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BENEFICIATION OF KYANITHE ORE FROM
THE RADIUM HILL DISTRICT,

~Abstract-

This report covers preliminary invest-
igations for determining suitable treatment
methods to produce a kyanlte of mquetable
grade for refractory purposes

1. SUMMARY,

Merket grade specifications of kyanite for Australian

consumers vary, but are approximately as follows:

Alumina. A1203 : 62 pefcent minimum,
Iron Oxide. - FGZO3 2 " maximun.,
Titanium Oxide. T102 ’ 2 i mAXimut.e
Linme

Magnesia 0.5 ™ mAXLmum,
Alkalies

Although chemical analyses of cxpcrimcntal vpiroducts
were not mwade, it was obvious from the prescnce of chloritec and
biotite that market grade watcrial wos not produced,

Heavy wedia treatwment goave o sink product containing
58.2 percent of the kyonite in 1lh.L pcrconf weight of the
original orc,

Electro-magnetic trcatment of this sink'product failcd
to producc 2 chioritcafroe kyanite quartz froction.

Gravity troatmont on the ore as received, uslng
shaking tableg, failed to cffecct a satisfoctory separation,
probably duc to the swall epccific grovity diffcercence and the
shape of the various mincrals,

Elcctrostatic scparation of the orc pro@uced o fairly
clcan kyanitc product but the recovery of kyanitc in the

conccntratec was very low,
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The results cobtained from flotation werc not
encouraging since it was found difficult to provent mica
floating with the kyanite.

The rcsults qbtainéd were not very cncouraging .but the

- inveetigation was only of a preliminary naturce. It is considecred

that further work is justificd particularly with refercnce to
mognetic and clectrostatic separation and also in minvestigation

of thc cffcet >f grain shapcs

2, INTRODUCTION.,

A depoéit of kyanite occurs a few miles from Radium
Hill. Geological investigation of thc depogit indicatces the

oxistence f a considerable tonnage of osre. The mincral

'occurs associated with largc scattcrced wmassce of biotite schist,

which arc cstimated to contain 20 percent kyanite.

A samplc‘of appraxiﬁately £ive tone rcccived by
thé Metallurgical Section was used for the test work desgcribed
in thie rcport. The bcneficiatiﬁn,programme woeg aiwmcd at the

production of a high grade kyoanitc concentrate suitable for

use as o rcfractory.

3 MATERI/AL EXAMINED.

Five tons of kyanite orc Was received frow the
Radium Hill district. Mineralogical analysis ehowed that

this =awple contained 9 percant kyanitce

).

4 EQUIPMENT USED.

The following laboratory scale equipmint wae uscd,

(a) Conc typc hoavy wmedia scparation
{20 inch dicmecter),

(b) Wilfley tablc,

(¢) Pneumatic tablec.

(d) Induced roll wmognetic scparator,
(¢) Elecctrostatic separator,

(a) Fagergren flototion cell,

CONFIDEUNTTIGLLe o



CONFIDEDNTI AL,
..3... '

5. EXPERIMENTAL PROCLDURE.

i
Portiosn »f the ore'was“crﬁéhéd‘tﬂ wminue 1/2 iéch and
ﬁthe plus 10 wmesh fraction was subjocted'%a hecavy mcdia ?rQatment.
| Mognetic separation tcste were carricd sut on tﬁe
original orc, the winus 10 weeh froction »f tho orC, - and gn the
1 heavy wmedia sink product. :
 Wilfley tabling, pneuniatic tabling, clectrostatic
scparatisn and flotation teosts woro»carried ~ut on thc original

OYCo, . : : 4

6. CONDITIONS nnd RESULTS.

6.1 Heavy Media Separation.

A smﬁplo of the sre was crushed to winue 1/2 inch,
and the minus 10 mesh waterial scrcened out, - |

The minus 1/2 inch plus 10 meeh fraction Was.thn
subjected to heavy wmedia scparétion'in o ferrosilicon mo@ium
of specific gravity 2.7. |

Mineralogical cstimatione and distributions of the

products are given in Table 1.

T-’xlBLE 1. .

Results of Heavy Mcdin Separation.

-

g e .-‘_:‘,' o :
Porccnt Mincralogical Percent

. et oht Examination g .
Product, Weight of Percont o Distribution

Original Orc, Kyanitc. gyanite.
Sink fractions 1ol 28,5 L 58,2
Float froctionis 5001 : 3,9 t 2746
-10 weeh matbrigl% 3565 208 o 1h.2
Original Ore. 100,0 7.1 %calc;) 100,0
9.0 (actual). ?
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6.2 Gravity Table Concentration,

Although the diffcrencc in ébecific grovity betwcen
kyanite and the chlorite biotitc ganéﬁo matefial is not grocat,
gravity trcoatment on tabies wog tried to detcecrminc whether the
difference in particle shape woulcd 2id the écparation of the
minerals. Kyanite occurs as lons thin bladc-like crystals,
while the"black micas" occur és flat platces,

Samplcs'of run-of-minc ore werc trcated at winus
10 mesh and wminus 28 mesh (Tyler) on a laboratory size Wilfley
table, and on a laboratofy gize pneumﬁtic tablece

In both instances poor recovery and little upgrading;

wag achieved sgo furthecr tcet work was abandoned.

6.3 Magnctic Scparation.

6¢3.1 Induccd Roll Magnctic Trcatment .of Run—of-minc orc.

Due to the difficulty of assceeing rcsults by chomical
analysis, and sincce thc kyanite product must be low in'irqn
content, the climinnation of biotite anc chloritc was token os
the criterion 2>f geparation effiéicncy,

Portions of thé or¢ were crushced to varying degrecs
of finenoss'ranging frow winue 14 wesh to minus 65 wesh (Tyler)
and the minues 200 wesh material frow cabh norticn screonbd
sute | _

Magnotic geparation tests werc carricd out on the
plus 200 wmesh fractions, |

The mochine wae ndjusted to producc o first and a
sceond wagncetic fracticn cach contoining as 1ittlce kyanite
ng poegeible, o non-magnetic fractisn freo of magnetic material
and & fhird magnetic fraction suitablc-forbrocycling ag a
middling Hroduct,

In no test was a kyanite-quartz product obtained free

fprom chlorite biotite contaminatiocne
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6.3.2 Induced Roll Magnctic Treatment of Heavy Media sink

Fractione :

Tests Were carried ouﬁ'on samples of heavy wmedia sink
material crushed to varying QGgrces of fincnces, thce wminus 200,
mesh material being scrcen out in cach casc.

The best results were cbtained using wminus 14 plus
200 mesh material, ‘ .

Wcight percentages of the products of thie tcet with
.rcsults of visual cxamination, arc givon'in_Table 2e.

L screen analysis of the non=~magnctic fractions, with
resulte of visual examinntion of the scrcen fractions, is

given in Table- 3.
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TABLE 2.

Results of Magnetic Separation of Heavy liedia
Sink, (winus 14 plus 200 wegh).

_ Percent ¥Weight of Percent Weight .of
Product. Heavy Media Sink Magnetic Separator Observations,.
Product, Feed,
1st Magnetics. | 545 6ol Predominantly chlorite and biotite,
.. some fine kyanite, -
an 1t ’ ) 902 1007 i - 1t tf n ]
3rd " - . 13,0 _ 15,1 ‘ Chlorite and biotite, some Kyanite
and quartz,

Non wagnetics. . 58.3 67,8 Mainly/quartz and kyanite, some

' . coarse biotite and chlorite,
14,0 - : Fine guartz, winor chlorite kyanite

Minus 200 mesh. »
and biotite,

100,0 ' 100,90
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TABLE 3,

Scereen Analyeis of Non-Magnetic Fraction.

Percent Weight of Porcent Weight of

100,0 100.0

Mesh Tyler. 3
v Fraction. Heavy Media Sink Product. Observations.
- 14 + 28. 31.6 : 18.4 HMainly kyanite, biotite and
o chlorite, .
- 28 4 35, 22,8 , 13,3 Precdominantly kyanite, somec
‘ : quartz.

- 35 + 48. 25.4 - o 14.8 About equal parts kyanlte and
: » : quartz,
- 48 + 65. 10.6 . : 6.2 Mostly cuartz, littlec kyunlte.
‘- 65, 9,6 ' 5.6 Almost pure quariz.
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6.3.3 Induced Roll Magnetic Treatment of hlnus 10 mesh
Fraction.

The minus 10 mesh material screened off prior to
heavy media treatment was subjected to magnetic separation

without further size reduction but no satisfactory separatibn

. )]
was obtained,

6.4 Electrostatic Separatiop.

A sémple of run-of-miné ore was qrushed to minus 10
mesh and fed to the glectrostatid separator wifhout'any brior
conditioning ireatment., The results hoﬁever werec poor as
very little scparation occurred. A further sample was crushed
to minus 20 mesh, and the minus 65 mesh fraction screened off.
The minus 20 mesh plus 65 mesh fraction was then condifioned
as a pulp with sulphuric acid, washed and dricd and further
conditioncd with benzoic acid.

The acid conditioned samplé wne fed to the clectrostatic
separator in which a good separation.ef biotite and chlofite
from quartz.and kyanite was obtained. The non-conducting
quartz kyanite fraction was repassod'twicc to give o clcan

product. However, the recovery of kyanite in this froaction was

very low and no further electrostatic testswere carricd out,

6.5 Flotation,

Flotation tests were carried out on 500 gram charges
of run-of-minc ore which had been crughed to minue 10 mech.
All sampies weré graund”tg 60 percent solids in d'laboratofy
ball mill prior to flotation in a Fogergren laboratory flotation

cell,

1

6.5.1 Kyanite Flotation.

Three tests wrc carricd out in nlknlinc circuit using

oleic acid tH flont the kyanite ond eodium silicnte as 2

- deprcesant for quartz.
P :
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A heavy voluminous froth, carrying mosf of the
kyanite, was obtained in the preliminary'tost, and although
sta?vation’amounts of olgic acid gave bettof rosulté, the
conéentrate could not be cleaned of mica.

Pive tests werc carried out in acid circuit using
varying proportions of Cyanamid rcagents'801 and 825, In
four of these tests the pulp was conditioncd with sodium
fluoride and sulphuric acid prior to additicn of the cyanamid
collector,. Pine o2il wasicmployeg as the frother,

In all teste a sticky froth was obtaiqed carrying
appreciable amsunts of kyanite, bﬁt contominated with biotite

and chlorite which were nct reamoved in the clcaning stagese.

6.5.,2 Mica Flotatiop.
| FSeveral tcste were zarricd out in which the micaceous
minerals were removedvin o preliminary flotation stcp using an
amine type’reagent'in acid circuit after which a fatty acid
type flotatiosn was used to float the kyanite.
Results werce fair although cowmplcte flotation of the
mica was not achie&od in thc preliwminary step, and the fatfy acid-

float for kyanite was not very scelective in acid circuit,

7. DISCUSSION OF RESULTS.

Preliwinary investigotione to determine posegible methods
ofrconcentration indicated that somc methods mey be climinated
as being unsatisfactory.

The methods investigated way be summarized as

follows: |
(a) | 'Heavy media trecatwment gave poor rcsults on the somple
| treated. On higher grnade fecd material a better
grade and‘fccovery could be czxpeccted.
_Markef grade product wag nof obtained;
(b) = Magnctic treatment did not give complcte removal of

chlorite, and biotite, 2ithough wmarket gradc wmaterial

wag closely approximnted. Recovery was poor,

CONFIDENTTIAL,
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The method appears feasible and further work is

warranted,.

(e) Gravity treatment on tables wag not eafiéfactory due
%o the swall difference in specific gravity between
the minerals to be separated. The difference in
particle ehape did not aid the ceparatlon as wa

expected.:

(a) Electrostatic geparation appearcd promising. Although
| recoveries were low, fairly complctc scparatiOnlof
chlorite and biotite from kaynite was obtained,

Further work is warrantcd in view .of improvemen te. mado
to tho laboratory machine gincc the preliminary

test work was carricd out.

(e) Flotation ehows promisge, market grade wag approximated
though recoverics were low. Further work is warrented
in vicw of 1mprovud fatty acid and amlne typc flotﬁtlon

reagent
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8, CONSLUSIONS. .
Anviextiension of the work on higb_intensity magnetic.
Qcpﬂrﬂtlon, electrostatic separation and flOtﬂtlJn tPC”thnt
'“nd )n any’ muthod 1nvolv1ng Qh”pu f“ctor 1~:wﬂrr°nted |
Howcver, before thie’ 1<'dore A'more detAilea “ppr“ gl

=44

of thse depo°1t is" db»lrnblo to dctcrmlnc thc propnrtlgn °nd grﬂdo

of the hlgh gﬂwdc ore 1n the de“Qlt ‘1¢'wcll ng thc tJnnqge B

of sre in the Aréa [N wholoal”J“'” e b e B
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