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- AUSTRALASTIAN OIL EXPLORATION LIMITLED.
MOANA BEACH SAND.

FIRST REPORT.,

by -
1.3, Ketteridge.
L.Jj. Weir,
~Abstract-

Resulte of experimental work carried out
on a sample of mineral bearing sand from
Moana are presented in this report. Market
grade concentrates were not produced.
Posgible treatment methods of producing

saleable products are outlined and further
experimental work is recommended.

l. Summarye.

Results of beneficiation tests conducted on a sample
of heavy—mineral bearing sand from Moana are preseated in this
report. Test work included-gravify concentration, magnetic
separation, and electrostatic separation.

. ~ Results show that O.6 per cent weight of the ore sample
éonéists of recoverable rutile and 0.9 per cent of recoverable
zircon. Both the rutile concentrate and the zircon concentrate
produced in'the test were slightly below market grade.

Tﬁe rutile Qoncentrafe of 93.9 per cent TiO2 contains
as'éiluent 2.7 per cent of ferric oxide, present as limonite.

A recommendation is made that further experimental work be
conducted to determine a.method Qf'removing this limonite.
Possibie methods of separation are outlined.

The zircon concentrate of 65.8 per cent Zr0, contains
excessive amounts of rutile and ferric oxide. ” Pogsible methods
of reducing the rutile and ferric oxide contents are described
and further ererimental work is recommended.

A monazite concentrate was also separated. IHowever,

the thoria content Qf'h.B per cent ThO2 is comparatively low.
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2. Introduction.

A request was made by Australasian 0il Exploration
iimited,'acting on behalf of Adelaide Development Company
Limited and Wakefiecld Land Company Pty Ltd., that an investigation
be made into the treatment of a heavy-mineral bearing sand for
recovery of rutile. The sample submitted was taken from an
areca of dune gand contained in Mineral claims 2058, 2059 and

2061, in the vicinity of Moana Beach.

3, Material Examincd,

The samplc received consisted of 450 pounds weight of
sand containing approximately onc per cent rutile and oneé per cent

zircon. A spectrographic analysis of the sample is reported

‘in Table 1.
TABLE 1.

Spectrographic Analysis of Head Sample.
Major (10-100 per cent approximately). Si, Fe.
Minor (1-10 " i " ). Al, Ca, Mg, Ti.
Heavy Trace (0.1-1 " " ). Mo, B, Zr.
Trace (0.,01-0.1 i " ) Cu, Na, Pb, Sr,
Faint Trace (10-100 parts per million) V, Ni, Cr, Ba, K.
Very Faint Trace (1-10 * i " ) Ag, Li.

Not deteccted:
Zn, Sn, Be, Bi, In, Ge, W, Ga, Mo, Co,
Sb, Cd, Hg, Au, Pt, Ir, U, Th, Re, Ta,
Ru, Nb, Cs, Rb, rare earths..

The results of a screcn analysis with mineralogical

examination of the screcn fractions are shown in Table 2.

INDUSTRIAL4CONFIDENTIAL.
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TABLE 2,

Sereen Analysis of Head Sample with Petfological Examination,

G

"TVIINEATANOD TVIYILSAANI

%‘;g‘gl“ea Plus L8 . Minue L8 Minus 65 Minus 100 Minus 150 Minus 200
(Calculated) Mesh Tyler, Plus 65, Plus 100, Plus 150, Plus 200. Mesh Tyler,
Percent VWeight of : :
Head Sample: : 100.0 15 oL.5 20.9 9.1 2.5 1.5
Percent VWeight of: :
Zircon. 0.9 trace trace 0.7 2.8 1C.8 17.4
Rutile. 0.9 trace : trace 1.2 2,7 9,6 12.9
Ilmenite. 1.0 trace trace 1.1 3.8 10.9 12,2
Limonite, Hematite etc. 11.0 -+ 6.0 8.0 10.6 26.4 26.4 34,8
Garnet. 5.8 trace 3.1 8.4 14.5 20,3 11.9
Quartz, Feldspar etc, 70.7 89,2 79.3 65.8 L2.9 14.6 7.5
Calcareous Matter., 6.9 4.8 7.4 7.5 L1 2,0 2,0
Staurolite. 0.6 trace 0.5 1.0 1.0 0,6 trace
Tourmaline. 0.2 trace trace 0.9 0.5 0.6 trace
Sillimamite. ‘1.5 trace 1.3 2.8 - 0.8 0.9 trace
Monazite. : 0.1 - - - trace 1.9 1.3
zMiscellaneous Silicates. O.h4 - Oulh - 0.5 1.2 -
100.0 100,0 ' 100.,0 100.0 100.0 100.0 100.0

) .
0 ac

(€]

% Miscellancous silicates include trace amounts of unimportant minerals su
epidote, kyanite, hornblende, sphene etc,
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L. Ecuipment.

Initial gravity concentration was carried out on
a laboratory size Wilfley table, Primary magnetic separation
was conducted in a laboratory scale single disc Stearns magnetic
separator,Aand electrostatic separation was conducted:in a
laboratory scale eclectrostatic éeparator eguipped Witﬁ a
fine wire discharge electrode. The Wililey table was élso
used for gravity concentration of the electrostatic separation
zircon'producf. Subsequent magnetic separation of the
heavy mineral concentrate was conducted in a Franz isodynamic

separator,

5. Bxperimental Procedure.

The sample was first screéned on 20 mcsh and the
oversize comprising leéss than 0.1 per-ceht Weight and
consisting almost entirely of trash, was rejected. Subsequent

treatment of the sample is shown as a flowsheet in Figure 1.

FIGURE 1.

Treatment of Ore Sample.

Ore Sample.

Wilfley Table
| .
Concen'trate - Middling Tailing.

Stearns Magnetic Sc¢parator.

- o .....-,,|...._._. [ e _l R SRR ‘ - - - \

Firsg First Second Second Noh4~

Magnetic.,. Middling. Middling. Magnctic. Magnetic.

Electrostatic Scparator.
| ”““““m”"”Rgggig Product
Zl;;gg;g%artz Middling (Final Rutile Conc. ).
Wilflﬁy Table.
Concentrate | Tailing '(Quartz).
Franz Isodynﬁmic Scparator.
- e ey
Maznetic Concentrate. Non-Magnetics.
Monazite). (Zircon Concentrate).
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The initial gravity concentration of the orc sample on
a laboratory size Wilfley table was conducted under the
conditions shown in Table 3. ' Three products, a concentrate,
a middliag, ahd a tailing werc made in the first pass, and the
‘middling was then repassed under thce same 6perating conditions
to reduce the amount in the final middling. The two
concentratce werc then mixed and also the two tailings, to
give with the middling three final products., No alternative
mcthods of gravity concentrétion were examined;

~

TABLE 3.

Wilfley Table Operating Conditions.

Feed rate, 75 1b. dry solids pcr hour.

Ratc of water addition. 150 gallons per hour.
Length of stroke, ~ %+ inch.
Frequency of stroke. 300 per minute.

Magnetic separation was conducted in a laboratory
scale single disc Stearns magnctic separator under the
conditions shown in Table L, The middling from the first pass
werc repaéséd.twice to rcduce the amount of the final middling
product, and the hon-mégnetic products combined and repasescd
twice for cleaning. Separation was not attemptcd with any ofher.

type of magnctic separator.

TABLE L.

Stearns Magnetic Scparator - Operatinzg Conditions.

Fced ratc, = : 1.6 1bs. in. per hour.
Belt spccd. LO ft. per min.
Peripheral Disc speed. ‘ 80 ft per min,.

Height of Disc leading edge, .3/32 inches.

Height of Disc trailing edge. 1/16 ins.

Rougher Passegs conducted at - 1.0 amps,

Cleaner Passes

conducted at - 1.3 amps,.

Electrostatic scparation was conducted in a laboratory

scale electrostatic separator equippcd with a five inch diamcter

.INDUSTRIAL COMPIDENTIAL,
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rotating roll, a fine wire high tension discharge elec%rode and
a 2.5 inch diameter high tension roll electrode. The glcétrode
arrangement is shown in Appendix nAT, |

Feed to the electrostatic éeparator wag preheated to a
tempofature of BOOOF. In the rougher stage zircon - éuartz, midd~A
ling and rutile products were made, The widdling was repassed
several times and the rutilc product giVen'a cleaning stagc. The
various products were combined to make three final producte. The
conditione under which the separation was conducted were varicd
slightly ian the course of opcration, but typical conditions arec

ghown in Table 5.

TABLE 5.

--Blcctrostatic Scparation.

Feed rate. 2.5 1b. per in. per hr,
Fecd temperature. 300°F,
Rotating roll speecd. . 100 r.p.m.
Polarity, o Rotating roll carthed.
High tension electrode negative.
Potential. 35 kV.

The second stage of gravity concentration, i.ec. treatment
- of the electrostatic zircon-qﬁartz product, was carricd out on the
Wilfley table. As the sepafation was carricd out with less than
. one pound of feed material, opcratinﬁ conditions were not rccorded.
The heavy mineral conccatrate so produced was magnefically
separeted with a Franz Isodynamic separator. The separator wés
opcrated with a slope .of 20 éegrees and tilt of 15 degrecs. The
first magnetic concentrate was produccd with a current consumption
of 0.5 émps. The non-magnetic fraction was repéssed with.the
current'increased tb 0.75 amps to produce a sccond negnetic

concentrate and a final non-magnetic product,

6. Results. .
Petrological examinations of.the Wilfley table products

are reported in Table 6.

INDUSTRIAL CONFIDENTIAL.
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TABLE 6.

Wilfley Table Concentration.

Petrological Examination.

100.0

Concentrate, Middling. Tailing.
Percent Weight of :
Head Sample: 12,5 Leb 82.9
Percent Weight of:

" Zircon., 11,2 trace -
Rutilec, 8.0 2.2 -
Ilmenite, 743 362 -
Limonite, Hematite etc. 3L.4 3347 6.1
Garnct. 4L 17.9 1.2
Quartz, Fecldspar ctc. 2.1 29,6 8L.7
Calcareous Matter, trace 2.3 6.1
Tourmaline, trace 3l trace
Sillimanite, 0.6 5.5 1.3
Monazite, 0.9 - -
Miscellancous Silicates, trace tracec 0.6

100.0 100,0

The results of magnetic separation of the Wilfley table

TLBLE 7.

 concentratc as réported by the petrologist are présented in

Magnetic Separation of Table Concentrate,

Pectrological Examination.

- Pirst First Second Second Non

Magnetic Migd- Midd- Magnetic Magnetic.

Product, ling. ling. Product, Product.
Percent Weight of 29.2 3¢5 7.8 38,8 20.7
Table Concentrate.

Pcrcent Weight of:

- Zircon, - - trace trace 39.5
Rutile, trace trace " i 24,0
Ilmenites 9,8 13.4 - i trace
Limonite etc, 6.9 10,0 32,1 144 11.4
Hematitc etc, 8l.5 Ly.8 1.4 - -

“Magnetite. - - - - -
Garnct. 1.8 31.8 L4o.1 85.6 1.9
Quartz-Feldspar etc., trace trace trace trace 7.8
Calcarcous Matter. " i t it O.Z
Staurolitc. - n 12.5 " L,
Tourmaline, 1.5 2.3
Sillimanite. s 2,6
Monazite. 1.0 " Le2
Miscellaneous Silicates. 2.4 " 1.0

100,0 100.0 100,0 100.0 100,0

-INDUSTRIAL CONPIDENTIAL.
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Results of the petrological examination of the
products from electrostatic separation of the non-magnetic fraction

are reported in Table 8.,

TABLE 8.

Blectrostatic Separation of Non-Magnetic Fraction.
Petrological Examination.

Zircon-Quartz . . Rutile
. Product. Middling. Product.
Percent Wweight of
Non-Maganetic Fraction. , 63.2 10.5 26.3
Percent Weight of:
Zircon. 65.5 3.3 1.6
Rutile, 1.3 L0.9 92,2
Limonite. 0.9 6.5 5.9
Hematite. - - trace
Magnetite. - - - -
Garnet. - trace -trace
Quartz Feldspar etc, 10.1 3.7 0.3
Calcareous Matter, 0.3 0.3 -
Staurolite. 6.4 1.7 -
Tourmaline., 2.7 trace trace
Sillimanitec. 3.1 trace -
Monazite. ~ 8.3 3.6 trace
Miscellaneousg Silicates. 1.4 trace trace
100,0 -100,.0 100.0

For comparison with the results of petrological examination,
the results of chemical analysies for titanium dioxide content of

the various products are presented in Tables 9 to 11,

TABLE 9.

Wilfley Table Concentratioh.
Chemical Analygis for TiO2.

' Percent
Fraction. %e?cggt ' gggcent Distribution
eight. i 2 __TiO, N
Table concentrate 12,5 13.5 85.7
Table middling. : L.6 L.5 10.5
Table tailing. A 82.9 0,09 349
FEED | 100.0 1.9 (calc.)  100.0

—

. INDUSTRIAL CONFIDENTIAL.
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 TABLE 10,

Magnetic Separation = Chemical Analysis for TiOQ.

] . Percent | Percent . ?ercgnt
Fraction. Weight. 710 Dlstrlbgtlon.
2 T102
First Magnetic. 29,2 15,3 32.5
First Middling.- 3¢5 4.1 3.6
Second Middling. 7.8 10.4 509
Second Magnetic, 38.8 4.9 13,8
Non-Magnetic, 20,7 29,5 Ll,.2
FEED . 100,0 13.7 (Calc.) 100,0

TABLE 11.

Electrostatic Separation - Chemical Analysis for TiOp

Percent
3 Percent Percent s odewrd :
Fraction. Weight. T10 letr;butlon
2 T102
Rutile Product. 26.3 93.9 : 83.8
Middling. 10.5 38,6 13.7
Zircon-Quartz Product, 63,2 1.1 2.5
FEED 100.0 29,5 (calec.) 100.,0

Table 12 shows the percent weight of the whole ore
recovered in the various electrostatic separation products,
together with the titanium contecnt and percent weight of

recoverable rutile in the whole ore.

TABLE 12,

Electrostatic Separation — Rutilec Distribution.

. Percent " Percent Percent
Fraction. , Weight of T102 by of Weight
Original Chedical Recoverablc
fecd, Analyesis., T102 in feed.

Rutile Product. 0.68 93,9 0.63
Middling. g 0.27 . 38.6 0.10
Zircon-quartz product, 1.63 1.1 0,02
2.58 | 0.75

Table 13 shows the results of chemical analysis of the

clectrostatic separation products for zirconium dioxide.

INDUSTRIAL CONFIDENTIAL.
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‘TABLE 13;

Electrostatic Separation — Chemical inalysis for Zr0,

v : _ Percent
Fraction. %gicﬁzt _ gggcont Distribution
ghte 2 Zr0o
Rutile Product. 26.3 0.20 0.2
Middlinge. 10.5 27. 4 10.8
Zircon-quartz product. 63.2 374 89.0
FEED ‘ 100,0 26,6 (calc, )100,0

Table 1l shows the percent weight of the whole ore
recovered in the various clectrostatic separation products,
together with the zirconia content and percent weight of recover-
able zirconia in the wholc ore,

TABLE 1L,

Blectrostatic Senaration - Distribution of Zirconia.

: . ?ercent Percent
Fraction. %Zﬁg;gt Zro, by Weight of
' - ‘of Food Cheémical Recoverable
° oG hnalysis, Zro, in feed,
Rutile Product. | 0,68 0.20 -
Middling. 0.27 27.4h , 0.07
Zircon=-quartz product, = 1.63 37.4 - 0.62
2.58 0.69

The zircon~-quartz product from electrostatic scparation.
was rcpassed over the Wilfley tablc to separate thc quartz and low

gpecific gravity silicates from thc zircon.

TABLE 15,

Gravity Concentration of Zircon Quartz Product.

Fraction., Percent VWeight,
Table Concentrate, L7.5
Table Tailing. 52.5
100,0

The results of magnetic separation of this table conccn-

tratec in a Fronz Isodynamic separator arc shown in Table 16.

INDUSTRIAL CONFIDENTIAL.
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TABLE 16,

Magnetic Scparation of Table Concentrate.

. First Magnetic Monazite Zircon
Fraction. Product. Product, Product,
Percent Weight of :
Table Concentrate, 2.1 11.5 86.4
Percent Weight of:
Zircon. : - - 99.5
Non Opaque Rutile. - - 0.5
Opaque Mincrals. . 35.2 0.9 trace
Garnct, : 35.6 - "
Quartz Pcldspar etc. - - "
Calcarcous Matter, trace trace "
Staurolitc, 29.2 trace -
Tourmaline, . trace 1.7 trace
Sillimanite. - - i
Monazite. trace 95.9 i
Apatite, - - i
Spinel " trace 1.5 -
100,0 100.0 100,0

Chemical analyscs of the three final products arc shown
in Tables 17 to 19.
TABLE 17.

Chemical Analysis of Rutile Product.

e i ——

Titanium Dioxide, (T10,) A 93.9 percent.,

‘Ferric Oxide, (Fezoj) 2,70 " n

Ferrous Oxide, _ (Fe0) , 0.26 " ¢

Zirconium Oxide, (Zr02) 0.20 W W

Vanadium Oxide. (V205) ' O.u5. woon

Chromium Oxide, . (Cr203) 0,12 “ "
TLBLE 18,

Chemical Analyeig of Zircon Product.

Zirconium Oxide, (z2rog) 65.8 percent.
Titanium Dioxide. (T10,) 0.54 * ©
Ferric Oxidec., (Fe203) . 0.36 % ®

INDUSTRIAL CONFIDLNTIAL.
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TABLE 19.

Chemical Analysis of Monazite Product.

Total Rare Earth Oxides 59.3 percent.
Thoria (ThOp) . L.3 o

7. Discussion.

Results of Wilfley table conccntration show that, with
the samplc tested, about 12 per ccnt of the feed ore is recovered
as a heavy mineral concentrate, .

Aftgr magnetic separation about 20 per cent of this heavy
- mineral conccntrate remains in the non magnctic fraction. The
magnetic products ilmenite, hematite, and garnct have small market
valuec,
| Electrostatic separation'produccd a rutile¢ concentrate
compricing about 25 per cent weight of the non magnctic fraction.
However, this product is not up to top market specifications as
chemical ‘analysis showed that although the titanium dioxide content
is 93.9 per cent, the ferric oxide content is 2.7 per cent. Further
work is recommended with the object of reducing the iron oxide
content of this conceantrate.

Metinods suggested for ihvestigation afe ag follows:

1. Opcrating the gravity separatioﬁ stage to include
most of the limdnite band in the tailing. This would
reduce the amount of quartz and siliéatcs in the hecavy
mineral conccentrate but would rcsult in some loss of rutile,
2 Operating the nngnetic separation stage at higher
magnetic intcnsity to detcrmine whether a grcater
pfoportion of the limonite can be removed with the magnetic
products., This would probably have the c¢ffect of removing -
more of the garnet from the non magnetic fraction but
could poegsibly result in some loegs of monaziitc and feebly
magnctic rutile,
3 Roastiné the heavy mineral concentrate in 2 rgducing
atmosphere prior to magnetic separation in an attempt to

convert the iron bearing minerals to a morc magnetic form.

INDUSTRIAL CONFIDENT .
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Chemical adalysis Shows that thc electrostatic separation
zircon-quartz product contains about 56 per cent zircon and about
one per cent rutilc. Petrological examinntion indicates.that
the monazite contept ie about 8.3 pér cent, the remainder being
quartz and silicates,

Gravity seporation using a labpratory éize Wilfley table
wag carried out on this product, but as lcss than one pound .of
materialw as availablc for testing, no attempt was made to
recofd operating conditions‘or to detcruine the per cent recovery
of heavy minerals in the concentrate,

Magnetic separation of this doncentrate was conducted in
two stages. Firstly a product containing garnet, staurolitc, and
opaque mincrals was separated at low magnetic intensity., A
monazite concentrate was then separated at high magnetic intensity,
The thoria conﬁent of the monnziterconcentrate ig 4.3 per cent while
the total rare carth oxide content is 59.3 per cent.

The rémaining non magnétic_conbentrate containg 65.8 per
Qent zirconium oxide, which is elightly higher than the usual market
specifications. However, thc titanium oxide content (0.5 per cent)
and ferric oxide content (0.4 per cent) are high.

Further test work is recommended with the object of
producing a markétable zircon product., It is suggested that
clectrostatic scparation be conducted with an additional cleaning
stngé for the zircon-quartz product to reducc the rutile contont.
If the methods suggested for investigation to reduce the ferric
oxide content of the rutile concentratc prove successful, the
ferric oxide content of the zircon product should zlso be
rcducced, A

It should be pointed out that mincralogical compogition
"of the various fractions‘produced in the treatment of the ore can
be detcrmined only approximately by putrological cxamination.

For this reason Teobles 12 and 14 bosed oan chemical analyscs, have
becen included., These tablés ghow approximately 0.6 per cent
weight of the original beach sand isg recoverabic rutile and a

gimilar weight is recoverablce zircon. This is eguivalent to about

INDUSTRIAL CONFIDENTIAL.
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0.9 per cent weight of the feed rccoverable as zircon. In addition

dbout 0.1 per ceqt weight of the feed consists of recoverable
monazito.

It is poseible that the treatmént methods. recomncnded
for inveestigation with the objcct of improving the grade of the
final products would result in some loss of the valuable minerals,
It ie not expected that these losses will be greaﬁ and it is |
recommended that these-investigations be carricd out to determine the
rcecovery which can bc expected when market grade céncontrate are

produced.

INDUSTRIAL CONFIDENTIAL.
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