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The presence of

gnated 'absite', in

grade of 1 1b. or 1% 1b./long ton would be

lowesd value worthy of consideration.

red As B, C, €1, D
pample, calculsted

and 5, and the value of the

from assays of the six components, was C. ton by

ethods and ‘3’&1 gﬁ

ometriec methoda,

ton by radl

Purther indications
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the latter might be either a long chaln sulphonate or =

fatty scid selt such ss oleste, Some tesis on controlled

mixtures of such ingredients, one with s sulphonate as the

ement and the other wiih oleate, had tended o show

hat the oleaste mixture was the beszt,

In formulating a programue of work these poinis

1

were faken into secount and it was concluded that the firs

pointe $to be established were:-

{a) Conditions for a roughing circuit based on Whiteol

se of 2 successful

and fuel oil since these gave promi

outoome,

(b} A further investigstion of the use of sodi

or gther oleates since the elimination of a pro-

prietary resgent, of unceriain and poss

greater control of any

ng composition, would gi

cireuit and might
those previously upplied with 2 measure of success

$o 2 granitic type of ore.

me would investigate the

tes up to products suitable

eleaning of rougher concentirs

emical trestment,

In carrying out the primary programne som

established for (2) sbove would be required for (b) end {e)

of use

cbteined vhich would be

A few preliminary tests confirmed

- pacoveries of over 9040

give roughing

Fuel 01l mixtures would

t poor recoveries were obiained unless the reagen

and ths

nt wes

were sdded to the mill., This latter poi

prought out in subseguent work; even with other circuits
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giving poor resulis, the rec

by adding reagents to the mill.

Throughout the roughing amme all tests were

?m Z ¢ <

evaluated on rediometric assays in order to relieve pressure

on chemiecal snaslyeis; for comparsative purposes these anslyses
would be satisfactory.

301

Whitcol - Fuel Qil Ratio.

A series of flotation tesits were carried out on

wet st éfgﬁﬁ solids for 45 minutes in 2 ball mill to give a
ately L48% -200 mesh (=76 &), the

il. In each cuse

approxim

product containing

flotation reagents being added to the mi

the

Whitcol addition was 10 1bs/long ton of ore and the Fuel

0il wee varied to glve different ratios., Plotation was
carried out in 8 laboratory size Fagergren cell without

concentrate was collectied in four

gonditioning. A rough
miny

tes flotation and this was refloated for one minute, to

give three test products for sssay, & concenirste, a cleaner

tailing and & primary rougher tasiling. No further resgents

were added to either the roughing or cleaning cell.
The results of these tesis are given in Table 1,
and are shown graphieally in Pigure 1.

Prom thesec results it is apparent that miztures

teol in ratios of less then 2 $o 1 are less

containing Whi

gxcess

efiective and, especially, thet ratios containing

of Puel 01l over Whitcol result in an asppreciable decrease

in recovery. For subsequent test series it wes decided %o

use 3:1 ratios in & standard mixture although it was re-
cognised that 2:1 and L:1 ratios might require triel

eventually,
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342 Addition of Cresylie Acid to the Whitcol~Fuel 011 Nixture.

In the use of reagents of ¢hi

was a useiul
A series of tests was cerried out, using a8 technigue
or to that described in section 3,1, but sdding 6 1bs.

¥hiteol and 2 1lbs. Pu

el 01l per ton to the mill in each test
together with a varying amount of Cresylic Acid.

in Table 2 and shown

The test resulis are given

aphically in Figure 2.

The results of TP 10 (sec Table 1.) are plotted

Pigure 2 to provide the points for no g?@ﬁyiia acid addition.

PThere appear to be no conspicuous advantages from

adding cresylic aecid, in fset there is & slight iendency for

sreage with increase in cresylic é@ié addition.

o veries to 4

There alsc appesrs to be some bad effect on the cleasning
greatest additions

of eresylic acid it is still slightly less efficient then

the cleaning operstion in TP 10 when po eresylic acid wss

used. A48 indicsted by the concenirate assays however, there

could be some sdvantages in ﬁ@l@ﬁ%i?i§3 %€f dding

eresylic scid snd, from observation, the Inm

ared to be limproved in quality.

For subseguent tesis it was decided to use a reage

{(Reagent 'P') having Whitcol, Puel CGil and cresylic acid in

the proportions 3:1:0.1.
finimum Addition of Reagent 'P' for Optimum Results.

%t described in seciion

4 procedure similar to thse

gain used but the guantity of reagent 'P' added

was veried.
Results of tests are given in Table 3 and shownp

44%%}%&%@113’23 Pigure 3Je
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It is elesr th.i & specific guentity of reagent

iz reguired to achieve & g@%iﬁf@ﬁ%ﬁ£§'f$§§@§?§ and, for the
size of ore feed used, this would appesyr to be of the order
of & 1bs./long ton: for subseguent tesis for other varisbles

an addition of & 1bs./long

ton was used.

All flotation had

¢ hitherto, been conducied at
the usual 5:1 %/9 ratio, but in view %Zif the small valusble

mineral burden of the ore it was desirsble to test the effect

of thicker flotation pulps, since a greaier burden of vsluable

mineral per unit of frothing erea might, if that minersl

reached the froth surface first, anssist selectivity.

'p* and floated together st a pulp ratio of 2.5:1 approxi-

mately; @ rougher concentrate was collected in 4 minutes
ted for 1 minute to produce a clesner concentrate.

ent 'P°

and reflos

A further test using 4 1

bs./long ton of reag

was carried out to check the resgent usage reguired on thicker

palps. The results of these tests are given in Table 4
p density (TP 286 and

together with the resulis on norma

PLEON.

TP 32) for compa

Phese results show that there is no advantage

using thicker pulps and again em

& 1bs./long ton is inadequate for this size

tion of less ths
of Teed,

3.5 Veriation in Grinding

Tn section 2 it was remarked that previocus work
ng released
ked by a series

ground for different periocds. In a2all tests

and the procedure

gent '?' was used
wes as described in section 3.1. Test results are given

rephically in Figure L.

in Table 5 and shown g
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It will ed thaet there is a

he noi remarkable

consistency in the roughing recovery for grinding periods

down to 10 minutes; there is 2 small decrease for 7 minutes

grind snd a considerable decrease for 5 minutes gﬁiﬁﬁg

re 1s a genersl tendency for gres

sl %0 be floated in the rougher concenirvate as the

inereases; this resulis in & poorer grad As

ying recoveries indicete, there ig 1little evidence

minutes increases the

In view of the recoveries cobitainable on charges

inutes the reagent addition factor {@#&

igated for both cases.

75~

ed only & general tendency

grinding the results of tests (TF

sase with incressed

ng obtained only with

emounts of reagent,

ng ton. The values remain-

ing in cleaner tails sugrested thet & significant number of

nner in which

composite particles was present. The erratic ms

" pecoveries exceeded or fell below the general trend sugsesis

that a 7 minute grind could be at or nesr the critiecal period,
degree of liberation depending primarily on the minersl
rom these facis it

the

- peourrence in the particular chsrge.

would seem that 10 minutes grinding is probably the lower

mit of grinding time which wou

10 glive ﬁ%ﬁ%iﬁ%ﬁ%@ results.

Test resulis for 10 minutes gr

in table 6 and are plotied in Pigure !




A% thie addition alsoc the cleaner efficlency is betierg
it ie possible thst lower clesner efficiencies with the
smaller reagent additions msy be due %o an insufliclency

of reage

nt in the reflotation operation.

notable that lesser amour

data of Tables % and & it is

of valusless material appesr to be Tloated by

the shorter grinding period and grades of concentrates are

improved therebye. In contrast to the resul

grinding, those for 10 minutes gr

erratic and, it is fell that this

pericd is sufficliently
above the criticsl period to give

A 10 minutes gr

ind is virtuslly a =18 mesh (B
imately 23% =200 meshs

flotation procedure involved s 4 minutes

roughing period

it wess frequently observed that flotation sppeared to fall

nutes, the froth becanme

apidly after the first two mi

rently barren and, after a short intervel, micacenus

components began to float in incressing guantity.

The rapidity of flotation was therefore investigsied

ouble charges of ore, in order ito provide sufficient

guantities of products for assay, by %aking successive con=

centrates st one minute intervals., The charges were ground

with 8 1bs/long ton of reagent 'P' for 45 minutes. The

test vesults are piven in Tazble 7 and ere plotted in Plgure

B

t
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From the results obtained on the 45 mi

it is thought that the concentrastes

obtalned in the fourth,

posaibly the second minuites, will contain the

ma jority of the composite particles with unliberated mineral

values, whereas the first concentrete will contain 2 large

" proportion of entrained gangue. This may not be the case

when the shorter grind is used an
of the products will be needed to determine the extent to

which all, or part, of the roughi

ng float may need to be

reground for cleaning

perations.

made op vie

ual observations of gr@?iaga tests before it was
known thst both grind and resgent addition were probably
ingufficient,

Phe resulie obitazined are given in Table %»

Tests 88 - 91 in Table 8§ were carried out on a

parcel of ore which proved to be of somewhat lower grade

than the previous parcels used, In test 87 no reagen

added to adjust pH and the pE values are those nstural to

the ore pulp with the collectors added. In test GO pH

adjusted by sdding sulphuric acid and in 869 = 9

caustic soda,.
The results show that the recovery ls very sdversely

affecte

d by incressing acidity, which is in sccord with all

rs

other tests in acid circuits, The optimum resull appea

to be obtained at or near the natural pH

of the ore pulp as

ground with the collector. When the circuit is adjusted to

alkali

nity there is = steady decresse in rec

linity incresmes,
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of reagent 'P', but 1% would appesr that ther

tests have established the following

Por a roughing circuit based

dataz~

nately =18 mesh (BeS.S.) is

satisfacltorye.

{b) Reagents should be added to the gr

ing mill.
dhitenl -~ Puel 01l miztures in the retio of 3:1

ave satislactory.

Creeylic scid mey have some useful effects il used

in small guentities and the resgent mixture used

might well be Whitcol 3:

gt least & lbe, of resgent

necessary io use

Pulpe of density gr

have no advaniag

Puel 01l 1: Cresylic Acid Q.1.

{g) Plotation is repid and over 90K

can be collected in two minutes.

pil for optimum resulis may be between 6 and 7.

The following information ie required to completise

survey of circuit conditions or to provide daia of

econpmic value in operstions;e

(1) All tests have been carried out using tap water.
Phe various factors for reagent additions and pH ﬁ
will need to be checked using the water likely to
he svailsble at the mins,

' 1iteol - Fuel 01l rstios are satis-

{ ii } A;%E% noy B  ¢] 3 z 1 U
ixtures are sufficiently

factory both 231 and L1 mi
further

close to the other in effect that some
assessment of thelr use might be profitable. This

bably be best cerried out on & continud

pogsible



(111)

(iv)

unit and, the choice would ultimsately depend largely
on the resgent costs involved in relation 1o the
performsnce obiained. There would not appear to

be any reason for sltering the cresylic ascid pro-

portions relative $o the fuel oil.
The time of flotstion required to obtain sufficient

nute

recovery should be investigated for the 10 mi

nlogical inspection of
rmation
4 continuous test should be earried out to check

the performa

ing on a grind approximeting

to that of the 10 minute laboratory period, The

Tests were carried out with sodium

ecollector both with and without fuel oil or cresylic acid

as gssistants, A4ll of the tesis reported were cerried out

pefore it was known that a 10 minutes gri

In 81l cases res

fuel oil it is as g

fact there iz s

without

gents wsed were added to the mill,

esults of these tests sre given in Table 9e

oleate

Tt is clesr Trom these pesulis that sodium

fuel oil is not very selective but used with

cod as Whitcol ~ Fuel 01l mixtures; in

indication that it is more selective

and reagent consumption is certainly more SCONOMICAL.

oleate is I

ole

smmoniun Oleate.

For some non-metallic flotation problems smmo

wnown to be rather more selective than sodium




Early tests (TP 36 2nd 36

oleate with either scdium or smm

enn the tests were

4 bil o mﬂ 2

reagents had been added o the cell, ¥Wh

d o

repeated (TP 37 and 374) with the reagents adde
nearly LO% recovery was obtained and the flotstion was Just

t with Whiteol -~ Fuel 011 mixtures,

as selective ss ths

tap water, used these tests,

Since the

hard it was considered ﬁh&%'%ﬁ@k of the svsllable oleate

neg and in subs

,: an consumed @y v;,"ii‘

equent tests

the oleate addition was incressed to 3 1bs/long ton; the

resultes of this test are given in Pable 10

he fuel oil

an undesirable effect and that reversion to

alleling the Whitcol usage, might be profitable.

combination, per

Results of such tests using s 20 minutes grind are

»& in Table 11,

marked but, comparing

um oleste iz 8 much betlier collector slthough

hat betier selectivity of smoonium oleste is spparent. It .

ies aleo notable thst it iz not easy to clean the roughes

ncentrate when it is of high grad When the reagent used

or the froth is less voluml

nous, less

more selective, and/

, ed and the simple reflotstion, which drop
put such meterial, is not sufficient to separate the uvuranium

tation properties

minerasles Tron others which have gimilar flo

under the conditions. Hica and %o = lesser extent, rutile

probably the principal interferanis.

gome Lests were carried out with olelec seld bu
g to juetify further

leate, but it should

e in combinetion



with fuel oil,

te4 Further Work on Qleates.
Sodium oleate should not be a diffienlt reag
obtain and would be likely to

onium oleste,

e ¢he

aper than amm

Further work is therefore @%ﬁi?ﬁ%ﬁ%‘@iiﬁ sodium oleate and

this should be directed toward the establishme

num resulis, similar {0 the procedure used for the
Whitcol reagenis; the testwork should be carried out on

ore

ground to gi
& ?ﬁ ﬁiﬁﬁ% 2h gﬁiﬁﬁ iﬁ ‘Eh@ 1&?&%@% ﬁzzg

2e1__Acid Circuits.

| On another ore of = gran
found that scid circuits of pH 3.0 to L.0 were selective
when reagents 825 and

fleo

601 were used ae collectors togather

with sodiuwm

uride as a depressant for gangu

P 6,9 and 15«17}
iag an alkaline

profitable,
Amine 220 was slso tried ss s ﬁﬁlﬁ@%ﬁﬁ? in scid

lar resulis and in view of the better

cireult with simi

ano

having a pH natural to the ore

625 and 801 in eircuits
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tc the
825 and 0+5 1b.

reagents used. The results of tesls using 3 1lbs.

B01/1long ton of ore, wiih or ﬁi%hﬁat fuel

0il and cresylic acld as indicazted given in Yable 12,

ground with the

In 8ll tests cha reagents for

20 minutes,

A4 further series of test results in whieh 3 lbs,

4 as the colléctor are glven in

reagent 825 only was use
Table 13.

In the feeds recelved

(Table 13) for
4% minutes and for TP 69 20 minutes grindin

TP 51,52,53
the cell after & firs

£t concentrate

eresylic acid was added to
nad been collected; in sll other cases reagents were added

to the mill.

The vesulis obisined sre not as promising

obtained with sodium oleate but 825 when used with a sma

guantity of 801 elearly has some collecting properiies. The

use of cresylic scid is of dov
appears to assist Ilotstion.

S¢3 Furtiner Vork

iy been stated (section 5.1) ameid

ey to be worihy of further conslderation

- gireuits 4
but it would b
with and without fuel oiles

amine 220 in natural circuit

& %@13%&%@%?

801 obviously have gon

g Juncture
id

epties and whilst further tests with these st thi

ere not so important as tests with the Oleates, they shou

borne in mind.

d, 8 simple cleaning

he rougher concentrate

in 8 considerable rejection of weight of material from

anium vaelues., This is

concentrste with little loss of ur



that the materisl rejected w as mainly

thought to indiecate

mechanically entrsined in the froth and that the reject

contains only s small smount of composites of ursnium mi

with gangue in which the latter is the ms jor component.

Tt was noticeable that, on those occasions when

the

rough concentrate was richer then ususl due to greater

- selectivity in the

operation, reflotation tended %o give a

higher clesner %tailing. This could be due to the presence

of composites which do mot float readily in the thinner pulps
and different reagent conditions of ihe cleaning gell or,

order of flotation be-

possibly, o & rearrangement of the

tween the unaniferocus constituents and other minersls having

pearly compsrable flotstion properties.

Pests were carried out using potassium permengsnate

ground for 10

minuntes.
eireult or to the clesner cell had little effect on the re-
coveriesz obtained by the usual roughing and reflotation

rreater selectivity was obteined and

there was, in fact, a slight sdverse effect on the uranium
recovery. |

Further work on the cleaning operstions will need

to investigate regrinding of the rough concentrate or the

refloated concentrate and the use of various depressants.

some wetting

Fhosphates, fluvorides, silicates and

amount of uraniferou

such ss ¥jercesols" could be tried; as the

ed is emall it is better

minerals to be collect - practice,

we ) if poselb

therefors, to depress the major component (g

depression of the ursnium minerals whilst ficating

apngue should not be overlooked.

There is a need for more mineralogicel da

tablish the

ehemicsl snalyses on concentrates in order to es

nature of the cleaning separstion %o be attempteds This

the wvariocus producis

information could well be obtaiped from

rom & continuovs test involving recireulation of

=
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clesner tallings, reeclesner tallings, ete., snd, should

be directed towards the establishrent of the nsture of the

minerals assoclated {(or flosting) with the ursnium minersals,

the nature ané smount of composite peeticles snd the size of

the mineral @&f%i@ié% in the various products.

From some previous mineralogicsl and chemical

deterninstions on concenitrates there has been an indiestion

th:t not 21l of the thorium conient of the ore is accounted

for by absite, da Végﬁag and rare earth phosphates, and that

not all

uranivm is sccoun

recent identifi

aation of orthite in the ore by Hre. A. Whittle
may account fof some or sll of these deficiencies and 1t i=

erations that

the distribution of the various minerals in the producis
from different stages of flotalion should be known,.

. containing spproximately 1.0 - 145 1bs,
mesh §t sSede 3
Whiteol, fuel oil

the ore %o =18

U.0,/ long ton, by g?i&%i@g

with & 1bs/long ton of & reagent containing

and cresylic scid in the proportion 3:1:0.1 respectively, it

is possible to obleln ?ﬁagﬁiﬁg recoveries of 909

using laboratory tep wster. 3y reflotation of the concentrate

reduce its weight by some 50% with only a
of grind, time

it is possible to

small loss in recovery., The effects of time

of flotation, pH, reagent quantiiy added, pulp density and

wve been investigated.

reagent compoeition he

oil appesrs fo be ss

godium oleste usmed with fuel
good as Whitcol - fuel oil - cresylic aeid mixtures and

sm oleate glso appesrs o have collective abillties.

Acid circuits of acidity greater than about pH 6

of the resgents testeds

are upnsatigfactory with any



Reagents 001 and 825 have some collecting power
Whitcol mixtures in the

bt sre inferior to oleste or the
circults employed. |
Whitecol

Recommendations for further work on the

mixtures are detailed in section 3.8, for olestes in section
Leli mnd for other resgents in section 5.3.

To assist the study of the clesning operations

onal GHemiesl aaé.ﬁiﬁﬁfﬁlﬁgiﬁﬁi data are reguired on

;he occurrence of the minersls in products resulting from a

continuous gg@?@%iﬁﬁ'iﬁ?ﬁz?iﬁg recirculation of clesner ta&lﬁ;“

A8 Boon asg P

araniwn content should be made on & number

dy avallable, the number

for whieh radiometric assays are alres

a to cover the widest ?%aﬁiﬁlg range of values

rmation of values. These agsays

ng radiometric assays

should be plotied against the correspond:

to provide a means for correcting iest results which have, so

etric sesay,

ed entirely on radiom

It is also desirsble %agt,a%‘%%ig stage, water
ioeal to the mine should be used to check the various Tacts

eatablished with tsp water; circuilt adjusiments, if nece

can then be sscertsined before proceeding to cleaning

inveatigations,
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) TABLE 1.

COMPARISON OF DIFFERENT WHITCOL
FUEL OIL  RATIOS

CONCENTRATE CLEANER TAILS TALES.
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TABLE 2

EFFECT OF CRESYLIC ACID ADDED TO WHITCOL.
FUEL OIL MIXTURE
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£,
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TABLE 3.

EFFECT OF VARIATION IN QUANTITY OF
REAGENT 'P° USED

LSOOG ENTRATE.., CLEANER TAILS JALLS
Py ¥ o
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EFFECTS OF GRINDING

PERIOD VARIATION
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TESTS WITH SODIUM OLEATE
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