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The emerging Yang jig technology offers sharp separation of fine particles
by the difference in their specific gravity. Mixed particles are fed dther wet
or dry into an inlet near the top of a column that is packed by corrugated
plates, and the pulse water enters near the bottom. Heavy particles migrate
downward and light particles move upward with the drag force imparted by a
net up-flow sream of liquid being channeed through a large number of
jigging cdls The multi-cel desgn endbles repetitive separation actions as
the paticles travel in opposte verticd directions and dlows precise
concentration a high capacities with no short-circuiting. When a steady-state
condition is reached, paticles are drdified in a wdl-defined densty
gradient. The concentrated heavy particles discharge from the bottom, while
the light particles overflow through a top launder. Scae-up is nealy linear
with the separator volume. This paper presents basic principles of the process
and its goplications for recovery of metds from dag, especidly ferrodloys.
A commercid jig plant has been inddled in South Africa to recover meta
concentrate of 97% grade a 76% metd recovery from minus 1mm
ferrochrome dag far exceeding conventiond gravity methods.

I ntroduction

A dggnificant amount of minerd and metd vaues are log in fine dimes in the mining and
metdlurgica industry today because of the lack of an efficient and cogt-effective method for
thelr recovery. Mogt of this fine materid is being disposed of as waste in enormous tonnage
causng great economic and environmenta concerns. The Yang jig technology [1], patented
in 1996, has been developed to solve these problems. This technology represents the latest
advancement in jigging separdtion of findy disseminated particulate materid. Having many
advantages compared to conventional methods, it is cgpable of separating and recovering
high qudity products from waste, such as metd vaues from dag. Thus the industry will
benefit by reducing the unit production costs and gain a competitive edge in the market place.

During the past three years, a pilotplant scde Yang jig was built and tested in South Africa
for various possible gpplications. The objectives of the test work were (1) to evaluate the
separation efficency in the processing of different feed materids, especidly metd from dag,
and (2) to identify the key operating variables, such as feed rate, feed densty, upward water
flow rate, etc., and determine ther effect on the performance, and thereby optimize the
operating conditions. The applications and advantages of the technology will be presented
including some highlights of the project findings.
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Multi-cdl jigging

A schematic diagram of the Yang jig used in the dudy is shown in Fgure 1. This jig is
uniqueinitsmulti- cell design and use of anove jigging concept.
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Figure 1. Yang jig Schematic Design.

The mechine congds of a sngle column fitted with specidly designed packing plates. The
packing acts as a partition dividing the unit into a great number of jigging cdls and dso
functions as a riffling sysem andogous to thin film separaiors. The veocity profile of the
pulsed water provides a mechanisn for dratification of solid partices dong the vertica
direction according to the particle specific gravity. The length and frequency of stroke can be
varied to suit the gpplication [2, 3].

During suction (downward water movement), particle beds build on the packing in layers and
then cascade down the vessd to the next packing stage as a combined semi-compacted mass.
During the pulson cycle (upward water flow), the downward movement of the particle bed is
hated and the upper portions of the particle beds are re suspended, with a portion being
hydraulically lifted up the column and the other fraction being trgpped in an eddy zone under
the inclined packing above. Particles trapped in the eddy current return to the origina packed
bed by hindered sttling classfication and the lighter particles tend to settle near the top of
the bed.

The fine heavy particles adso trickle down into the weskly agitated bed during this phase. The
net effect is improved trangportetion of high-dengty particles down the column to the
concentrate stream (metas or heavy minerds) by virtue d the mass movement of the bed on
the suction droke since the bed helps protect these fines from high upward currents. The



Vol.2, No.2 Separation of Metals from a Slag Using a Multi-cel Jg 139

veticdly induced staged cleaning action enhances fine particle densty separations. The
desgn of the high-capacity multi-cdl machine reduces both floor space requirements and
construction costs.

Filot plant and plant applications

Severd laboratory and pilot scae plants are operating, and a plant study by a South African
manufacturer for meta recovery from dag a an operating ferrochrome plant included a Yang
jig to treat the finest cut of the dag feed of a 2mm top Sze. The reaults indicate commercid
viability of the Yang jig column. It is paticularly well suited to the processng of iron ore
cod, minerd sands, and other minerds and metas from gangue materids [4, 5, 6]. Potentid
environmental protection gpplications include the removal of nitrates and heavy metds and
effluent trestment to produce water, which complies with environmentd control
requirements.

Further scope for application exists in the chemica, pharmaceutical, food and petroleum
industries. The Yang jig is potentidly useful to recover free gold, sulfides, native copper,
native dlver, tintantalum, diamonds and garnet. There is a great potentid for its commercid
use in meta recovery from dag ether as primary and secondary recovery units. Some results
obtained from typicd tests in these agpplications are described in the following sections for
comparison with other methods.

Experimental work

Equipment and test procedure

The preiminary tests were employed on a wide variety of findy disseminated materias on
pilot scade 76mm jig, 19mm and 51mm laboratory units. In a plant Ste test, a 12-in (300mm)
plant column was tested at a plant Site for ecovery of ferrochrome from dag. The jig column
was extended by sections and could vary up to 3m tal. The feed durry was prepared in a
tank with a dirrer and a recirculation pump to keep the paticles in suspenson and well
mixed. A representative sample stream was tapped from the re-circulation line by a pump to
feed the column jig continuoudy &t a controlled rete.

If particles were too coarse to avoid a strong segregetion in the feed sump, the materid,
either dry or wet a any practical density, would require gravity feeding to the top of column.
High specific gravity paticles were drawn into the concentrate hutch during the suction
sroke of the bed and were discharged steadily. The lighter gangue was discharged over the
top cone. The pulsed water was monitored through an automatic control ingrument in
connection with a dengity probe on top of the column.

Samples of feed, concentrate and tailings were taken when a steady-state operating condition
was reached. Selected samples were then filtered, dried, weighed, and analyzed for metd
content using sdected light microscopy on the prepared polished sections. Some samples
were aso sent for chemicd anayss.
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Results and discussions

Ferrochrome recovery from dag fines

Sag/metal/sand dimes

This materid is the classfier fines from Company A (Phase Il expanson plant) in South
Africa The feed sample with a top sze of 0.3mm was tested as received using the Yang jig
pilot plant unit. The sample was dso tested after screening to remove +0.15mm particles.
Typicd results obtained are shown in Table 1 with the test conditions.

Table 1. Results of the Yang jig testing on Company A’s dag dimes as received.
Test No. TopSze Sample %Mass %Meta % Rec. %Cr  %Fe %Si

Al 0.3mm Conc. 5.8 95.0 795 44.0 28.9 2.8
Tails 94.2 1.5 20.5 115 7.8 20.1
Feed 100.0 6.9 100.0 13.4 9.0 19.1
A2 0.3mm Conc. 5.8 97.0 85.7 45.3 29.8 2.6
Tails 94.2 1.0 14.3 10.8 7.1 19.5
Feed 100.0 6.6 100.0 12.8 84 18.5
A3 0.15mm  Conc. 479 90.8 88.8
Tails 52.1 15.0 13.2
Feed 100.0 545 100.0
A4 0.15mm Conc. 54.0 91.8 90.9
Tails 46.0 10.7 9.1
Feed 100.0 545 100.0
Operating conditions:
Test No, Eeed Rate (kg/h) Eeed Water (1/h) Eeed Solids (%) HutchWater (1/h)
Al 246.6 700.0 261 456
A2 226.2 500.0 311 456
A3 1420 1350 289 135
A4 1409 500.0 311 456

The results show the metd concentrate yielded 6% by weight containing +95% meta grade
at a metal recovery of over 80%. Even though the development work is being continued, the
following observations were noted from many series of tests:

1) With med from dag, it is easy to obtan a high-grade product a the expense of
recovery. Thisis due to higher dendity and faster settling meta particles than the dag.

2) The amplitude and shape of the pulse adso affect the settling rates of the particles. The
amplitude determines the degree of fluidity (or porosity) within the bed, and crestes
more voidage for the particles to move. The amplitude should be such tha dl the
lighter particles are abile to move further upwards on the upstroke, while the heavier
particles move downward on the downstroke.

3) The hutch water affects both grades and recoveries. Idedly, the upward water velocity
in the 3inch (76mm) section of the jig should be greater than or equa to that in the 6
inch section, to prevent light paticles from moving downward (&t <Steady-state
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4)

5)

conditions, the heavy layer is built up to dmost the height of the feed point). This
ensures good gades. But increesng the hutch water much beyond this limit will result
in lower recoveries. These rdationships ill have to be quantified, but should dso be
indicated in Figure 2a.

Feed pulp densty is a very important variable affecting recoveries, as it determines the
net upward water velocity in the 6-inch (152mm) section of the column. For a given
hutch water flow, the reationship between feed solids and metd recovery is shown in
Figure 2b.

A feed rate of 250 kg/h (for the pilot unit) can be used as a design estimate. Beyond this
limit, metal recoveries decrease dradticaly. This feed rate trandates to 6.2 tph/n? of jig
volume, i.e. 2 300mm diameter column (bottom section) could process 4 tph feed.
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Figure 2. Effect of hutch water and feed solids on jig performance
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Ultrafine dag slimes

Company B is currently experiencing problems with the dag dimes handling section of their
ferrochrome plant. The high percentage of ultrafine materid (60% < 38um) rapidly clogs the
belt filter rendering it usdess. Yang jig tests were carried out on a sample of unflocculated
dimes. The am was to produce a metd rich concentrate that could be remdted in the
exiding furnaces, hence meta grade was not as crucid as overdl metd recovery. The dimes
contained 3.02% metd, 50% of which was present in the -38um fraction. The concentrate
produced an overal grade of 27.9% metal at arecovery of 67%.

The feed sample was aso processed on a laboratory Falcon Concentrator for comparison.
The dimes were processed through one rougher and two scavenger stages, producing 2
concentrates and one tallings sample. The operating conditions of the Facon and the sample
masses are given in Table 2. Each of the samples was examined minerdogicaly to dtermine
the percentage metal. The concentrate produced contained 15% meta and recovered 67% of
the metal present. Comparing the grade versus recovery rdationships for the Yang jig and the
Facon, the jig produced much higher grades for smilar meta recoveries over much of the
curve.

Table 2. Performance comparison of the Yang jig vs. Facon concentrator.
Company B’sdag dimes. 65% -38um
Method* Sample %Mass %Meta % Rec. %Cr %Fe %Si

Yang1(f) Conc. 6.7 43.7 31.0 235 15.7 8.8
Tails 93.3 2.0 69.0 9.1 7.0 16.7
Yang 1l Conc. 6.7 27.9 67.2 195 13.0 10.7
Tails 93.3 1.0 32.8 94 7.2 16.6
Feed 100.0 2.8 100.0 10.1 7.6 16.2
Fadconl Conc. 23.0 15.0 67.5 15.6 10.6 12.7
Tails 77.0 2.2 325 79 6.7 16.6
Falcon 1+1 Conc. 417 11.9 96.9 13.8 9.4 13.8
Tails 58.3 0.3 14.3 6.8 6.3 17.1
Feed 100.0 51 100.0 9.7 7.6 15.7

*Yang 1l =onerougher processing; 1(f) = one rougher fine product
Falcon 1 = one rougher processing; 1+1 = one rougher + one scavenger

Plant Testing

A 300mm Yang jig was manufactured under license from MTI by a South African company
and inddled at an operating ferrochrome plant for recovery of the meta concentrate from —
Imm ferrochrome dag (see the picture in Figure 3). Even though the operation was not
extensive, on the average, 7 tons of the metal concentrate were produced per day for recycle
to the smdter usng a 300mm diameter by 3m tal column jig done. The concentrate grade
was adways very high, averaging 97% metad grade at 76% metd recovery. The results are
commensurate with that obtained from the 76mm pilot Yang jig on other Smilar materias.
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Technica and Economicd Potentid

Design Advantages

Continuous and excellent results have been obtained by the Yang jig on a vaiety of
applications. It is particularly suitable to replace a conventiona circuit where many stages are
required. Good process control is possible as varying the digtribution of the mass based on
pulp density and pulsation rate can control the extent of dispersion of different phases.

The floor space required by the plant is about one tenth that required by dternative systems.
Sharp separetion is possble a a very high feed rate because the Yang jig enables numerous
repeated actions exerted upon the particles. It is characterized by the transgent multi-force
fidd interacting with the packing that produces additiona shearing action on the particles to
enhance the separation. It is unique in the sense that it combines entirdy different separation
processes of thin film jigging and thin film concentration.

Commercialization efforts

Process benefits of the Yang jig are obvious in terms of performance improvements and cost
reductions, and ease of scde. Minera Technologes Internationd, Inc. (MTI) is developing
the scde-up of the units leading to commercid gpplications in the minerld and metd
indusry. MTI is committed to qudity and innovaion while fodering drategic dliances in
order to bring the technology to the marketplace.

Filot-scde teting can be conducted either on-Ste or a the MTI test fadlities in West
Virginia following bench-scde exploratory tests. The avalability of different sSzed test
columns dlows test work to be done on a scale that best slits the project objectives and the
client’s budget. This will be backed up by MTI's comprehensive support and services. In a
time of heightened emphass on financid peformance and competitiveness, MTI provides
srategic weapons in the battle for profitakility.
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Summary and Conclusions

1) The Yang jig technology incorporates a multi-cel packing idea and number of nove
features providing increased capacity in amore robust and compact design.

2) The jig device is mechanicdly smple, with no agitators or internd moving parts, and it
iseasy to ingddl and automate.

3) The detaled mechaniam of the Yang jig is Hill under study. Subsequent testing will
exemplify the €ffects and interactions of key operating vaiables on the jigging
Separation.

4) This technology offers an excdlent opportunity for minerd and metd producers to
drengthen their competitive edge. Its effectiveness, smplicity, low initid capitd and
operaing costs will make this unique jigging technology feesble for many
applications.

5) MTI is looking for interested parties to participate in the opportunity for increasing
ther profits through advanced technologies.
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