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HEAVY SANDS_ INVESTIGATION.

THE RECOVERY OF MONAZITE.
RUTILE AND ZIRCON FROM MOANA BEACH SAND.

by .

BaEe AShtOn.

C.R« Sandman. ‘
and

L,J. Weir,

-Abstract-

A concentrate of heavy wminerals was made from
the beach sand deposit at Moana, South Australia,
This concentrate was treated by magnetic and -
electrostatic methods to recover monazite, rutile
and zircon. The valuable mineral product was in-:
each case below marketable grade. The original
sand contnined 0.9 percent rutile, l.4 percent
zircon and 0.1 percent monazite. The rccoverics
were 51, U43 and 65 percent respectively.

The minerals monazite, rutile ond zircon occur in a beach

sand deposit at Moana, 23Amiles gouth of idelaide. Lavoratory

" tests to extract saleable concentrates of thesc three mincrals

have been made. Sincec monozZite contnins the strategic radioactive

clemcent thorium, grecater cmphncsis was'placed on the rccovery

" of monazitec than of thc other two winerals,

The treatment ndopted consistcd of thres basic forme of

minernl separation.

l, Gravity separation.
2. Magnetic Separatione.

3. Electrostatic Separation.

Teets werc conducted in o mapner approximating to

‘plant practice,
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The recoveries of monazite rutile and zircon were 67,
51 and 43 percent respectively. Bocause overlapping character-
istics of the thrce iwmportant wminerals prevented clean separation,

concentrates of market specificotions werc not produccd,

2, INTRODUCTION,

Concentrations of heavy mincrals arc known to occur
at various points along the South Australian coast, The

valuable mineral constituente of thesc beach sand deposite are

-rutile, zircon and monazite. Many. othcer heavy minerals occur

assgociated with them, and conegist wainly of miscellaneous
hecavy silicate and'iron oxidec wminerals,

Various accepted\tregtmpnt mcthods arce used to cffect
a separation of rutilc; zircon and monazite, but the efficiency
of separation is dependant on the c@aracteristics}of”thc

minerals present which, for diffcerent deposite, arc not

‘ncccssarily constant. Hence & treatwment wcthod designed for

onc beach saﬁdrdeposit way not be suitable for another deposit

cven though the sands contain the sawme economic minerals.

3¢ MATERIAL EXAMINED,

The beach sand used for this investigation was obtained
from tho gand dunes af‘Moana. Tho‘samplo was collectedéin
collaboration with Mr. A. Black, consultant to South : ~
dustralian Rutile Limitcd. If.was apprgximatély five tons in
weight and was considered to be representative of the whole
dune arca, excluding thc highcr.gpado beach dc@os;t.

The saterial was uscd since it wae the only bulk
hcavy wineral becach sand sample'readily_available for large
scale inVcstigatign of the rcecovery of thorium bearing and

other valuablc mincrals, s

RN
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j, EQUIPMENT USED.

I

The following equipment was used in the investigations

(a) Humphrey Spiral (5 turn).

(b) High tension elcctrostatic scparator,
(c) Induced roll magnetic separator.l
(d) . Wilfley tablc, .

(e) Stearns single disc magnetic scparator.

5. PROCEDURE.

501 Ipitial Gravity Conccntration.

For this work a 5 turn Humphrey spiral unit was used:
to produce a concentrate containing all of thc valuable Heavy
minerals. Due to the wide range of wincral specific gravitiés
it was found neccesary to adopt wulti-stage treatwment of the
;arious tailing and middling fractions,

The method-ﬁinally,adoptod is ghown in Flowshcct 1?
There wae insufficient sawplc available to carry Sut this - -
gravity doncentration stage in cyclic fashion.

Prior to gravity c9ncentrétion it was .found necessary
to scrcen the bulk sample on.a 20 mesh scrcen to rewove
extrancous wmattcr. The oversize fraction Which'represgntod
lese thon 0;5 percent by wcight of the total saople coné;sted

mainly of organic matter, large pebblcs and shell fragrents.

5.2 Production of valuablc¢ wipcral conccntratcs.

For this stage the dricd grovity concentrate was
uscd. as féod material, .Proviogs ekporienco with beach sand
matéria; of this type had shown that a cowplex wcthod of
treatment WQS'required, involving gravity, @anctigaand high

tension forms of clectrostatic scparation. Since in such

‘o wethod appreciable amounts of waterial report in the

CONFIDENTTI A La
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igtermediatemfractions,'the investigation was. carried out

in cyclic manner, Tne-aim of a cyclic test is‘to allow the

intermediate fractions fo reach cquilibrium with regafd to

both Wcighﬁ and composition 1.C., when the weight and

composition of each of thesc fractions becomoé constant. The

cyclic test was carriedAout as follows:- the gravity'coﬁccntrato

was‘divided‘inpo gix equal bortigns cach forming the basis

of a cycle. One of these portions was then trcatcd in the

manncr shown in Flﬁwsheot 2 as the ?irét cyclc.
Thisff;owsheot produccs a‘ngmbgr of final products

both valuablc and reject in naturc and also other products which

have been copsidered as intermediate or "middling" fractions.

. These middling products were rcturned to the next cyclc in the

positions covsidercd most appropriate, This proccdurc was

RN

rcpeated until the six cycles had been complcted,

6, OPERATIONS CONDITIONS and RESULTS,

6.1 Opecrating Conditions.

6.1,1 Spiral Copccntration.

The operating conditions for the various stages of
gpiral concentration are shown in Table 1.

*

TABLE 1.

Huriphrey Spiral Opcrating Conditions.

Fced rate, - 0,7 tons of dry solids/hour,
Fced pulp density. 23 .pcreent solids,
Concentrate pulp density. 50 - v
Wash watcer flow ratc, Lo gallons/hour,

CONFIDENTILALL
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6.1.2 Elcbtrostatic Separatione

The conditions for cnch stage of high tcnsion

scparation arc given in Table 2,

TABLE 2,

High Tengion Scparator Opcrating Conditions.

——

Fecd rote, 25 lbs/inch width/hour,

~ Roll peripheral speed. 370 feet/winute. T
Potential, 20-30 kilovolts depending on nature
' of feed, '
Polarity,. Rotating roll earthed.

Higg tension clectrode negative.

" Feed temperature, 3007F,

\

6.1,3. Magnetib Separation.

?hé operating conditione for each stage of magnectic

separation are given in Table 3.

TABLE 3.

- “n - -

Magnetic Scparator Opcratinmg Conditions.

-

Fced ratc. 30 1lbs/inch width/hour.
Roll peripheral spced, 120 fect/winutc.
Coil current. - 0.5 = 1.5 amps depending on

nature of fecd, :

 6.1,4 Tablc Copcentration.

The conditions undcr which the Wilfley table was

opcratcd for the various tabling stoges arc given in Table L.

TABLE L. .
Wilflcy Tcble Operating CopnditionSe.

Fced rate., 70 1lbs of dry eolid/hour,

Table speeds . 250 strokes/minutes.
Table strokc lecngthe. ' 0.5 inchcs,
Water feed rate. = . 80 gallons/hour.

CONFIDENTIAL,
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§.2 Regults,

6.2.1 Results of Initial Gravity Concentratione.

- The percentage weight of each fraction prdduceq during
the gravity_concentratiop stage is shown in FPlowsheet 1.

Sincé rutile has the lowest specific gravity of the
three valuable winerals present in the sand (monazite, zircon
and rutile) the final spiral products, consisting of concentrate
middling ana tailing fractions, were assayed chemicallly for
Tioz; This served as a measure of grayity concentration
efficiency. »

The weight percentage and TiO2 content of cach of the

final spiral fractiones are given in Table 5.

TABLE 5.

Results of Humphrey Spiral Gravity Conceuntrate.

Percent 740 Distrib,
Fraction. Weight of Perfent of TiO,
Original’ ° Percent,
Feed,.
Conccatratec. ‘19.h 10,1 81.3
Middling. 2762 1,18 1269
Tailing. : 53.4 0,27 " 5.8
FEED. | 100.0- 2,4, . 100.,0

The mineralogical cowmpositions of thec above threec final

fractions werc determincd and arc shown in Tablc 6,

CONFIDENTILL,
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TJ"“LBLE 6 [ ]

" Mineralogical Compositisn of Huwphrey Spiral- Fracti:zns.

Fraction, Feed, Concentrate, Middling. Tailing.
Percent Weight of - \
Spiral Feed., 100.0 19,4 27.2 534

Percent Weight of:

Haematite. - 8.7 ( 14.4 8.6 3,0
Limonite. 8.1)
Ilmenite. 1.6
Magnetite, ‘ 0.8 :
Total rutile, (2.2) 10,6 (0,3) (trace)
Non-opaque. 0.9 Le5 0.1 "
Ferruginous,. 1.3 603 0,2 -
Zircon. 1ol 6.8 " Ooly trace
Monazite, 0.1 0.7 trace "
Miscellaneous Heavy
Silicates. 11.6 L3,2 7e3 2.4
" Quartz, Felspar. 76.0 13,6 83.4 9L.6

100.0 100,0 100.0 100,0

The results shown in Tables 5 and 6 indicate that a good
recovery of the valuablc constitucnte, mwonazite rutile and zircong

wasg achieved in the gravity concentrate. "Although the widdling

fraction represented ‘a considerable percentagc weight of the

‘ original spiral fced, the valuable wincral content was low

suggesting that this fraction could be considercd as o tailing.

62,2 Resgults of Productiosn of Valuable Minceral Conccntrrtes.

As wag stated in eection 5.2 a six cycle locked-batch
test was carried out based on FloWsheet 2.
' The percentage weight of cach of the final products

from the last cycle is shown in Table 7« The final fractions

Are expressed as a percentace of fecd to the gravity conccntration

scctione,.

COMFIDENMTIAL,
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TABLE 7,

Percentage Weight of Final Produbtsl-hx

Bascd on Feed to Gravity Concentrafion ‘Scction.
Product. - Percent Weight.,

(Identification as per Flowshecet 2),

17 3453
18 (Zircon conccntrate). 0,61
22 ' 7«70
23 (Monazite concentrate). 0433
2l | 0,22
34 , o Le37
4O (Rutile concentrate), 0,51
Gravity Concentrate equivalent., ’ 17.27

The summation-of the final products gives 17.27 percent

but for equilibrium to be established this figure should be

19.40 percent. This indicatee that all the new fecd was reparﬁing

in the¢ final products, and equilibrium c;nditidns werce not  quite
attained. This difference is discussed later in Section 7.

Thes¢ final products were subjected to wineralogical

cxamination and in addition, the threc conccntrate products were

agsaycd chemically.
' The results of the mincrnlogical and chewical analyses

nre given in Tables 8 ond 9 respectively.

CONPFPIDENTTIAL,



e

2

CONFIDENTIAL,

-Q-

TABLE 8,

Mineralogical Compositicn of Final Products,

Components

- Product Numbers,

Percent Weight,

17. ) 18. 22. 23. 2L|.. 3“-. uo.
_ Hoematite. 0.2 - 3.0 9.1 61,5 57.3 2.1
Limonite. 0,2 - 1,2 tr. 8.5 17.9 0.9
Magnetite., 0.2 - 0.8  tr. 2.2 1,1  tr,
Total Rutile, (tr.) (0.9) (3.8) (10.1) (3.9) (2.9) (89.7)
Non-opagque. Ctr. 9,0 1.0 5.2 1,0 - 79.8
Ferruginous, - - 2.6 4.9 2.9 2.9 9.9
Zircon, tr, 86.4 - 12.3 1.1 - 2.6
Monazite, tr, 3.9 - 25.2 2,2 - -
Miscellaneous
Heavy Silicate 9.3 0.7 78.2 h2.2 17.5 13,5 L.,7
Quartz, felspar. 90,1 - - - - 0.7 -
100,0 100.0 100.0 '100.0 100.0
TABLE 9,
Chemical dAnalyses of Valuable Concentratc
PI‘DductS.
Total
Product. Ti0,  Zr0, Rare .§§Q§“ "
Poréent.Perbent. tC cént Barths crecnt,
Percent.
18-Zircan conc. 7.5 60, 4 ‘N.D, N.D. . D.
23-Monazite " N.D. N. D. M. D. 11.7 0.95
hO—Rutile " 86.2 247 o5 N.D, N, D,

N. Do

denofes - not determined,

The estimoted recoveries of rutile, zircon and monazite

ziven below are based on the pcrccntofc welﬁht and the llncr“lO“— _

ical anﬁlyele of each of the three vqlu .ble concentrate productv

@hﬁwn in Tablcs 7 and 8 PCQPCCtIVCly>
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" Rutile:

The rutile coucentrate represcnted'dd5l percent
weight of the original spiral feéd and cnntéined‘89.7 percent
total rutile, However, sincc the iron chatont f Perruginous
rutile mokes it unsaleable, only the non-opaque rutile is of any
value. The rutile recovery is thercfore based snly on the
recovery of non-opadue rutile. Thercfore thc grade of the
rutilé concentrate should bc considered as 79.8 percent and not
89.7”percent. The prescnce of thie ferruginous matcrial would
seriouslj.affect the market valuc of the concentrate.

Using the lower figure in conjunction with the noa-
Opaqde rutile content of the spiral feed, the recoﬁery 5f non-

opaque rutile is 45 percent.

Zircons

The zircox concentrate represented 0,61 percent weight

of the original spiral feed and contai ned 86.4 percent 21rcon,

>, equlvalent to a recovery of 38 percent of the 21rcon in the

original feed,

Monazite:

Of the original spiral fecd 0.33 percent weight was
recovered as a monazite concentrate containing 25.2 percent
monazite. This represcented a recovéry of 60 percent of the
monazite present in the original spiral feéd.

The monazite concentrate contained a largc proportion

of othcr minerals, mainly zircon and garnct, Since garncet is

weakly magnetic a portion of this monazite concentratec was

put through o disc pick-up type magnctic separator, It was found

'thnt 60 percent weightbof the 1nitial concentrate could be-

rejected as n magnetic fraction containing only 5 percent of

the monazite in the initial mwonnzite concentrate. Thus monazite

bhe¢haves as a non-magnetic mineral when subjected to low intensity

magnetic separation,

CONPFI DENTIAL
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"Mineralogical Results of Up=grading Inithl Monqzite
Concentrate, .

Fraction. ' Magnetici" . Non-Magnetic,

Percent Weight of
Spiral Feed. . 0.20 O0.13

Percent Wéight of: -

Monazite. 2.1 60. 2_pefzcnt L0203
Zircon, 0.7 26.5= 19 " Zro,
Rutile. 4.0 7.0
Garnet,. 60,5 1,2
Haematite, 2745
Ilmenite. 3.3 L.l
Magnetite, llmonite. 1.4
Miscellanecous Heavy :

Silicate, 0.5 1,0

100,0 : 100,0 -

The non-magnetic fraction was annlysed and gave the

values listed below:

Total Rare Earths, _ 31l.4 percent,
ThO, 2.8
ZP02 30.8 "
Ti05 - 8.2 "

It is apparent that clean monazitc w1ll contnin approx-
imotely u 7 pcrcont ThO2 and 52,3 perccent rarc earths

Durlng the tests the sceparation of the various mincfals
was déterminqd by grain counts. Howcver duc to the small
gamplc norwmally uscd in microecopic work nand the inhercnt
difficultics of obtaining a2 representative sample o»f such small
sizec, this method was uscd for compnrison only. All final products

were assayed using chemical methods,

7. DISCUSSION OF RESULTS.

7.1 Initial Gravity Concentration,

Flowshect 1 indicates the treatment method adopted for
thie initial concentration step. "It was fdund necessory to

retreat various fractions in order to achieve a high rccovery

CONFIDENTTIALL,
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of valuable heavy’minerals in the final conceﬁtrqte. In plant

’practice where the continuous recycling of middling proauots

is employed, 1t would not be necessary to adopt the samec
number of concentration stages,
The results in Table 6 ghow that good rccoverics of

the valuable heavy minerals were obtained in the concentrate

fraction. As the loss of these minerals in the middling

fraction is low, further work was based on the concentrate
fraction alone, the middling fraction being considcrcd as a

tailing,

7.2 Production of Valuable Mincral Concontratce.

The method adopted (Flowshect 2) was bascd on the
theoretical bcha#iqur of tﬁe'minéral constituonts.of the
original,sand when subjected to electrostatic, ndgnetic ana
gravity forms of concentration,

The cxpected mineral distribution is shown in Floﬂsheet
3., This flowsheet indicates that it should bo possible.fo
produce clean monazite and zircon concentrates. It was anticip-
ated that, due to the presence of non-magnctic limonite and
haematite, the rutile concentrate.would bc Qontaminated b&.these
iron okide'mineralso

The resulte in Table & show that it was not possible to

produce market grade products.

The wonazite concodtfate was contaminated to a large
degree with zircon and other heavy silicatces, wainly garnct.
From an cxamination of Flowsﬁcet 2 it appcars that any zircon
recporting in the monazite concentrate must be fecbly magnefic.
Subsequent treatmént'of the initicl monazife concentrate (sce
Table 10) indicated that most of the garnet and iron oxide |
minofals could be.removéd byllow intensity magnctic segparation,
Unfortunatcly the monazite and zircon in the initicl sonazite
concentrate appear to possess similar magnetic susceptibilitiecs.

The rutile concentratec contained amﬁunts of iron oxide

minerals, ferruginoue rutile and hoavy =ilicates. Although this

"CONFIDENTIALAL
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conccntrate could probably be upvrgded in TiO2 contcnt by further
hy51cal or chemical methods, the recovery of non-op 'que rutile
in th1° cancentratc (Praduct 4o) is only L5 perCQnt, which is
too low to warrant.further treatment.

For similar rcasons éttempts to remove the»cgntaminating
rutile from the zircon concentrate are-not coﬁsidered warrahtéd.
From experience gained.during this invéstigation such a separation
would be very difficult,

It was shown in Section 6,2 that equilibrium conditions
were not reached but it is reasonable to assumes that at

equilibrium the percentage weight of each of the final products

- would be increased proportionately without any change in

mineralogical composition., For the thrce concentrate products

this would mean an increase in percentage weight and recovery

as shown in Table 11,

TABLE 11.

Estimnted Percentage Weights and Recoverics at
Equilibrium Conditions,

- . Expocted
Attained, P .
Product at Equlllbrlum .
(Flowsheet 2). Percent ®pcrcent Percent iPercerﬁ;
Weight. Recovery., Weight, Recovery,
17 : 3.53 3495
18(Zircon conc), 0,61 38 0.69 L3
22 7.70 8.65
23(Monazite conc). 0.33 60 0637 . 67
2L ' 0.22 0.25
34 4.37 ho91
4JO(Rutile conc.) 0.51 L5 0.57 - 51
: Grhvity concs 17.27 19.40

% Recoveries are based on the amount of pure mineral
in thc concentrates as o percentage of the minerals
in the feed to the frav1ty ancontrﬂtlan gcction,

CONFIDENTTIAL
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8, OBSERVATIONS and CONCLUSIONS.

"It was found'impossible to achieve clean,ﬁihﬁfal
separations, Jdue to overlapping of Specific‘gravity, magnotic'aﬁd
electrostatic characteristics of the constituent wminercls in the
origihal sand, |

If it werc feasible to upgrade the Pinal products to
meet market speccifications without lowering‘the recovery, the
values of the concentrqtcs per ton of original sand would be

ag follows:

S. d.

Monazite (At £150 per ton of conec, 2 10
Rutile At £65 per ton of conc. 5 11
Zircon At £17 per .ton of conc. 2 O
TOTAL, 10 S.

The abovc values are based on the-cstimated'recoveries
under equilibrium conditions (Table 11) but it should be realised
that the prices used are those current at the time of Writihg
and arc liablc to vary at short notice, |

The returas to be expected from the tréatmept of the
dune sands are, at the»moment, not sufficient to wake the deposit
attractive for commercial operation.

However, there nre ‘scveral means by which the cconomic
position might be. improved.

| The chemical cleabing of particle; prisr to separation,
the applicaticn of flotation and more careful control of
temperature Jduring electrostatic separation are three aspects
worthy of further investigation, Aléo the‘gradé of the naw
material could be increased bj incluéion of  higher grade.
material from the beach. |

',The\monazite is an important constituent Qf the sand

and its probable future importance as o stratezic minefal would

appear 5 juetify further work to ensurc that recovery methods

CONPIDLBENTTI AL,
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would be availabie at short noticé.“ Moreover, the fact that
the large deposeit is a torderlianc case in'itselg’juspifies
further work. | |

There are similar_but smallor denosites adjacent and

in other parts of the State. Mcthods used f£or this denosit

could probably bec adapted for the adjocent mnterial,

CONFIDEDNTTIAL L.
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. l. ALPPENDICES.

(1) Flowsheet No.l

Initial Gravity Concentration,

(2) Flowshcet No. 2.

-noted,

(a)

(b)

(c)
(a)

(e)

(£)
(&)

(n)

»Separation;

Production of Valuable Mincral Conccntrates.

In this flowsheet the following pointe should be

A1l percentage weights refer to the weight of any
product as a percentage of the fecd to. the initial

gravity concentrdtion stage.

"H.T." Separation denotecs High Tension Electrostatic

Separaticn,

"N/C" denstes Non-conductor,

"C" denotes Conductor,

"I.R." Maz. Scp" denttes Incduced Roll Mognetic

"/M" denotes Non-wagnetic,
"M" denotes Magnetic.

The -"C", """, and Mot immediately following Wilfley

- Table denotes Concentrate, Midcling ané Tailing

respectively.

(3) Flowsheet No, 3

Mineralogical Fiowshoet.

The abbreviatiosns quoted for Flowshecet No,.2 apnly

to this flowshect.

CONFIDENTIAL.
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VY SANDS INVESTIGATIONS FLOWSHEET No-1,
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