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THE PROCESSING OF TUNGSTEN ORES.
PROCESSES AVAILABLE — CHALLENGES —
A CRITICAL REVIEW

Problems encountered during the processing of lean and |finely
disseminated tungsten ores by the gravity separation end flotation
are discussed. The need to develop proper technologies for the
recovery of fine particles in the reange of 0-10 um by any physicel
method and further improving of the existing processes for the
10-20 pm particles is described.

Introduction

As the world’s supply of mineral raw materisls diminishes, lower
grade, finely-disseminated ores will have to be sought as new sources
of metal and minerels. It need not be emphasized thet in the yeers to
come, advenced mining and size-reduction techniques will be needed %o
deal with the problem of finding ways to redﬂée unnecessary fines. To
meet the increasing energy, environmental snd economic constraints of
present-dey society, the need for continued,§ever—expanding research in
fine particles cherscterisation esnd processing will grow.

The problem of processing fine particles poses an immense challenge
today to reseerchers both in mining end mineral processing ereas. With
the increesing demand for minerals and continiously diminishing grades
of ores, it is necessery to mine and process a larger tonnage of ores.
Consequently, ever-increesing tonnages of fines. are slso being produced.
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Ideally, one would+like fines to be produced only for the purpose
of liberating veluables from gangue minerals., However, large amounts of
fines are generated at the mine site itself. Advaences in mining techni~

quee that would reduce the production of fines, is one ares which
needs| to be explored. Also, the occurrence of valuable minerals in a
finel&-disseminated form necessitiates fine grinding for liberation
end subsequent physical separation. To avoid unwanted fines, grinding
and classification circuits have to be made more efficient. This 1is
another area where improvements could help to reduce the problem of
fines. Most importantly, the processing of fine particles requires
extensive research. Because of the losses of mineral and metal values
in the fine size range,conaiderablehnterest is growing in developirg
new processes and in improving old ﬁrocesses for the recovery of fine
perticles. One of the most widely-used mineral processing techniques
ig froth flotation. _

Due to the extremely compliceted physico-chemico-mechanicsl
conditions existing in the flotation process, the problems associated
with the presence of fine particle are most pronounced in flotation
srocesgsing. .

Challenge: The efficiency of the flotation process is much less for
rarticles in the range of O to 10 ﬁchons. The same holds true for
gravity separation technology as well. The challenge posed to research
scientists is to develop a proper technology for the recovery of fine
particles in the range of O to 10 microms by any physical methods of
gseparatiorn. The recovery of particles in the range of 10 to 20 microns
is a2lso to be improved further by existing processes.

Processes and their limitations

Reagsearch and developmens projects must be timely and economically
exploitable.

Tor the concentration of tungsten oies, the available processes
end their limitations are as follows:

Table 1
S1. s
Yo. Process Size spplicable
I. 0LD TECHNCILOGY
z) Conventional Processes

1. Jigs uptc 10 mesh

2. Tebles 20 to 200 mech

3, AMS 5" to 1C mesh



The processing of tungsten ores..

185

Si.

- Ro.

<

Process

cont. Table 1.

Size epplicable

4. Spirais
5.  Flotation

b)

Pneumetic Concentration

1. Jdigs

2. Tables
3. HMS

4. Sluices

II.

NEW TECHNOLOGY

a) New Processes

1. Bartles Mozley Concentrator

2.

3.
4.
5.
6.
7.
8.
9.
10.

11,
12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

Pre Concentration and .
Sorting

HMS

DWP

Heavy Madia Cyclones
Triflo Separator

Jigs '
IHC~Jigs

Sluices

Moving Belt Separator -

Rotating Cone Concentrator
Denver Buckman Tilting
Concentrator

Rocking Shaking Vanmer
Bartles Cross Belt
Concentrator

Reichert Cones

Duplex Concentrator

Yuba Richaerds Mineral Jig
Flotation

Sheer Flocculation
Rotating Tube

Nelson Separator
Centrifugal Jig

23. American Balanced Jig

In mineral processing, most of the losses of minersls and
metsl values sre in the fine size renges, and considerable
work haes been done in recovering these values by modifying
eerlier process models.

20 to 200 mesh
35 to 400 mesh

upto 10 mesh

28 to 200 mesh
10 to 65 mesh
10 to 100 mesh

100 to 5 microns

10 mm to 20 mm

upto 1/4=
2" to 65 mesh

aupto 40 mesh

upto 40 mesh

20 mesh

to 8till fner sizes
upto sand sizes
Fine material

35 mesh to 100 mesh
20 to 200 mesh

upto 20 microns
Minus 20 mesh

5 to 150 microns
100 to 30 microns
upto 100 microns
1/2 to 200 mesh
upto 20 microns
40 to 1 micron
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cont. Table 1.

Sl.

Xo Process ‘Size applicable

b) Advanced Technology for specific
caeés : Modified versions of earlier
models ' ‘ ;

1. Jigs
. 2. Tables

3. Spirals y
4. Pre Concentration Technology
5. HMS .

6. Flotation Reagents"

Problems in Processing

Mineral processing technology has to change to keep up with the
demend for chesper processing méthods. contend with environmental
constraints and reduce emergy requirements.in order. to treat the lower
and poor-gfédéd &isséminéted ore types economically.

with the increasing demand for minerals and the continuously
diminishing grade of ores, mining larger tonnages has become & necessity
which inturnﬁncreasea the production of fines end slimes. As much as
1/3rd of Florida phosphate, roughly 1/5th of world?’s tungsten and 1/2
of Bolivian tin ere lcst in slimes dué to a lack of suitable separation
technology. Diminishing raw material resources have necessitated the
recovery of mineral values from finely-disseminasted ores. Thus reseerch
in fine particle processing methods is urgently needed.

- Considerable interest is being shown in the development of a
suitable process technology for fhe‘récovery of values in the fine size
ranges. The most pressing problem of the mineral processing industry
these days is the recovery of valuable minerals from slimes. The
difficulty is due to small mass, low momentum, colloidal coating,
hetroesggregation, high surfesce area, increased surface energy and also
increased pulp viscosity.

Ore grades have dropped. Energy costs have risen. Metal prices
nave fallen, and the treatment of lower ore grades: means a higher
tonnage must be treated for the same metal recovery. Energy costs zre
hecoming & greater percentage of overall costs. Lov metal prices demand
cheaper milling processes. ’
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o
2)
3)

4)
5)

6)
7
8)

9)

10)

1)

The major problems in processing are;
Tungsten ores are the disseminsted type and need fine grinding for
complete liberation. .-

Since tungsten mineral are fragile, slime production is greater in

commipution.

In Gravity Separstion Cohcentration, the other essociated heavy
minerals (sarnet, topez, iron-oxides and sulphides, etc.) join
tungsten minersls and thus dilute the concentrate.

The presence of calcite is a problem in scheelite flotation.
When the tungsten minerals are scheelite and wolframité,

"concentration is & problem as differept methods are required for

these two minersls. . E

Recovery of the fine and slime tnngsten is problematic.

An effective scheme for the flotation of wolframite is yet to be
esteblished. ] - .

In the ceses of disseminated ores, the recoveries are far from
satisfactory.

The removal of gafnet end tourmaline from wolframite is not fully
successful.

Recoveries of wolframite values in the size ranges of O to 20
microns are poor both by gravity and flotation methods.

Chenges in processing prectices and the introduction of new and
better equipment have been rather slow.

Mejor problem areas in flotation & gravity separation

The processing of fine-grained ores?frequently results in the

production of ultra-fine particles, which respond poorly to conventionsal
physicel separstion techniques. These ultrafine particles, commonly
called slimes, are often rejected from circuits fllowing commiﬂution.
They represent mejor losses of available minerals that are mined but not
recovered during primsry processing.

(A) Flotation

Wolframite flotation is most broadly and throughly studied in

Chine, which is the world’'s lergest producer of tungsten. Wolfremite is
cheracterized by its tendency to form fines and slimes. In wolframite
flotation, three types of flow-sheets and reagent systems can be used.
For simple ore, flotation in weakly basic or neutral pulp with oleic
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acid, .toluol srsonic adid or benzol ethylene phosphonic acid is

applied. These acids are sometimes combined. For more complex ores,

bulk concentrate flotation is used. Collective concentrate is separated

in a recleaner section into a sulphide product and a tungsten containing
product. Wolframite final flotation proceeds in neutral or weskly
alkaline pulp. Complex and hard - to - treat ores are floated

in strongly acidic pulp in the presence of fluosilicateé after sulphide

flotation. A combinstion of arsonic and sulphe succinemic acid,

phosphonic acid are used as collectors. In this way, & concentrate
containing 17-18% WO3 is obtained from ore feed having 0.5%% W03, with

a recovery of sbout 75%. Another collector system uses 8 hydroxyquino-

line which forms chelates with iron and manganese in the wolframite

lattice, with neutrsl oil at pH S.S.Aéconcentrate containing 15.72w03

is obtained from ore feed containing 0.57% WOB’ with a recovery of 94%.

The third method is based on roughing with oleic acid. The
rougher concentrate is upgraded by reverese flotetion of the gengue
minersls using amine as a collector. A concentrate containing 74.3% ?.'O3

" is obtalned from a feed with 0.46% WOB, with a recovery of 61.6% in the
concentrate and 18.4% in middlings. The difficulties encountered in
wolframite flotatlon are eliminated in the roughing section by splitting
the feed into several branches.

It is a well-known fact that the efficiency of flotation
diminishes with a decrease in particle size. The reasons are numerous
complex. As particles gets smaller as a result of increasingly fine
grinding, the surfaqe properties of the individual minerals tend to
lose their crystallographic individuality because the outer layers
become amorphorous. Under these conditions, partial coverage of the
particles by collectors that are not too highly specific towards given
ions can easilyfocqur both in the case of valusble minerals and gangue.
The flotation of all the mineral species present thus occurs
indiscriminately. Purthermore,| the very fine particles tend to sdhere
to the coarse grains as & results of mechanisms similer to those
involved in flocculstion, again in en unselective msnner.

The figure on the next page gives a schematic presentation of thé
relationship between the physical and chemical properties of fine
particles and thier behavior in flotation.

The major comstraints in flotation are:!

1) The efficiency of flotation is very poor for perticles below 10
microns. There is no evidence of equitable size below which
particles become unflotable.

2) Slimes float very slowly. The rate of flotation decreases with the
particle size from 10 microna downwards.
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Physical & chemical properties of fine particles & their behavior in
flotation

A schematic diegram showing the relationship|between the physicel and
chemical properties of fine particles and their behavior in flotation.
(G) end (R) refer to whether the phencmena affects grade and/or recovery.
The errows indicate the various factors contributing to a particular
phenomens observed in flotation of particles. (After D.W. Fuerstensu,
Fine Particle Flotation, in.; Fine Particles Processing, Proc. Inter.
Symp., Las Vegas, 1980, v. 1, 669-705).

3) Investigations into the reasons for the slow flotation of'fipes have
had limited success. The sttachment of particles to the bubbles
appears to be a major contributing factor.

4) The unsuccessful flotation of fine particles can be chiefly
ettributed to the lower rate of collision with the bubbles end low
particle momentum, limiting the chances of adhesion.

5) The selectivity of the attachment of desired!pa;ticles with the
bubbles is very poor, thus resulting in poor grades of concentrates.
Slime coatings also contribute in the noneffective flotation of fines.
The successful methods of flotation of slimes use neutral oils and
also flocculetion of fines before flotation. '

6) A suitable environment for the flotation of particles of, say, 10
to 200 microns is not necessarily suitable for fine particles. -

(B) Gravity separation
Gravity concentraetion techniques are capable of beneficiation a

number of ores and minerals in a wide size range. Lately much attention
hae been foccussed on processing in fine size ranges (for example 8%%
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casgiterite in the world is. produced by gravity methods, es this is one
of the most difficult minersls to float). As a result the Bertles =~
Mozley Tables, Cross Belt Separators and Reichert Cones: haye been
developed and succeasfully employed in the indnstry.

Mineral values carried in alimes

The most pressing current problem of the mineral industry is the
difficulty of fecovering valuable minersls from slimes. The main causes
are small mass, low momentum, colloidsl coating, hetroaggregstion, high
surface area, increesed surface energy end also. increased pulp viscosity.
After a lapse of about 50 years, caused by the tremendous aucceaslof
flotation, there has recently been a renewed interest in gravity ‘
concentration. The reasons are increasing reagent costs, environmentel
pollution end the limited success that flotation has had with oxide
minerals. The slime gravity equipment considered includes the Bartles
¥ozley Seperator (or Mozley's frame), the Bartles Cross Belt '
Concentrator and the latest unit Dupléx Concentrator. Slime gravity
circuits are at present found in many plants treating Sn and W. Other
areas where such circuits can be potentially utilized are Ta, Cr, Pt,
Pb =nd beech sands of fine sizes. Modern units. of such circuite are
capable of recovering heavy particles es fine as 5 microms. Two plants
with slime gravity circuits are Geevor Tin Mines Ltd. and Berni Lake
Tentalum Mining Co. Slime recovery by gravity methods, with or without
other methods: such as high intensity magnetic seperation, flotationm,
ete., is a promising route allowing flexible circuits and economical
treatment of verylowsgrade feeds. It is worth probing all the
possibilities of succeaéfully employing such a circuit, wherever
pogsible. ‘

The degree of efficiency of separatlon for material which is close
to 10.1% of sepearation is pregented in the following teble!

Table 2.

Degree of difficulty of separation- for the wt% of material with £ 0.1%
of separation

t% within -1 Degree of Gravity process
£0.1% Gravity difficulty recommended Type
of Separation expected . :
1 : 2 3 4
0-7 ] simple ’ almost any process SLUICES
- High tonnsge JIGS
7=-10 moderstely efficient process TABLES
difstinls - high tonnage
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cont. Table 2.

1 1 . - & ‘ 3 4
10-15 difficult efficient process Dws
- medium tonnage CORES
~ good operation SPIRALS
15-20 Very difficult Very efficient ' DWS

Process -~ low
Tonnage - Expert

. operetion
20-25 exceedingly - Very efficient DWS
_ difficult Process - low ’
' Tonnage - Expert
' operation
Above 25 Formidable _ Limited to a!few DWS _
S exceptionally cloge control

efficient processes

Tonnage =~ Expert
operation

Conclusion

Most people in the mining‘industry aie optimigts - they have +to
be. The mining engineer is slweys thinking thet he can find a2 way of
coping with bad ground; the mineral processor is sure he can improve
concentrate grades and reéoveries; the‘metallurgiet is elways looking-
for higher process yields and better thermasl efficiency. In times of
low prices,'everyone seeks to outwit the martet, cut their costs and
keep going. ’ . . v ) :

For the most part, rich ores are being exhsusted, and the ores now
being mined are sll disseminated and require fine grinding to liberste
the mirersl values. While attempting the liberation of mineral values,
a lot of fines end slimes are inevitably produced. In minersal
processing, every process hess e size limit up to which the process
works efficiently. Today, the processes'available to satisfactorily
recover minersl velues in the range of O to 20 microns sre limited.
Research scientists are eager to develop both flotation and gravity
processes to recover fine values otherwise lost in slimes.

Recognition of the need to develop gravity separstion equipment
the recovery of fine materials led to the development of Frue Vanrner,
the buddle, the cornish round frame and the streke before the turn of
the century. Later on, the wet sheking table, the Denver Buckmar

Ay

i e
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tilting frame, the BurcH Shaken Helicoid and, more recently, the Bartles
Mozley Concentrator, Bartles Cross Bell Separator and Reicheri Cones
were developed. ) ) ’

The grade of ore mined and processed will depend upon a number of
factors, where lower grades ere treated in larger tonnages and rich
grades are treeted in lower tonnages. The mill feed grade at which a
mine can work profitably depends upon economies and investment policies..
Tactors which are vitel to the selection of ore grade include the
charscteristics, size and location of the deposit; financial mspects
such as investment requirements, available capital and the costs of’
borrowed capital; the mine costs depend upon the type of mining; the
development costs of all auxilliary services, like power supply, water,
and waste disposal; the amenability of ore treaiment, process flowsheet,
operating costs, concentrate grade and recoveries, by-product recoveries,
taxes, royalty payments, metal prices and concentrate value at mine
slte. :

Challenge;

Although’the Mozley, Cross Belt Separator and Reichert Cone can recover
particles in the range of 10 to 100 microns, the efficiency of these
separators is limited in the range of 10 to 20 microns and very poor for
particles in the range of O to 10 microns. The efficiency of flotation
is also poor in this range. Ressarch and development projects need to
place great emphasis on the development of a new technology or the’
modification of existing ones to tackle the problem of losses in the
slimes, i.e., the O to 20 micron size range. This problem exists in the
processing of all ores and minerals, not only tungsten ores, and poses

8 challenge to every research é&ientist.

STRESZCZENIE

Rao G.M., Satyanarayene K., 1987. Krytyczny przeglad metod przerdbki
rud wolframowych. Fizykochemiczne Problemy Minerelurgii 19; 183-193..

W pracy przedyskutowano problemy wystepujgce podczas wzbogacania
ubogich drobno rozproszonych rud wolframowych metodami wzbogacania gra-
witacyjnego 1 flotacji. Wskazano na potrzebe rozwoju odpowiednich tech-
nologii dla odzysku ziarn rudnych @ zakresie C-10 pum) metodami fizyecz-
nymi i delsze ulepszanie istniejgcych proceséw dla ziarn w zekresie
10-20 um.
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B ‘paGoTe o6Cy=®meEs IPOOJIEMH, BHCTYUAUMEE BO BpeMs OCOTameHnd Geli—
HHX ¥ MEJKO DACCeAHHHX BOJBLDPAMOBHY PYH METONAME I'DABHTAIMOHHOTO 060TE-
merma n @noramrm. Yrasada HeOCXOLUMOCTD Pa3BUTHAA COOTBETCTBOHHHX TEXHO-
Jorm# mif oforameHNs MEJKWX DYIHHX sepeH /B mpemede O-I10 mx/ Om3mueckn-
M MeToZamy W ranbHelimee yaydmeswe CYMECTBYUMEX IPONECCOB LI 3€DEH B
‘mpenese I0-20 Mk,
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