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Enhanced gravity separation provides a process to recover mineral values lost to tailings. For processing duties 

where lhe valuable eonstituent partieulatcs are very fine or there are small density or hydraulic differences betwccn 

liberated mineral species, centrifuga! l:,'Tavity concentrators have found application. The Kclscy Centrifugai Jig is 

widely applicable to tine mineral recovery dutics, with kcy application arcas including mineral sands, tin, gold and 

niekel. Othcr arcas of application include: iron ore, chromite, base metais, PGMs, soil rcmcdiation and schcclite.Thc 

operation of thc Kelsey Centrifugai Jig is discussed and thc pcrformance for a numbcr of scavenging applications is 

rcvicwed with data from severa! applications, including: 

• Scavcnging of cassiteritc from tin tailings 

• Fine gold I sulphide recovery from lcach tailings 

• Rccovery ofhcmatite from iron ore tailings. 
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INTRODUCTION 

Traditional gravity scparation equipment is only gcncrally cffcctive in the rccovery of relatively coarsc minerais . 

Past operations using thcse 1-g deviccs have produced many tailings dumps around thc world that contain signifieant 

valuable minerais, predominantly in the fincr size fractions. Similarly, many currcnt plants also produce tailings 

steams that contain sufficient valuable mineral to justify stockpiling andlor retrcatment rathcr than final rcjcction. 

Thc use of centrifugai force to enhanee thc cffectivcness of gravity scparation has bccn utilized in a number of 

mineral scparation dcvices (Silva et ai ( 1999)). The Kclscy Jig is one sue h dcvicc which, with thc ability to vary thc 

apparent gravitational ficld by up to 100 times the normal gravitational force, can facilitatc major improvemcnts to 

separation efficiencics, particularly for very fine mineral feeds and I or for the scparation of mineral particulatcs with 

small density differcnces. The Kclsey Jig utilizes thc sarne paramctcrs as a conventional jig but superimposcs thc 

additional feature of bcing able to vary the apparent gravitational field acting on fine particlcs across a ragging bcd 

by spinning the jigging mechanism. (Laplante (2003)). 

The high efficiency of separation, as wcll as the introduction of the high-capacity J 1800 modcl, makcs the Kclsey 

Centrifugai Jig an excellent option for proccssing existing tailings deposits and scavenging current plant tailings 

streams to rccover fine valuablc minerais, as well as for rcmoving environmcntally unacccptablc minerais from plant 

waste materiais 

KELSEY JIG OPERA TION 

The Kelsey Jig is fcd down a fixcd central pipe and distributed over a ragging bcd supportcd by a cylindrieal 

shapcd scrcen, which is spun coaxially with the rotor. The bed is pulscd and pressurized hutch water is introduced to 

fluidize thc ragging bed and facilitatc stratification I sorting. This results in particlcs of dcnsity grcater or equal to 

that of thc ragging passing through the ragging bcd via thc mechanisms of hindcred scttling and intcrstitial trickling, 

which are enhanccd by thc apparcnt higher gravitational forces. Thc denscr particles pass through the internal screen 

to concentrate hutches and then through spigots to a concentrate launder, whilc thc lightcr mineral particlcs are 

discharged over a ragging retention ring into a tailings laundcr. 

OPERA TING PARA METE RS 

The kcy opcrating variablcs on a Kelsey Jig include: 

• Spin speed; 

• Pulse rate; 

Stroke lcngth; 

• Ragging s.g. ; 

• Ragging size; 
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llutch watcr addition. 

For a spccific duty in a particul ar application, thcrc will bc an optimum sct of opcrating conditions. Although a 

numbcr of thc variablcs can bc dctcrmincd from thc charactcristics of thc fccd materiais (fccel rate, dcnsity, sizing), 

othcrs rcquirc tcstwork to cstablish thc most cffcctivc combinationls. It follows that thc cvaluation of potential jig 

pcrfom1ancc is no\ a trivial tcstwork cxcrcisc. llowcvcr, rcccnt improvcmcnts to Kelscy Jig control systcms havc 

facilitatcd fastcr rationalization of appropriatc opcrational paramctcrs. 

IMPROVEMENTS 

ln rcsponsc to prcviously cstablishcd limitations to throughput capacity on the earlicr modcl J650 and Jl300 

Kclscy Jig machincs, thc J 1800 dcvclopmcnt culminatcd in thc first commcrcial installation in a Bolivian tin 

opcration in 200 I. Subscqucnt J 1800 machincs havc bccn successfully installcd and are now opcrational for thc 

rccovcry of gold-containing sulphides from CIP tailings anel for the upgrading of nickcl ore flot ation conccntratc. 

Further J 1800 units are elue to be installeel early in 2004 for thc recovcry of zircon from o lei anel ncw mineral sands 

plant tailings. 

Spccific machinc improvcmcnts, some of which havc rcsultcd from expericnce gaincd in thcse first J 1800 Kclscy 

Jig installations includc: 

• 

• 

Automatic scrccn clcaning systcm; 

lmproved diaphragms: 

Upgradcd lubrication systems; 

lmprovcd internal scrccn dcsign: 

lmprovcd control systcms. 

Some of thcse improvemcnts havc bcen necessitated from a need to accommodate the requirements for higher 

throughput capacity (up to 80 t/h), whilst othcr features have evolved from a desire to introduce more user-friendly 

operational aspects to the machincs. Thc cffectivcncss of the improvcmcnts havc bccn demonstrated in highcr 

availabilities associatcd with longcr maintcnancc intervals and the attendant rcductions in operating costs. 
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PERFORMANCE OF KELSEY CENTRIFUGAL JIG lN TREATMENT OF T AILINGS STREAMS 

Scavenging of cassiterite from tin tailings 

The processing oftin-bearing ores typically involves a largc number ofphysical and chemical unit opcrations. These 

ores generally contain sulphide mineral impurities that are removed via f1otation, either at the front of the cireuit 

(after grinding to at least 300 pm) or after preconcentration in a gravity circuit. Traditional gravity circuits 

ineorporate hydroclassifiers, spirals and shaking tables and produce eoncentrate grades in thc order of 45-50% Sn 

(after sulphide f1otation). A eassiterite f1ot ation circuit is typieally used to recover fine tin minerais not recovered in 

the gravity and sulphide f1otation circuits . Typieally, cassiterite f1otation concentrates eontain 25-40% Sn and are 

further upgraded before being eombined with gravity concentrates. 

The Kelsey Centrifugai Jig is ideally suitcd to the rccovery of fine cassiterite and can be applied to a number of 

different duties within a tin plant, including: 

• Preeoncentrating tin-bearing minerais prior to sulphide f1otation 

• Reducing reeirculting loads and overgrinding oftin-bearing minerais in the grinding circuit 

• Increasing concentrate grades to 60-65+% Sn 

• Processing gravity tailings, redueing or climinating the nced for high cost cassiterite Ootation 

• Reeovery of fine eassiterite from final plant tailings 

The results from on-site testing ofthe Kelsey Centrifugai Jig, treating a final plant tailings material (d50 - 40 pm) 

containing - 1.2% Sn are presented in Figure 1. The data illustrate the range of results (summarised in Table l) 

achi cvable by a Kelscy Centrifugai Jig in a single stagc ofprocessing, from: 

• Produetion of a high grade concentra te at relativcly high tin recovery and low coneentrate mass yield, to 

• High tin reeovery and relativcly high mass recovery into a lower grade concentrate 

Table 1: Range ofKelsey Centrifugai Jig performance in recovery oftin from final plant tailings 

Concentrate Concentrate Recovery to Concentrate 
Grade(% Sn) Upgrade Ratio %Sn % Mass 

High concentrate grade 15 12.5:1 60 5 
High reeovery 5 4:1 80-90 20 
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Figure 1: Recovery of tin from final plant tailings with the 

Kelsey Centrifugai Jig 
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Separa te Kelsey Centrifugai Jig testing of final tailings material containing ~ 1.4% Sn, from another operation, 

resulted in an upgrade of ~ 18: I to produce a relatively high grade ( ~25% Sn) concentra te ata tin recovery of ~45% 

anda corresponding mass recovery of ~2.5%. 

Fine gold I sulphide recovery from leach tailings 

Gravity equipment has long been used to pre-concentrate free (or gravity recoverable) gold in the primary milling 

stage of gold circuits (Broman et ai., 1986). However, quantifying the increase in gold recovery and real economic 

benefit associated with such circuit changes can be difficult. On the other hand, the economics of treating a final 

tailings steam to recover additional gold are more straightforward. 

Methods such as froth f1otation can be applied to the retreatment of gold I sulphide plant tailings, but such methods 

havc inhcrcnt complexities and environmental concems. Consequently, gravity separation techniques have often 

bccn employed with cone and spiral concentrators (Butcher and Laplante, 2003), but generally these circuits have 

exhibited poor metallurgical perfom1ance, due to the very fine particle size of contained valuable minerais. The 

ability of the Kelsey Centrifugai Jig to recover very fine minerais with small density differences offers a potential 

solution to the recovery of gold-containing sulphide minerais from leach tailings streams. The economic benefits of 

this application are supplemented by the environmental benefits of reducing the effect of acid mine drainage from 

tailings dams through the remova! of sulphide minerais from waste dumps. 
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The perfom1ance of the Kclscy Centrifugai Jig in the recovery of gold-containing sulphides from CIP tailings is 

illustrated in Figure 2. By varying appropriate operating parameters, it is poss ible to achieve a widc range of 

perforrnanee (further illustrated in Tablc 2), from : 

• Relatively low concenlrate upgrade ratios at high recoveries, to 

• Higher concentratc upgrade rati os at lower, but sti ll quite significant, rccovcries 

Table 2: Range ofKelsey Centrifugai Jig performancc in recovery of gold-containing su lphidcs from CIP tailings 

Performance Focus 
Concentrate Up~rade Ratio Recovery to Concentratc (•Yo) 

Au s Au s Mass 
High recovery 3: l 4:1 70 80 20 

High concentrate grade 10:1 15:1 57 70 5 
- - ---- - - ---

The ability of the Kelsey Centrifugai Jig to reeover fine gold valucs is shown in Figure 2. Thcse data indicate 

rccoveries of>90% in the 20-53 J.lffi size range. Recovery of Au in the -20 J.ll11 sizc range excceded 50%, whilst low 

recoveries from the coarser (+75 J.lm) fraction are attributed to poor liberation ofthe Au/S particles with gangue at 

this particle sizc. 
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Figure 2: Recovcry of gold-containing sulphides from CIP tailings with the Kclscy Centrifugai Jig 
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Recovery of gold-cootaining sulphides from fme sizc fractioos of CIP tailings 

The increase in overall plaot recovery will depend ou how conducive the Kelsey Centrifugai Jig concentratc is to 

recovcry of Au by cyanidation (typically following ultra fine grinding). 

Recovery of hematite from iron ore tailings 

Thc rccovery of hematite from iron ore deposits has convcntionally been conducted using gravity and magnetic 

separation. ln these operations, separation cfficiencies generally begin to fall when lhe particle size is lowcr than 

approximately 100-150 ).liD. This is particularly true when there is a requirement to mcet high concentrate grade 

targets. This requirement bas become more prevalent with the advent of new refining routes, such as direct rcduced 

iron (DRI). These factors bave resulted in tbe productiou of large tai lings deposits that contam signifi.cant fme imo 

vaJues. The Kelsey Centrifugai Jig has beco dcmonstrated to effectively treat the material contained in thcse taiüngs 

dumps/streams. 

The first example of this application involved thc installation of a Model J1800 Kelsey Centrifugai Jig to trcat a 

stream that was reporting to final tailings after being subjected to two stages of gravity separation and one stage of 

magoetic separation. The strcam still contained liberated hematite but with a sigoificant proportion of unlibcratcd 

iroo minerais and silica particles which were predominantly coarser thao tbe Liberated valuable minerais. 

A feed rate of -55 tph solids was maintained for the trial period which involved sevcral hundred hours operation. 

Trials rcsulted in final concentrate grades coosistcntly iu cxcess of 65% Fe and frequently in excess of 67% Fe. 

Size-by-size grade/recovery data from a set of trial samples (see Table 3) demonstrates the ability of tl1c Kclsey 

Centrifugai Jig to produce [mal grade conccntrate from a low grade, partially liberated stream in a single stagc of 

processing. 
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Table 3: Size-by-size grade/recovery data from trial with Kelscy Centrifuga! Jig on iron ore tailings materi al 

Size 
Mass Distribution Grade Grade Rccovcry to Rcjcc. to 

(%wt) (%Fc) (%Si) conccntratc ta ii 
(pm) 

Fecd Cone Ta ii Fced Cone Ta ii Fced Cone Ta ii %wt '!luFe %Si 

300 4.6 0.0 5.1 13.2 13.2 76 .R 76.R 0 .0 0.0 100.0 
212 19.7 0.3 21.6 8.4 8.4 86.8 86.9 0 .1 0.0 100.0 
150 24.9 1.2 27.3 6.1 42.7 5.9 92.1 32.9 92.3 0.4 3.1 99 .R 
106 21.7 3.7 23.6 5.9 57.9 5.1 91.5 15.1 92.7 1.6 15.2 99.7 
75 11.7 11.6 11.8 11.1 65 .1 5.8 83.2 5.R 90.8 9.0 52.5 99.4 

53 5.6 13.9 4.8 21.0 67.2 7.7 66.5 2.5 85.0 22.4 71.6 99.2 
45 4.5 30.1 2.0 45 .2 68.0 10.6 29.6 1.8 71.6 60.2 90.7 96.4 
-45 7.0 39.2 3.8 44.3 66.0 21.8 30.2 3.8 57.6 51.0 75.9 93.6 

~ 100.0 100.0 100.0 12.7 65.9 7.4 80.5 4.0 88.2 9.1 47.1 99.5 

The capabilities ofthe Kelsey Centrifuga\ Jig havc further becn dcmonstrated in the results obtained from testing of a 

very fine (d50 -20 ~m) iron ore tailings material containing -49% Fe. ln this a high-grade (>67% Fe) concentrate 

which met ali required targets for dementa\ composition (Table 4) was produced at a mass yield of 3\% and a 

recovery of 42.5% Fe. 

Table 4: Elemental composition of a gravity conccntrate produced from a fine iron ore tailings material using a 

Kelsey Centrifuga\ Jig 

Element %Fe %Si02 %P %S %K20 %Zn 
Concentrate I Actual 67.2 2.4 0.14 0.07 0.10 0.01 

Grade I Tar,:!et >63 <4.5 <0.2 <0.2 <0. 14 <0.03 

CONCLUSIONS 

The introduction and further evolutionary development of the Kelsey Jig has facilitated thc rcintroduction of 

gravity separation to ultra-fine or otherwise difficult separations. Furthermorc, the rclativcly high capacity of the 

11800 modcl Kelsey Jig has favoured thc cost bencfits for this sophisticated devicc in severa! now provcn application 

areas. No other commercial-scale gravity separation equipment is able to achieve the separation efficiencies 

routinely demonstrated by the Kelsey Jig. 

Future developments are expected to include: 

Modularization of Kelsey Jig scparating plants, for case of retrofitting into existing opcrations, installation in 

green ficlds projects, and for tailings scavenging duties. 

• New applications, including soil remediation, and diffcrential separation of fine c\osc-dcnsity minerais. 

• Complementary applications with other mineral proccssing tcchnologies, for example Jlotation and othcr gravity 

separation systems. 
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