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EXTRACTION OF RUTILE FROM LEACH RESIDUES
OF RADIUM HILI. CONCENTRATE.

-Abstract-

The residue obtained frow leaching Radium
Hill flotation concentrates contains rutile,
haematite, ilmenite, silicates, and hydrolysed
titania.  Simple size classification followed
by magnetic separation and flotation produced
prodicts containing 50 and 70 percent TiO, and
representing overall TiOo récoveries of 1& and
L percent respectively. The cost of a plant to
produce these products is. shown. ’

l. SUMMARY.

The uranium content of the flotation concentrates from
Radium Hill is leached with sulrhuric acid. The leached residue,

which constitutes over 90 percent by weight of the original

flotation concentrate, contains rutilc, ilmenite, hacmatite,

silicates, sulphides and pydrolyéed titaﬁia. The total TiO2 content
is 48.5 percént. This rcport describes cxperimental work aimcd
at récovoring the rutile nand ilwmenitc from the rosiduc.

The granular fraction of the rosidue WRE sepnratod by
arsimplo gizc classification treatment involving o spiranl classifier
and o hydraulic cyclonc, the rcject from this treatwent containing
most of the fine slimc and hydrolyscd titania, |

A conéentrate.containing 91,5 percent T102 woe produced
from the classifier sand fraction by magnctic geparation followed
by flotation, with a recovery of only 9.4 pcrcent of thelTiO2
in the residuec. | ‘

Magnetic sepafation of the clasegifier gand, followcd
by flotatién of the combincd non-magnetics from the clngeificr
gsand together with granular cyclone frabtions proqucod é
concentratc containing 70.2 percent T102 and reprcsenting d

recovery of L4l4.3 pcrcent o f the TiO2 contcnt of thce leach residuc,

A magnctic fraction containing 51.4 pofccnt T102 ond representing

a T102 recovery of 144 percent was produced as.aAby—product.
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The cost of a plant to produce these producte is
estimated to be approximately £160,000, including a six month
working capital allowance of £45,000. The opcrating cost is
calculated to be £4.10.0. per ton of fccd 5r approximately
£15 por ton of rutile product.  This assuwmes the "ilmonite"
product”to be unsaleable. ’

.

2, INTRODUGTION.

The residue fromlleaching Radium Hill uranium concentrates
contains up to 50 percent titaniuwm dioxidc which ié'equivalent
tﬁ ilmenite in TiO2 content. It cannot be used for the usual
pgiment manufacture by solution in sulphuric acid, since it
consiste mainly of rutile finely intergrown with haematite. The
material also contnins somé ilmenite, siliceous.minorals and
fincly divided titania precipitatced during leaching.

Attempts to Qcpﬂrate & rutile rich fraction arc descéribed

in this recport.

3, MATERIAL EXAMINED.

-The work was cdrried 2ut on approximatoly 15 toné of
résidues from the lecaching of Radiuw Hill concentrates on o pilot
plant scalc. This material has been designatcd "Chemical Plant
Regidue", |

The material containcd L8,5 pcrcent Tioa.' Mincralogical
examination was confined to the granulor fra ctlon after
classificntion, as the original matcrial contained a large amount
.of slimcs The wineralogical composition of the classificr sands
fractione and the 3 inch hydrﬁulic cyclonc underflow f ractions

were gimilar, being reported as followss

Rutile ) 60,2 percent weight,
Daviditec (skclotal) 5¢l4 v e
Hoematite. 15.3 " u
Ilmenite. 6e8 " "
Sulphldos (Pyrlto) 1.0 " "
Silicates - 11,3 " M
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4, EQUIPMENT USED..

(a) 12 inch spiral classificr,
(b) 3 inch diar. 12° hydraulid cycloncs
(c) 1.2 inch diam.AZOO hydraulic microcyclone,

(a) Laboratory induccd roll type magnctic
separator, . .

(c) Laboratory bdtch Pagcrpren flotation celle.

(£) Ancillery putping ond wixing cquipment.

5, EXPERIMETN/AL PROCEDURE and RESULTS.

5.1 Laboratory Tcst Work.

The cssential detaile and final conclusione of each
phasc of testing are szhowny in the following sube-scctionse

' 5,1,1 Size classification.- | -

Owing to the large amount of slime wmaterial in the -

lcached residue, an initial sizc claseification was carricd out

in the following mannels

The rcsiduc was fed ag a pulp to a spiral clasgificer
frow which a sand fraction was obtoined, The clagegificr overflow

wag then pumped through a thrce inch hydraulic cyckonec to produce

‘an underflow product and overflow watcrial which was pumped

through 2 le.2 inch hydraulic wicrocyclonc to producd underflow
and overflow products,

The weight percentagc, TiO2 content and percentage

distribution of Ti0, for cach of the four final fraction are

shown 'in Tablec 1.
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TABLE 1. y

Details of Products of Size Classifications

: PO Percent .
Pcrcent - T1i0 R s kot .

Proquct. Weighte - Pcrgent. D%utilbUFlon

: _ A Ti0, .
Classifier sande = 20.6 58,0 | 2u;Z
3" cyclone U/F, 3848 5566 Ll
Mlcrocyclone U/F, - 1hel 38,8 11,3

o/F. 26,5 3505 19.4

FEED, ' 100,40 | 48.5 10040

Although_fiﬁe in éize the first two fractions consisted
mhinly of granular matcrial,whcrods the wicrocyclone fractions
Werc com@risod_of slime matériﬁl with most of the titonium
bomfr prcsent as hydrolyscd ‘titanic,
A1l further work therefore was centrcd around rCCOVCrY
of titanium.oxidc from the clasgesificr sand and throg inch cyclone

underflow products,

5,1.2 Gravity Concentration.

Little success was achicved by cravity concentration
rothods, this being wainly due to the fact that therc is no
significant difforcnce in spocific gravity of the winerals

precsent,

F.le3 Magnetic Separation.

Dry magnctic scparation tcats were modc on the classificr
sand fraction using an induccd roll hl“h inteneity magnetic
Ocaqrﬂtor. chcral fri'mlq werc made to estqblish-the best
COUClthno for producing a clcan non=magnetic tqlllnr contﬂlnlng
the vutile, silicates and sulphides, frow which a rutile
conccntratc could be producced by flotation using ACC 825 in an
acid circuit,

Typical resulte obtaincd arc shown in Tablc 2.
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TABLE 2,

Magnetic Separation of Classifier Sand Product,.

Percent Weight _ Percent Distrib, Ti0p
= 7 0 Percent
Fractione ol mag- . ol orig. T10 o ’ i i
soRon netic.  C.P,R,B 2 of mag-  of orige,
feed. 1 s¥e T
- . _— _;_i_‘eedg;

‘Magneticse 66,0. 13.6 . 51,0 58,0 1L.3
 Non-Magnetics. 3440 7.0 7240 42,0 ~10.h4
FEED. . 100.0 20,6 58,0  100,0 ol 7

& C.P.R. signifies "Chemical Plant Residue",

Reducing roast tests were carried out on both the classifier
sand and cyclonc undefflow_products using Leigh Creck coal as the
reducing agent. The object of thesc teets was o scleetively
convert the hasmatite to the strongly magncetic state in order to

rcmove it by low intensity magnetic scparatione "The teste were

‘not successful as the reducing roast aleo increascd thc wmagnctic

suscoptibility of the ferruginous rutilc,

5.1.5‘0 Flotatio;;,

| Flotation tests werc carricd out on tho hon—magnofi§
fra¢tion of}fhc clacgificr sand product, described in scctionm
5.1.3. The procedurc congicted of firet floating the sulphidcs
with xanthaté and a ffother. Variéus reagcnts‘wore used in an

attempt to float the silicates but all the rcagents tested left

_the coarse gilica in thc non-floctced rutilc. Flooting the rutile

from deprcssed silicatcs was more cucceseful, The beet results

obtaincd are shown in Tablc 3.
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TA.BLE 30

Flotation of Classifier Sand Non-Magnetic
Fra¢tion. '

Percent Weight, Percent

PN ‘Percent Distribution TiO
Fraction. Flotation Original 70, - 2
Feed. C.P.R. Flotation Original
- : - Feed. CaPoRe
Rutile Conc. 71.0 540 - 91.5 90,0 9oLt
Sulphide Conc _
Tailing. 29.0 2,0 23.5 10.0 1.0
FEED. ) 100, 0 7.0 72.0  100.0 10.4

Flotation tests were also carried out on combined classifier
sand and cyclone underflow products, Typical rcsults using the

most suitable reagent combination arc given in Tdble L.

TABLE L.

Flotation of Combincd Clagsificr Sand and
. Cyclone U/F Products.

: - Percent
Fractions - Percent Weight. , Distribu?ion TioO
SR — Percent 2.
Flotation Originnl Ti0, Flotation Original
Feed. C.P.R. - Feeds C,P.R.
Concentrate. . 84,2 50,0 62.0 92,2 6369
Tnlling. 15c8 90“- 27i6 708 5-&
FEED. ) 100.0 59.4 ‘ 56.6 100,0 69.3

5.2 Selection of Flowsheet.

Based on the resulte obtnined in Section. 5.1 the following
flowsheet was drown up. The flowsheet assumce thnt o market can

be found for "ilmenitc" and "rutile" products contnining ~pproximately

50 percent and 70 perccent TiO2 reepectivelys
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Leach reegidue.
- : 120% Weight,
Spiral Classifier.
Lo o T
Claseifier Clasgifier
Sand : Overflow
| : _
) % 3" Hydraulic cyclone.
. | Undé;figﬁ Overflow
_ ! 38. 8% L0.6% Weight
i , Wieight. Rejecct,
|
Induced Roll E
Magnetic Scparator, ,
. !
Magnetice. ‘Non-magnetics. !
Z(Ilmcnite conc) . 7.0% Weight. |
13.6% Weight. | |

Mlotation
(Sulphide).

D e

| — - |
Concentrotc,. Tailing.
' 1

(o

Flotation

(Oxi?e).
| i ‘ i
Rc joct Tailing. Hutile Conc.
15.2% Vicight, 3046% Weight

#f'inal Products,

5¢3 Resulte of Flowsheect.

"5.3.1 Materinl Balance.

Table 5 shows a material balance, titaniuwm grades and

distributioneg for a parccl of residuc treoated in accordance with

the flowsheet.
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TLBLE 5,

Material Balance and Titanium Digtributione

: . _ Percent
. - Percent. Percent by b . :
Fraction. Weight. Ti0, g%gtrlbutlonc
2
Magnetic product. ‘ - 13,6 , 5l.4 1kl
Rutile Product, . T 3066 ‘ 70,1 Lhe3
Flotation Rejects, 15,2 3347 10.6
Cyclone O/F, LO.6 36,6 3047

FEED. 100,0 . 48,5 100,0

5+3.2 Details of Fipal rroducts.

Screen and chemical analyses of the rutile and ilwmenite
concentrates are given in Tablcs 6 and 7 respectively,
TABLE 6,

Serecen Analyscs of Rutile and Ilwmenite Concentratces.

Pcercent Weight,

Mesh (Tyler).

Rutile Concentratc Ilmcnite Concentrate,
+ 65. O.Ll- 2'2
- 65 + 100, - - _ 1.6 11,9
-100 + 150, ' Lo3 2Le5
=150 + 200, ' 6.1 2007
-200 + 325, 25.4 31.5
=325, 68,2 9.2
FEED., | 10040 10040
CTABLE 7.

Chepical Anclysces of Rutile and Ilmenite Conccntrates.

Percent.
Composition. '
Rutile Concentrate. Ilwcenite Concentratec,
Ti0, o ’ 70.1 5ol
FG O [ ] = N-o D. LI.5.L‘.
TJ%&% Fe, . 1607 N.D,
Cr, ' : ‘ 0,20 0.1l
Se ' 0,16 -NaD.
Al 0 / . . I 0075 .
Pbe O 0o03 | "
vro- ’ O.,LL5 "
- Zn . 0,10 "
Mgo O.OLI- : n
Ca. 0,08 "
U,0g o 1.6 .1b/ton, 1.2 1b/ton.
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N.D. dcnotes "notc determined.

6. .COST SSTIMATE.

_ A cost estimate has been prepérod for a plant opcrating
3 shifts a day, for 7 days a week, ond o throughput of 18,000
tons a yocar. | :

The capital cost of such a plant is estimated to be
approximntely £160,000. This cost includes a working capital
of £45,000 fo cover thc operating costs for =ix wmonths operation,
The opernting cost is'éalcuk;ted to bc £le10.0 por ton of foed
to the plant, or approximately £15 pcr ton of rutile concentrate,
any valuc »f the magﬁctic product being disrcgarded.

. The capitallcost‘does not include administration,
maintcnancép buildiqgs, or cqguipment rcquired in these buildingse
Mo allowance is madc for gpare parte or duplication of cquipment.
The cost of 1aﬁd, fresh water supply and clectric powecr supply
 ie not included. | |

As the tailing from this plant woﬁld bec apprdximately
95 porcent‘minus 300 megh it could bec disposcd of by pumping
the material out to sea., Sea water could bc used for moét of
fhe plant reqdiremcnts.

| T2 reclaim the present tailing dump; mbréléquipmcht,
costing approximatoly £20,000 would bave to be purchased, | For
the purpnee >f this éost Qstimgto.it has beon'&ssumed that'this
ﬁatorial would not bc treatcd concurrcntly with currcnt watcrial

from the uranium treatmcnt works,

7. DISCUSSION.

The two materials used as a source of titapnium are
ilmenite for pigmént manufacture and rutile for metal manufacture,
They have not yet become competitive in the wmetal field, but
wheh they do, the difference in price will be the coet of dironm
recmoval, . Thig highcr cost will be the rcsults of incrcased

rcagent rcquirewments, and the worc complicatcd plant that is

COXNFIDENTTI & L.
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\é.necessary. At this time it will be possible to usc watcerials
| containing 70'percont Tioz, and to quote a pricc in which
pona;tios for contnined orc arc known. It woy thon be poseible
to-r?adily sell the products of Pt, Pirie Chcuiceal Plant rcsidue

at aiprice hizher than these indicated production costs.
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