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¢ treatmant of tin ores is still performed mostly by gravity concentration. The
crent high price of tin demands that greater effarts yet be applied urgently to
prove the metallurgical and economic performance of tin concentrator
erations. |Recent developments in gravity concentration technology clearly
ow that significant improvements can be achievdd to existing plants, even for
of fine tin values, provided that the osses are not in a refractory
rmin the ore itself. The design of new gravity plz;rts using modern equipment,
sterials, good engineering and fabrication techniques can be substantially
re efficiant than in existing plants, and they g¢an be built with significant
onomies in capital and in operating costs. The treatment of lower grade ores
d the fuller utilisation of natural resources may|thus be possible and profits

he major factors which influence existing plant performance and cause poor
tallurgical results include ore variability : drilling|and blasting practices in the
ne. weaknesses in design, in the flowsheet a d in equipment selection;
in primary, secondary and regrind milis and insufficient process
ntrol, resylting in poor operations. Means for i proving the recovery of tin
d other economic benefits in existing plants and for new plants are discussed.
ecific features of new plant design, including recent new separation processes
d other equipment are briefly described. The rdle of on-stream analysis is
o mentioned.

t should be stressed that although of general interest. this article emphasises
ects of gravity concentration that relate to the Bolivian tin industry,

ERE have been significant develop-
nts in recept years in gravity separa-
technology, which is stll the
used for tin ore treat-

ring and
nferrous
are

new machines for the actual separa-
n of the valuable minerals, and in
¢r processing equipment has been
stantial also in engineering design
d the interpretation of metallurgical
cess requirements into a quantitative
wsheet; in| materials used for the
nufacture |of equipment; in the
plication of automatic control systems
of on-stream sensors, coupled with
ital mini-computers and in the

ion,
.

cepts

Many of these advances have been
"ploved in the design of large con-
Atrators of yp to 1500 ton/h capacity
the treatment of beach sands‘"
in large |plants for processing of
N ores and| of raw coal. To a very
: these new concepts have
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been intrdduced into smaller gravity
toncentrators including a number of
plants treating tin ores. There is con-
siderable scope for further implemen-
tation of these developments into tin
concentrators, and this paper will
attempt to review and comment on a
number of these topics, with the objec-
tive of providing an awareness of their
technical and economical potential.
Some concepts as yet untried or fully
proven arg¢ also discussed and these
may provide further stimulus for the
design, construction and operation of
new plantsi and toward the improve-
ments of existing gravity concentrators
and their operation in Bolivia. It is
suggested that improvements in actual
un recovery of § to 107/ may be
achieved and, in some instances, by
only modest capital investment. Clearly
the improvements in revenues and cash
flows that rhight be accomplished from
higher recovery, better concentrate
grade, more throughput or lower
operating costs, can only be established
from a careful and thorough study,
beginning with a diagnostic analysis of
the plant ¢perations, equipment and
personnel. The current high price of
tn, in excess of $5.00/lb at the time

of writing, could iusifyv cven b
tial capital investments, if necesoar, o
achieve an increase in tin recovery
57 or less. The bencficial cffects i
plant improvements on other aspects
such as ore reserves, cut-off grade,
mine life and the more efficient utili-a-
tion of natural resources, would also be
significant. Profitable operation of wl]
designed and operated plants using
available technology should also be pos-
sible at much lower tin prices.

Present tin concen-
trator performance
in Bolivia

In 1964, the metallurgical data
reported for 12 COMIBOL plants
were summarized as follows27) -

Combined

Feed Conc.

Grade Grade Recovery

% Sn Y Sn % Sn
Average  0.81 34.08 49.1
Range 0.54-1.84 19.97-57.5 27.3-65.7
Since 1964, significant improvements
have been made in most of those plants
and many have been expanded sub-
stantially and modified in various ways.
Over the past 13 years, ore grades
have declined, probably, in every
operation. In 1964 the average ore
grade of the Llallagua mine, for ex-
ample, was reportedly 0.54% tin and
at present is apparently about 0.35%.
Lower ore grades and the increasing
complexity and refractory character of
many of the ores have pur considerable
pressures upon the urgency for im-
provements in metallurgy from those
prevailing in 1964 and on the overall
economics of most operations. Profits
have been eroded by substantial in-
creases in operating costs over this
period for labour, operating and main-
tenance supplies, power and other ser-
vices. Without the higher price of tin,
many of the operations of COMIBOL,
as well as mines in the private sector,
would perhaps now be in serious finan-
cial difficulties or shut down. A
significant number of properties have,
however, continued t be profitable
only by mining of larger tonnages and
of lower grade ores.

It is recognised that many of the
Bolivian tin ores are complex and diffi-
cult to process efficiently and thar in
some instances improvements in tin
recovery and in maintaining or increas-
ing profits may be difficult to achieve.
It is understood that the technical and
management personnel in the tin indus-
ury are already actively engaged in and
are doing many things to improve the
profitability of their operations and to
enjoy more fully the economic benefits
of the current high price of tin. Hope-
fully, some of the information given
here will be of further assistance in this
regard.
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cncentrators

in  plant  design,

flowsheer and equipment.
t haUIag 4 Sliming in grinding and regrind
mills

,with le

5. Insbfficient process control and
poar overall operation,
6. Refractory tin constitucnts of the
ore.
. Drilling and Blasting Practices
The prpcesses of recovery of tin and
hher e€conomic minerals begin in the
hine and |are influenced by the mining
perations angi practices. Drillipg apd
eers Of tasting te¢chniques frequently give rise
o overbreakage of cassiterite and also
ology, t,oduce primary slimes and fines of
hther minerals. Possibly 2 to 3% of the
ES.
to

eopney

1SMISSig

in mineral, higher in some “instances,
mayv consequently be already too fine
n the mined ore to be effectively re-
overed ip the concentrator. Adjust-
ments to the drilling pattern, drill hole
_ izes, depths and spacings; quantities
te to f explogives used, detonation se-
. gguences arld other factors may be bene-
ex:2506 heial to plant operations. This may be
o= ossible  without incurring additional
“cg~gosts or problems in the mines and
Pamsadhay reduce overbreakage and the pro-
uction of slimes. Primary slimes of
ther mine¢rals, if not removed from
@he feed and treated separately or dis-
garded, may cause additional losses of
alues by their effect on pulp viscosity,
hich shquld be minimised in all
bhases of gravity separation.
. Variations in Ore Characteristics
Possibly |one of the major causes of
@ow tin recovery is the variable charac-
 fler of the ore, extracted from different
thiopes, levels and areas of the mine.
@l he mine |is usually concerned only
ith the production of a required toa-
(age of ore for the mill and of a spe-
@ific average grade. Rarely is any
Rttention paid to other ore characteris-
gcs which may influence plant opera-
00, procegs control and metallurgical
gcrformance. These characteristics in-
lude hardhess, amount and type of
Fssociated minerals, and the complexity
PO the tin-gangue associations; amount
g f sulphides and other critical mineral
onstituents); slimes and oxide contents
nd soluble| salts. It is recognised that
bre blending from underground is usu-
lly difficult or, in some instances, im-
possible, also that the working of many
0re stopes| and levels may be imprac-
1cal and more costly. Surface facili-
les for this purpose may be a simpler
[3¥7d more practical solution. Changes
1 ore characteristics are not always
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INTERNATIONAL

Representatives from tin-produc-
ing| and consuming countries
throughout the world met in
La 'Paz, Bolwia, from November
14-21, 1977 for a week-long
symposium on tin, in what was
reportedly one of the largest
gatherings concerned with the
metal. Some 80 papers of engi-
neefing and economic importance

were presented at the Bolivian
Ssymposium.
Al number of papers were

devoted to the econemics of tin
and|covered projections of supply,
demand and price, as well as the
problems of substitution and stock -

pili of tin. Technical papers
dealt with geology, exploration,
mining, beneficiation, smelting

and refining of tin.

——

TIN SYMPOSIUM
Bolivia is the second largest
tin-producing country in the

world and contains many mining
and metallurgy facilities, field trips
to some of the most important
being part of the programme.

This article is a condensed
version of one of the papers
presented at La Paz. It is hoped
that all of the technical papers
presented will be published for
international distribution both in
Spanish and English. Interested
parties should contact “The Inter-
national Tin Symposium®, Ministry
of Mining and Metallurgy, Avenida
16 de Julio No. 1769, Cajon
Postal, La Paz, Bolivia Q or:
Resource Exploration International,
131 West 69th Street, New York,
New York 10023, U.S.A.
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entirely| recognised by the mill opera-
tors, anF thus give rise to losses in pro-
duction, spillages, reduced recoveries
and poorer quality of concentrates.
3. Deficiencies in Plant Design,

Flowsheet and Equipment

Most plants, especially those which
have been in operation for a number of
years, have undergone numerous cir-
cuit modifications and additions since
they were built, in order to accommo-
date a series of progressive changes in
ore chaj'acteristics or the demand for
more throughput, to meet declining ore
grade and rising costs, developed often
from superficial metallurgical test work
in the laboratory or plant. Often the
original  flowsheets are not a correct
interpretation of the metallurgical pro-
cess requirements, and the original pro-
cess flowsheet and equipment may have
been deyeloped from testing either of
a single composite sample or of a non-
representative sample of the deposit. In
some in#tances equipment is old, too
small or'not properly maintained, and
this also creates problems of plant
operation and affects metallurgical per-
formance. Frequently, capital available
for the design and construction of a
plant is limited and unrealistic eco-
nomies are sought by management and
finance people to reduce capital costs
by, for gxample, simplifying the flow-
sheet, installing smaller process units
and not providing surge capacity be-
tween the various processing stages.
Ore processing metallurgists are rarely
determined or confident enough to re-
sist these superior orders. Where in-
creased throughput is required, feed
preparatipn equipment such as screens
and cyclones often become overloaded
if not replaced or supplemented by
larger or more units, and again the
separation processes suffer.

4. Sliming in Grinding and Regrind

Mills

The losses of tin from the plant are
usually highest in the slimes and fines
treatment sections of the plant. The
major portion of these losses arise from
overgrinding in primary, secondary or
regrind mills, wherein the brittle cassi-
terite is selectively broken and is often
present as free ultrafine particles in the
tailing. Little or no feed rare control,
poor sizing or classification ahead of
grinding and in the preparation of fced
ahead of a separation process may be
largely  responsible.  Selection and
operation of the grinding mills are also
frequently unsatisfactory. In some
plants regrinding of rougher concen-
trates, to liberate cassiterite from pyrite
and arsenopyrite, causks overgrinding
of cassiterite, which may then be
mechanically entrained and lost in the
froth in the subsequent flotation scpara-
tion of the sulphides, even after several
stages of cleaning.
S Insufficient Process Control and

Poor Plant Operation

The majority of gravity plants have
few, if any, instruments or process con-
trol devices. A weightometer for
measuring and recording plant ore feed
lonnages; automatic mechanical sam-
plers for cutting feed, concentrate and
tailing streams. ammeters for indicat-
ing crusher and ball mill amperes and
protective devices or malfunction
alarms on crusher lubrication systems
and ore conveyor emergency switches,

“and the like, are usually all the con-

trols that a plant possesses. There are
usually no means, other than visual or
manual, for providing informatdon
about the process variables such as pulp
flow rates, pulp densities, particle size
analyses and actual plant stream assays.
It is common practice to operate a
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an acweptable mechanioal or
hysica level, such that the process
aipment is not visibly overloaded or
) [idcrloded.and that there are no pulp
* lls or pipe blockages, etc. Little

'F.’r,'ous attention is paid generally 1o
;e correct operation of a plant from
he PTQCess requirement viewpoints.
ater additions are r.arely measured
e contrplled and middling productsv are
srely gonstant in  any ‘c.haracterxstxc
ich as volume, particle size, assay or
ulp depsity. _Surge capacity such as
Fgrge dewatering  classifiers, sumps,
tirred tanks or thlckcncr§ are not found
between the various unit pro-
esses and which would help control
ndependently the pulp and solids flows
ad opetation of each section. ~I‘“he fine
i section of the plant, in most
fed from a thickener under-

Eow volume or density adequately con-
b olled. There are substanual difficul-

nd acceptable concentrate grades in
t.:,c slimgs section of the plant, under
Jecal conditions of operation, burt this
invariably made more diffi-
e lack of control of the feed

gperators are mostly conscien-
interested in their work but
y lack training and sufficient
inderstanding  of their duties and
csponsibjlities. They are often not
ully aware of the basic requirements
nd purppses of the process and what
¢ various machines do or their func-
ons. This is not, incidentally, a crit-
ism of the Bolivian worker as it is
revalent in many countries and indus-

’ ies. Mining companies, for many
elr esa t bvious reasons, however, do tend to
1 I..lose' Ofteract a | relatively poorer quality of
Jging pbour. The increased involvement of

pbour in| the operation and develop-
vedaring fpent of 4 mining entity is considered
dtothe [ be mast important®®, There are
hany other factors which affect the
ttitudes |and interests of the mine
out, the hbour force® which should be fully

\g€ pointfecognised. Kay'™ has suggested that
perator dapabilities have not kept up
-~ ‘ Vith process technology and the sophis-
Bgemnl% cated equipment that is now available
€ worldg, . processing.
>nd on. - Refractary Constituents of the Ore
Refractory features of a number of
res inclyde finely disseminated or
losely asspciated cassiterite in gangue
Lr sulphides, and tin in forms other

d, Oregon an cassiterite. Clearly where refrac-
anada Uy tin mjnerals occur, they cannot be
France -onomically . recovered by gravity
Sil, Ohie. Processes gr even by conventional flo-
co, New 2Uon, : )

e. South There dpes not seem to be any data

“ailable which provides a quantita-
‘¢ breakdown of the form, associa-
s and liberation of the tin losses in

products of plants in
-January 1¢
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Boiviaand tor comparison, the form,
ssociaton and grain size distribution
of the tin minerals in the crushed ore
fed 1¢ the plant. This data would pro-
vide @ most valuable quantitative pic-
ture of how much overgrinding occurs,
just how effective are the recovery pro-
cesses'®®, and would show the amounts
and form of the refractory tin present.
This |article does not provide much
encoukagemem toward the treatment of
refractory tin ores, but it is not always
appartnt as to how much of the values
lost in the plant tailings are in fact
caused by the refractory nature of the
ores. It is suggested that this may be
shown to be much lower in many in-
stance than is assumed.

Improvements to
gravity plants

The scope and prospects for the
introduction of new process equipment,
additignal or different feed preparation
and auxiliary equipment, or for major
flowsheet changes in an existing plant
are excellent but may be somewhat
limited because of the physical layout
of the |plant and by space restrictions.
A thorough diagnosis should be made
first, of course, of the whole plant pro-
cess and equipment before any pro-
gram of test work and evaluation
is undertaken. Mining, marketing and
economic aspects which relate to or in-
fluence concentrator performance and
profitability would be included in that
study. (Changes or additions that may
be made would have to be fully justi-
fied in jeconomic as well as in practical
terms pnd their implementation and
success ' assured before they were actu-
ally m4de.

A process flowsheet is an integrated
system and the performance or effi-
ciency of each machine or section is
influenced by the processes and equip-
ment that precede it, and follow it,
where middling recycling is practised.
Changes in the mine and in the initial
stages oﬁ a process could therefore have
significant effects on subsequent sec-
tions of, the plant. These must be kept
in mind in the analysis of an opera-
tion. The aspects of a plant which
might give the quickest and most sig-
nificant improvements in recovery and
profitability may be, in order of
priority {

(1) Imptovement or expansion of ore
storage and blending facilities on
the surface ahead of processing;

(2) The installation of a thickener or
thickeners ahead of both the fine
sand and the slimes sections of the
plant, with effective control of
thickener underflows to the pro-
cess;; :

(3) The lintroduction of on-stream ana-
lysis ‘systems for continuous moni-
toring of each tailing stream, if

practgcal, and of the feed pulps to

each <. of the plant, pary
larly the fime ~ands and shimes. T i
introducticn of other key process
control or meacuring devices mav
also be advantageous;

(4) Improvements where possible 1o
the feed preparation systems ahead
of the separation processes, cspeci-
ally in the fine «and and <lmes
circuits;

(5) Improvements, as applicable, to
the primary grinding and regrind
units in an attempt to reduce over-

breakage.
The introduction of new process
e€quipment, such as spirals, cones,

Bartles-Mozley or Crossbelr separators
may be possible and these are discussed
briefly later, and elsewhere

The full cooperation of mil) man-
agement and senior company manage-.
ment in making the studies and changes
to the plant is important and the pro-
gramme should be initiated, supported
and directed with the involvement of
the plant and operations managers.
This is-essential 10 the success of the
project, as too often personal pride or
jealousy may prevent or limit the effec-
tiveness of the improvements that could
otherwise be made. Changes made in
a plant, with outsider assistance result-
ing in improved recovery may frequently
be interpreted as a reflection of the
incompetence or laziness of the mill
manager. This is not, of course, the arti-
tude or the assumption made by en-
lightened management or mature tech-
nical and operations staff and should
not be so construed or implied.

The training, understanding, co-
operation and involvement of the plant
labour force are also essential to any
programme of concentrator improve-
ment and this cannot be over-empha-
sised. Cooperation between the various
operations personnel and outside ser-
vices, manufacturers, and specialists
that may be used, is also of primary
importance,

Design of new
gravity concentrators

Traditionally, gravity plants and
other types of concentrators have been
designed mostly on the basis of indivi-
dual experience of one or a few persons
and the experiences of the local or at
best national industry. This can no
longer be justified or accepted and the
widest possible knowledge and exper-
lence available world wide must be
sought and fully utilised. The basis for
the design of a plant® is the testing of
representative ore samples, in the
laboratory and possibly also from full
or partial scale plant tests. Too
often the sample or samples tested do
not represent the orebody and insuffi-
cient consideration is given to the
variability of the ore. It is not unusual
that good samples are not available

37




L adeded for tesung and for the
anling of the cssenual phases of
k;[ Jasign. This is sometimes ex-
v the limitation of funds for
‘development tunnel 1o wcure
ulk samples or to inudeguate
.-t wime-tabling. Even where pro-
. }nan gement s aware of the impor-
'ff_e of | testing of adequate samples,
) { deposit may not permit the
ent of the mine and the open-
of too many levels or arcas of
ne|initially to get those samples.
ammples from the first sections of

JIbs
| able

selopment. Sufficient flexibility
"5ld b¢ built into the plant design
" wav ahd generous oversizing of key
-css, feed preparation and materials

C5S,

. ation lof test data is also important
. often| difficult to implement fully.

performed carefully, thoroughly and
Jer redlistic conditions. The rela-
i mong size distributions, tin
v end concentrate grades for
B .h proposed section of the process
¥ ould be| known from the test work.

imited, or unjustified—cer-
aller plants—but individual
sses such as grinding, classi-
ense media separation, cone,
tabling tests may be made,
are provided as a service
cquipment manufacturers, if not
ailable within the country.

unication

g Close communication and coopera-
'n between the exploration geologists,
rinc planning engineers, mineralogists,
oratory |and plant metallurgists and
fhers are important at different phases
the scheduling and execution of all
the metallurgical test work required
r development of the final process
Cwsheets. | Preliminary engineering
hd capital| cost estimates and economic
alvses may be made as the test work
kvelops. A thorough knowledge of the
pincralogy| of the orebody and its
friations, [important to the processes
d treatment of the ore, is also neces-
v befor¢ any serious test work is
dertakent®®. " A knowledge of the
fraracteristjcs of the plant products is
850 important to plant design.

Once the process flowsheet has been
cided, the final engineering design
_the plant can begin. Again, close
2150n is most important at this stage
°d as the| project progresses, among
"% process pnd plant merallurgists, mill
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manager and maintenance staff, mining
staff, the various design engineers,
cconoists, finance personnel, market-
ing staff and senior management. This
1s nedessary 1o ensure that the best
interptetation of the process flowsheet
is made and to give ultimately a prac-
tical and smooth operation and a plant
capable of efficient and economic treat-
ment pf the ore with minimal diffi-
culties| from start-up.

Cost consideratiens
The‘ control and minimisation of
capital cost is of course important and
several| trial lavouts and rough cost
estimajes may be needed, but may only
be justifiable for plants of about 1000
ton/day or more capacity. Examples
may 1nclude a comparison of single
deck with triple deck tables or of the
layout |of spirals versus shaking tables
for coarse sands or jigs versus dense
separation. Operating cost

piping and pumping systems for hand-
i e products. For coarse sand
however single deck tables
may be more efficient and give higher
recoveries. Installed cost comparisons
and metallurgical performance between
similar machines of different manufac-
ture may also be made and available
technicdl services, parts costs, ease of
maintenance and operation, also consi-
dered in the selection of equipment
Initial ¢ost should not be the major
factor in the selection of process or
other equipment.

Minimisation of capital costs, while
important, because of the obvious
financial constraints that are usually
imposed, should not be made however
at the expense of the metallurgical effi-
ciency dr adequacy of the overall de-
sign. erating costs are especially
important now with the present world
inflationary trends and should be pro-
perly recognised in the design phases
of the plant. With the high price of
tin, it can be readily shown that sub-
stantial capital expenditure and more
sophisticated design of a plant can be
justified fto achieve the highest practical
economi¢ recovery into a product or
productsj of good markerable grade and
quality. |An economic model relating,
for example capital costs, operating
costs, estimated recoveries and concen-
trate grades for several sizes and design
layouts of plant can probably be justi-
fied, butlonly for larger plants, to focus
on and e$tablish the optimum combina-
tion for a given orebody and grade of
ore. A more comprehensive economic
model, incorporating the major para-

Meters  for —ousiaviny LW 1o
also be madc for the project overs:)
to include also the mine, ore grooie,
metal price and for different meihoJs
of financing, etc.

Some seemingly minor aspects of
new plant design may perhaps be
ignored for the present in Bolivia, but
they could be important later or even
now in some cases, and should be in-
corporated into the design. These in-
clude conservation of power and
energy requirements; ecological con-
trol, such as from pollution from plant
effluents, and minimisation of labour
required for operation and maintenance
purposes. Smaller capacity plants can-
not justify usually the costs of these
engineering studies and are designed
to ensure maximum operational fexi-
bility based on sound test work, with
the equipment generously oversized.

Two aspects of ore blending and
storage may be considered where regu-
lar methods cannot be applied. Firstly,
the recycling of the major part of the
crushed feed back to the fine ore bins,
in order to minimise size segregation
and variation in the plant feed 3. A
fixed part of the crushed feed as re-
quired may be cut from the bin feed
belt, using a rotary type sample splitter
and fed by conveyor into the process-
ing plant. The remainder would be
recirculated back into the fine ore bins
using two conveyors designed and in-
stalled in a scissor-type arrangement.
The second possibility is to screen the
crushed ore into separate bins for stor-
age and blending purposes and to feed
each size of material independently into
the plant. This would allow better con-
trol of the size make-up of the feed into
the plant and could be realistic perhaps
for a concentrator where jigs are used
for preconcentration of the ore, and
where the different sized feeds enter
different jigs arranged in parallel. The
advantage would be that the jigs would
perform more efficiently with a more
controlled feed compared with the cur-
rent practice of preparing the tota) feed
from the fine ore bins, ahead of the
jigs, by wet screening and regulating
only the total feel tonnage to the wet
screen. By this practice, variations in
the size disuribution of the crushed
ore, which will occur as the bin is
emptied or filled will be reduced, with
consequent beneficial effects on jig per-
formance and also provide a more uni-
form feed to the rest of the plant.

Wet crushing plants offer a number
of advantages over the conventional
practices'®®. A wet crushing plant may
involve wet screening, or scrubbing in
a drum type vessel, of primary crushed
product, 1o remove primary slimes and
fines. Those fines (— lin) may be de-
watered by further screening or spiral
classifier and the coarse product (+48
or 65 mesh) added to the final crushed
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. it may  then  be
(h.ckened, with or without cycloning,
yid fed from there to a separate sec-
.on of the plant for tin recovery. The
_-rubbad coarse ore may be further wet
reened after the secondary crushing
<age and those fines added also to the
srimary fines system, but usually this
is not necessary. The crushers them-
«clves would be of the conventional jaw
and come types. Dusting would be eli-
minated and hence the nced for a dust
collection  system.  Primary clays,
oxides,|and other gangue fines, which
may create crushing and handling difh-
culties |would be isolated and elimi-
nated darly from the crushing system.
Soluble| salts would also be removed,
if present, from the main process plant.

The top size of run-of-mine ore must
be known or estimated, of course, for
the crushing plant to be designed. The
optimum top size of the mine ore
would perhaps be determined finally
however only after the plant and mine
are in production. The costs of break-
age of |the ore during mining and in
transferring it, through ore passes,
pocketsy loaders and transport system
into thel mine ore bins, would be com-
pared with the costs of crushing of the
ore from coarser or finer sizes. The
aspects | of overbreakage of mineral
values Have already been discussed and
should also be considered here. This
would probably favour overall, that
most ofe breakage take place in the
crushing plant, provided the mining
system and-equipment could effectively
handle the coarsest size of ore.

As the grinding sections of the plant
are likely to contribute substantially to
the losses in the slimes through over-
breakage, careful attention must be
given 1d this in the design stage. Slow
speed sHort length ball mills with grate
discharge for primary grinding have
been successfully employed. Removal
of fines phead of the mill is also impor-
tant by juse of a stationary wedge wire
screen, pr a multifeed point vibrating
screen, Wwith polyurethane wedge wire
surfaces| Grinding mills are not em-
ployed to reduce the size of the ore
per se \but to bring about effective
liberation of the tin mineral with mini-
mal overbreakage of the free values or
of free | gangue. This is not always
understgod by design engineers or
equipment manufacturers in particular,

Too often one mill only is included
in the flowsheet and the ore ground, in
closed circuit, to the fineness necessary
W liberate all values. The primary
circuit may include a unit jig or scalp-
ing table to recover liberated values in
the mil discharge. Several stages of
erinding| can be economically justified
if the oge mineralogy and tin distribu-
tion so require them. Insufficient atten-
tion is given also to liner contour or
to the cpntrol of ball size and volume
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of the viimes e s, Suzing of
the primary feed and grinding in
separate mills of diffcrent diameters
and with different ball charges might
be justified in some instances. It is not
acceptable from a process viewpoint to
select a mill simply on a horscpower
basis and leave the mill dimension and
specifications to the design engineers to
decide. Large mill circulating loads,
through a screen, should be provided
for the design and varizble speed
mills| can be installed, to allow for extra
flexibility with regard to throughput
For the present at least the equipment
industry has nothing better to offer for

The provision of an adequate and
flexible pumping system including good
and pump box design, to trans-
port |the feeds and products to subse-
quent stages of the process are impor-
tant to good design. An effective and
reliable pulp distribution system to feed
individual tables, spirals and cones
in their respective sections is also criti-
e removal of any and all foreign
matter from the ore and pulp streams
and also from fresh and recycled pro-
ater supplies is important. Spray
to screens and wash water to

is even greater than for existing
plants, as the design can be arranged
bettet to accommodate the sensors,
measuring and recording devices and
the niini-computers which may be inte-

NS RN Dat o oche past s
vears or so, mure rcliable sensors and
solid state contrellers have beoome
available and mini-computers of the
digital tvpe have beccome more com-
pact and dependable and are of rela-
tively low price # 37,

Good basic process data must be
measured and recorded to provide in-
formation for plant operation and
records and for analvsis for muanage-
ment and for plant diagnostic sudies.
On-stream analysis c¢ven for small
plants, at least of feed and tailing
streams is considered to be essential
and unquestionably can be justified in
real economic terms.

With the technology now available
and used properly very much more
efficient operations can be achieved in
gravity concentrators and these can
help hold down capital costs and oper-
ating costs and in many instances per-
mit the economic exploitation of what
were previously uneconomic or mar-
ginal deposits. Profits should also be
possible in well designed and operated
plants even with much lower tin prices
than those currently being enjoved.

Equipment advances

Developments in separation and
other process equipment are outlined
briefly below, together with interesting
factors relating to the fabrication and
materials now used. Some aspects of
process control systems are also given
which should have immediate econo- -
mic application to the processing of
Bolivian tin ores, as well as of tungsten
and other heavy minerals concentrated
by gravity processes. Other data are
given (references 2, 9, 19, 34).
IHC—]Jig. THC has developed an
improved jigging cycle where the bed

grated with them. A more logical and motion is of a sawtooth profile with a
suitable overall control system can also rapid upward stroke and a slow down-
be designed more effectively and sim- ward stroke. The mechanisms deve-
ply for a new plant. Early experiences loped to provide this stroke pattern are
with | process control systems were mechanical, mechanical-hydraulic or
Water spray
Pressurising .~ Scanning cabinet Feeders
fan Slide plate = T
Stabiliser |
Blast 4
assdmbly Blast e or ‘
manifold ,
|
Q
g g
l |
L |
, s IS v S——— R
2800 - 6900mm 3300 - ’
- 13000mm - [ — ::l

!
The rmodel 16 photometric sorter from Ore Sorters Ltd.

Fields{ (alt dimensions in mm).

(Rio Tinto and Gold
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The mechanism

. The THC jigs use considerably
and little or no hutch

Dyna| Whirlpool Process (DWP).
ain types of dense media separa-

The Dyna Whirlpool process was deve-
loped |originally for coal washing but
has since found extensive actual and
potentjal applications in the treatment
of non-metallic minerals, such as fluor-
spar, and more recently for the precon-
centration of base metal ores, tin and
tungsten ores, and various coarse tail-
ing and waste piles, containing a
variety of economic mineral values. Re-
portedly, a two-stage DWP plant will
be installed shortly in Bolivia for pre-
concentration of a tungsten ore.

prepared feed, up tw 25 to
top size, containing particles
possibly down to about 20 mesh, is fed
i he top of the DWP vessel, to-
gether|with some of the heavy medium,
usually fine magnetite or ferrosilicon or
a mixture of the two, according to the
density of medium required for opti-
mum économic separation. The centri-
fugal forces generated by the medium,
which |is pumped tangentially into the
vessel through an inlet pipe near the
lower end of the separaror, cause the
heavy \mineral particles to be forced
towards the wall of the vessel, and

these are removed as the “sink” pro-
duct through a tangential pipe located
near the top of the cylindrical section,
together with a portion of the medium.

The|light minerals are carried down-
wards | in the inner section of the
separator and are discharged at the

bottom of the vessel, also with medium,
as the|“float” product.

In the treatment of ores containing
high value minerals, such as tin and

an, it is considered advisable to
wo-stage DW'P system, wherein
ailing product from the first
separator vessel is retreated in the
second| DWP unit. This arrangement
protects the operation from serious
losses of values into the float product,
"through poor operation, such as a high
density medium or a medium with tem-
porary| high viscosity or from poorly
prepared feed, for examples.

Photo Sorting.  Where water
may be in short supply or where differ-
tnces fn density between the mineral-
1sed rogk and wall rock ire neg suthotent

R

Distributor

"'ﬁL Universal adapter base
::l e Double
- . cone

Concentrate
collector
nng

Spreader
adapter

Concentrate tail

stage configuration comprising a double
and |a single cone. (Mineral Deposits
Ltd., Australia).

Reic#er’t cone concentrator. Typical

to ploy dense medium separation,
applications may exist for colorimeter
sorting. Sophisticated systems are
available from Ore Sorters Ltd. ¢
and  from Gunsons Sortex‘??’, and the
most economic applications are where
either the gangue or the economic
ming¢rals are essentially liberated at
sizeg coarser than } in (12 mm).

e model 16 photometric sorter of
Ore |Sorters Ltd. comprises a surge bin
into| which the crushed and screened
ore is deposited. A primary vibratory
feeder transports the rock pieces to a
secopdary feeder, where, after spray
washing to enhance reflectivity, the
material is transferred onto a slow
speed flat conveyor, where the ore
pieces are scanned optically, every 2
mmy by a laser-rotating mirror-photo-
multiplier assembly. The photomulti-
plier signals the reflectance level of
each| rock piece to an electronic pro-
cessor which computes the size and
position and decides whether to accept
or ré¢ject the particle. Beyond the scan-
ning| zone, and at the end of the
conveyor, the rock pieces pass over an
air blast manifold connected through
soledoid valves to a high pressure
(700 kPA) air supply. The electronic
processor activates the appropriate air
valvis to divert the selected rock pieces
out of their normal fall trajectory onto
a separate conveyor. The model 16
Photometric Sorter is illustrated.
Reichert Cone Concentrator. The
Reichert concentrator was developed in
Australia by Mineral Deposits Ltd. as
a high capacity, preconcentration de-
vice, as well as for secondary and ter-
tiare upgrading. for the ~ economic

'

separation of rutile, zircon and ilmenite —
from beach sands‘?, This is a separa-
tor of the flowing film type related two £
the pinched sluice concentrator and has
been applied successfully in the mineral’
sand industry in Australia in plants of L
up to 1500 ton/h capacity. Other suc-;
cessful and more recent applications
have been in the preconcentration of ¢
tin ores in grinding circuits, scaveng-
ing of uranium and zirconium minerals
from flotation tailing and in the concen- U
tration of a magnetite ore!'". 16,18, 19:
Material in the size range of about
1 mm down to 270 mesh can be effec- E
tively upgraded, but in some instances
the size range can be extended from
3 mm down to 30 microns. 1
The basic separation unit in the cone
concentrator is an inward sloping (17 "
cone of 2 m diameter made of fibre-, C
glass. Single and double cones are used
and a number of units are assembled
into a single concentrator assembly, and L
with a configuration best suited to the
material to be treated and the particu-
lar application. A typical stage conti-’
guration is illustrated. Two other con-.
figurations, of the many available sys- L__
tems, incorporated into complete cone
units are shown (p. 43). Aust
Bartles-Mozley Table and Bartles’ atten
Cross Belt Separator. The greatest need’ Cata
in gravity treatment of fine mineral T
particles of below about 30 microns has s
been for an efficient, high capacity ma-’ comt
chine that is relatively inexpensive and on 2
simple to operate and control. Som‘:»acma
success has been achieved by the .o d
Bartles-Mozley Table, which has been midd
described in various papers‘®’ and there '
are already a number of units installed Proce
in various plants in Bolivia. The Cross{mm],
Belt separator (Mining Mag., Decem- conts

ber 1977, p. 631) which is basically‘_.xmpl

a development of the Vanner, using the
Bartles-Mozley Table drive mechan-
ism is capable of handling deslimed
feed in the size range of about §

Hhelp
and
.<iren,
T In

100 microns. This machine has alsc
been described elsewhere'?. ‘vacu
Other eguipment and '
fabrication materials .

% .
There have been numerous new ©f sl

developments in other process equip-
ment, and in materials used for thel
manufacture. Mobile crushers assem-
bled in modular units are available
incorporating small surge bins, feeders
primary and secondary crushers, screef
and conveyors, built, to suit a particuld’
application, into one or more mobil
modules.

Resin bonded fibreglass is being uset c
ila

for shaking table decks as well as fo°
spiral and cone concentrator surface
and for BM Table decks. Polyurethan
is finding many uses where light weigh
and/or abrasion resistance are import
ant. The ERWO grinding mill witf
spiral liner confoury ~ Jeveloped
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e Reichert cone
’23 concentrator
= .—-/' arrangements.
L‘ Conc.1 A. Internal flow
e S configuration type
___)J 4DS. B. Internal

flow configuration
type 2DS DSS.

/\D‘D (Mineral Deposits

_’/;:J Ltd.).

Conc.3

'.\ustria has attracted considerable
tattention and a unijt is being tested at
yCatavi, Bolivia.
as? The application
xOl’ semi- -autogenou
; tcomminution of tin
qe O 2 pilot scale but
he Hactual plant size n
nbor dry vibratory m
|m1ddlmg products g

ol

of dry autogenous
5 grinding to the
ores has been tested
there have been no
nills installed. Wet
ills for grinding of
r of low grade con-
further upgrading
been applied appa-
rocessing, but with
and the vibration
y ball milling could
nding of cassiterite
nerals, in middling
grading of rougher

prokgsses have not
fently to tin ore P
v fontrol of ball size
ot «dmplitudes, vibrator
,hdp reduce overgri
yand other brittle m
sSircuits and for up
0 40 intermediate coné
here are a nu
Vacuum filters offer
feadijy applltd o d
and of fine tin con¢
since thev contain o

mber of belt type
ed which could be
ewatering of coarse
rentrates, especially
of ly limited amounts

slimes. New devices for thickening
L’nlmv and middling products or

cehtrates include) the Lamella thick-
nviro-Clear thick-

T > Wyssmont wrbo- drver is a mul-
Pl tray ‘machine for handling especi-
ine tin concentrates and a variety
'“mr fine products and chemicals,
Minimal or negligible dust losses.

[P

u“ -Stream analysis
ang computer centrol

in Cornwall *

X-ray fluorescence and gamma-ray
sensors for mopitoring the tin and
solids contents of the three plant tailing
streams (coarse
slimes) and for the three primary mill
feed streams. This system has proved
to be sufhcientl
assays of tailin
discontinued and| similar action regard-
ing feed assays

sands, finc sands and

reliable that regular
streams have been

ill shortly be taken.

Conclusions

The scope
gravity concent
existing plants a
plants is extensive. There can be little
doubt that there| is a great deal that
might be achieve
be pursued urgently.

or improvement In
tor performance in
in the design of new

; this can and should
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