0.75 	 0.79 

Cyclone Olflow 	 0.54 	 0.50 	 0.54 

Table feed 	 0.69 	 0.68 	0.62 	 0.85 	0.70 	 0098 

" 	conc. 	 1.23 	 2.10 	1.95 	 3.75 	1085 	 1.95 

" 	midd. 	 - 	 0.80 	1.10 	 1.13 	0.36 	 0.59 

" 	tailing 	 0.38 	 0.45 	0.36 	 0045 	0037 	 0.36 

Note 1. Test T3  - Deister table concentrate and middlinzs reground. 

20 Test T5  - TWO stage gEinding to minus 80 mesh  

Total Nb205 recovery in concentrates approximately 69.% 

Ratio of concentration - 3.5:1 
Cyclone slime losses - weight 11.8% 

Nb205 8. % 
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Tn13I,L 5

Flot ation

To st Lo of Rn a.^;ont Additions and 0 rz^^ C hrres
Run Pot^ïs Réagont Additions Operating

No. 1b ton of initial fee Conditions

Duomac T Meth Isobutyl IigSa.6 Catechol
(DT) Carbinol

(p:QC)

F5 «94 5„7 1.25 16 cells on Calcite
Float DT to Pyro
Float .05

F6 ^' . tl n Corks iilserted for
froth control. No
DT to Pyro Float

F? 1.50

F8 1.03 0.38 6.0 1.58 MIC to 1st ce1l only

F9 1.01 0.35 8.2 3.3

F10 1.19 0.38 7.0 3.65

F11, 1.13 0.38 7.0 3.65

F12 2.12 0.78 8.2 3.77 One-nalf of MIC to
Pyro Roughers

F13 1.82 ." it 3.65 One-half of MLC to
Pyro Roughe rs

F14 1.41 0.38 " 4.88 HIC to 1st ce1l only

F15 " ' ► " 3.90 Catechol reduced to
cleaner cells

F16 1958 u " 3.90 6 Fagergren cells on
Calcite Float
cleaners

r17 ^ ► n n n Better opQrating
control

F18 1.42 n ' ► 4.6 Recycled pyrochlore
cleaner and re-
c 1e ane r mi.ddlings

F19 1.62 0.68 8.2 4.6 HEC at Calcite Float
Feed and Pyrochlore
Float Feed

F20 1.47 " 9.45 4.5 HIC at Calcite Float
Feed and Pyrochlore
Float Feed

F21 it n it 5.8 Cateckiol only
changed

0

..,

(cont'd)
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Table 5 (contld) 

Test 	Log of  Reagent  Additions and Operatini  Changes  	_______ 
Run 	 Total Reagent Additions 	 OparaTing 
No. 	 lb/ion of  initial feed 	Conditions 

luorane 7r 	Methyl isobutyl 	MgSiFè 	Ca echo. 
(DT) 	Carbinol 

(MIC) 

F22 	1.29 	0,34 	7.94 	5.6 	MIC to Calcite Float. 
only 

F23 	9 	 9 	 9 	9 	Recleaner added to 
circuit 

F24 	1.36 	0.27 	8.45 	5.5 

F25 	9 	 9 	 7.88 	3.53 	Catechol off Pyrochlore 
Roughers 

F26 	9 	 e 	 9 	2.27 	Catechol reduced in 
cleaners by 2/ 3 

F27 	1.40 	0.57 	9.1 	5.10 	HIC and DT to Pyrochlore 
Roughers. Fourth stage 
claaner added. All 
cleaner middlings re-
cycled 

F28 	1.42 	Il 	 9 	 5.4 	A little DT to 4th stage 
cleaner 

F29 	1.38 	9 	 If 	 9 	 DT off Pyrochlore 
Roughers 

F30 	- 	 - 	 9 	9 	Three hr test 

F31 	1.78 	0.76 	10.2 	2.42 	0.3 lb DT to Pyrochlore 
Roughers. MIC to Pyro- 
chlore Roughers , 

F32 	1.92 	0.90 	 9 	9 	2 cell Fagergren added 
as scavenger unit. 
0.14 DT 4- 0.27 HIC  to 

	

, 	 this 
F33 	1.71 	0.61 	9.95 	2.39 	HIC  at two points. 

Erratic feed 
F34 	1.80 	- 	 9 	9 

F35 	1.71 	0.61 	 9 	9 	Check on F33 
F36 	1.77 	0.58 	10.0 	4.35 	Catechol increased in 

4th stage cleaner 
F37 	Il 	 9 	 6.3 	2.4 	Almost all catechol to 

4th stage cleaner 
F38 	1.8 	9 	 Il 	 9 	 More DT to end of calcite 

float 
F39 	9 	 0.80 	 9 	9 	Duomac increased in Pyro- 

chlore Rougher feed 
F40 	 Test cancelled 
F41 	1.8 	0.80 	6.3 	2.4 	As Test F39 



16 14 

Total 

Methyl Isobutyl 
Carbinol 
(Hie) 

HgSiF6 

Catechol 
•10% solution 
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TABLE 6 

Flotation - Details of Test Fil 

50 

13 

6 

5 

Re agent  

NaOH 

Duomac T 

(DT) 

2% solution 

lb/ion 

 6.55 

Point of Addition 

Flotation feed 

Cell # 1 
6 

9 

11 

1.13 

	

0.38 	Cell # 2 

	

7.0 	Calcite float tailing 
PumP 

Tyrochlore rougher 
• cleaner 
tt 	recleaner . 

31 
13 
14 

Total 	 3.65 

Feed rate 420 lb/hr 
pH of pulp - Calcite Float 	- 12.2 

Pyrochlore Rougher -  •5.2 

Circuit - Calcite Float 	- 16 cells # 7 Denver 
Pyrochlore Rougher - 6 " # 7 " 

Cleaner - 2 " # 5 " 
Recleaner - 2 " Yi 5 " • 

(conttd) 
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Table 6 (cont'd)

Meta11urgy

Product

Classifier 0':I'1ow
(Feed)

Calcite Float

It Tailing

Pyrochlore Rougiier
Conc.

Pyrochlore Rougher
T ailing 72.0 0.25 25.8

i^Jeight, % Assay, % Distribution,
Ca1co Nb205 Nb2O 5

0.64

17.6 0.38

0.80

4000

9.6

Pyrochlore Cleaner
Conc. 9,70 59.1

Pyrochlore Cleaner
T ail.in g 5.5 0.67 5.3

Pyrochiore Recleaner
Conc . 27.10 28.0

Pyrochlore Recleaner
Tailing 4.1 5.63 30.2

^
A satisfactory material balance was not obtained

in this test so distribution is approximate only.

-A

.



1.42 

6.55 

Total 5.4 
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TABLE 7  

Details of Test F28  

Circuit - Calcite Float 16 cells (Denver #7) 
Calcite Float retreatment• 6 cells (Fagergren) 
Pyrochlore Rouffior 	- 7  colis  #7 Denver 

1st cleaner - 4 cells #5 " 
2nd 	" 	- 4 cells #5 " 
3rd 	" 	- 2 cells #5 " 

tt 	4th 	" 	- 2  colis #5 	" 

Pyrochlore scavenger (1 cell #7 Denver 
(2 cells Fagergren 

Feed rate 420 lbihr 

Re a g_212.-Ls_ 

Reagent 	 cc/inin 	lb/ton 	Point of Addition  

Duomac T 	 65 	 Ce1_1 1 Rougher 
(DT) 	 18 	 6 	II 

2% solution 	9 	 9 	II 

	

5 	 11 " 

	

12 	 15 " 

	

5 	 Pyrochlore rougher feed 
• 	 3 	 4th stage cleaners 

Total 

Na0II 

Methyl Isobutyl 
Carbinol 	14 drops 	0.27 	Calcite float feed 

16 drops 	0.30 	Pyrochlore rougher 

MgSiF6 	 9.1 	Calcite  float t ailing pump 

Catechol 	 30 	 Pyrochlore roughers 
30 	 Cleaners 
15 	 Recleaners 
10 	4th stage cleaners 

(cont Id) 



707 

28.0 

64.3 

11.8 

84.4 

3.76 

100.00 

0.53 

0.27 

13.90 

0.81 100.0 
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Table 7 (cont'd) 

Metallurgy  

Product 
Weight, % 	Assay, % 

Calc. 	 Nb205  
Distribution, % 

Nb20 5 

Classifier O'flow 	 0.73 

Cleaned Calcite 
Float 

Rougher Tailing 

Final Pyrochlde 
Conc. 

Calculated Feed 



cc/Min 

64 . 
22 
16 
14 
30 
8 

21  drops 
11 drops 
11 drops 

0.8 

3 
10 
25 

pyrochlore roughers 
Recleaner 
4th cleaner 

Catechol 
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TABLE 8  

Details of Test F41 

Circuit - See flousheet, Figure I 

Feed . rate 420 lb/lu' 

Reagents  

Rea,gents 

NaOH 

Duomac T 
2% solution 
on ) 

Total  

lb/ton 	Point of Addition 

3.8 	Classifier Offlow 

Cell No. 1 • 	
II 	II 	6 
II 	11 22  
II 	

" 14 
Pyrochlore rougher 
Scavenger cells 

1.8 

Methyl Isobutyl 
Carbinol 
(14IC) 

Total 	. 

MgSiF6  

Cell No. 2 
Pyrochlore roughers . 
Scavenger cells 

6.3 	Calcite float tailing 
pump 

Total 	 2.4 

(conttd) 
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Neight, 

Table 8 (cont'd) 

MetalluEm  

Product Assay, % 	Distribution, % 

Nb205 	 Nb2o5 
0■117•01.01*.ra.111nel 

10.5 	 0.47 

0.27 

Final Concentrate 	5.5 (calc.) 	8.80 

81.0 

6.5 

29.1 

64.4lc 

Conc. 

Final Tailing 

7.80 

5.70 

4.50 

2.28 

0.77 

29 

Classifier Olflow 	100 	 0.75 	 100 

Calcite Cleaner 

3rd Stage Cleaner 
Conc. 

2nd Stage Cleaner 
Conc. 

1st Stage Cleaner 
Conc. 

.Rougher Conc. 

Cleaner Tailing 

This distribution is based on the classifier 
overflow feed grade with final concentrate 
weight calculated. 



Pyrochlore 
q le ane rs 

(#7 Denver) 

Pyrochlore 
Reel° aners 

(#5 Denver) 

- Cat 	 - Cat 

Clas airier 
overflow 

Na011 

- - -DT 

MIC 
Calcite Float 

Roughers 
(#7 Denver cells) 

Conditioner 

• 

-MgSiF6  

- Cat 

--DT 

Scavenger Conci 

Calcite Tailing  

DT 

Final Flotation Tailin 

Scavenger Flotation. 
(Fagergren cells) 

- 
• 

,--DT 	DT DT 

Calcite Float 
Ret re atment 
(Fagergren) 

Pyrochlore 
Float Rougherd 

(#7 Denyer) 

Pump 

80 
Figure 1 - Flotation Pilot Plant Flowsheet  

Final Concentrate 

Reagents 

DT - Duomac T 
RIC 	ME3 the Isobutyl Carbinol 
Cat - C atecho 1 


