CHAPTER 12
BENEFICIATION OF BAUXITE

The actual beneficiatiocn processes adopted are deter= '
mined by the nature and physical properties of ores and ga-
ngue minerals, their mode of association with each other, I
the method of exploiting the deposit and the end-use of the
beneficiated product, In small-scale mining operations,
selective mining is supplemented by hand sorting whereby
ferruginous or siliceous impurities like laterite, quartz,
etc, are separated from bauxite with the help of rnegascopic_
characteristics like colour, texture, speciflc gravity, etcs
In large-scale mechanised mining, the upgradation of r,o.m.
ore by simple manual dressing, sorting, screening and washing
is not practicable, In such cases, mechanical beneficiation
of the ro.o,m, bauxite becomes inevitable particularly when
the ore b ly is mixed up with deleterious conétituents.; The
mechanical beneficiation methods for upgrading such bauxite .-
can only be effective if the impurities are easily liberated
from the ore by comminution. Metallurgical grade bauxites -
are beneficiated by mechanical screening and washings

The beneficiation tgchniques that are employed in India
and some important bauxite producing countries are not effew
ctive in beneficiating marginal or sub-marginal grade ores in
which iron, kaolinitic clay and titanium minerals ‘are finely
dispersed in the crystal lattice of bauxite minerals, Although
considerable research has been and is being carried out in
various countries to develop method for beneficiating such
ores, none of the physical or chemical processes tried so fal‘
on a laboratory-scale has been found to be commercially ¥iable,

12,1 BAUXITE BENEFICIATION IN INDIA

The bauxite production of most of the operative mines
in India is not so high as to require a capital-intensive
beneficiation plant for up-grading of the run~of-mi:~2 vwoduct
economically to meet the grade and size requirr.cr.nts of the
various consuming industries like chemical, . .fractory, abrasive
and metallurgical industries, However, what srer may be tl.2
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production- status of the mines, the run-of-mine bsuxite
has to be upgraded and/or prepared to make it Ceapatchable
to the consuming industries, The various steps taken to

improve upeon the grade of the run-of-mine bauxite in the .
country are as follows te

(1) Manual breszking, dressing and sorting
with or without screening
(2) Mechanised crushing

(3) Mechanised dry screening.

12,1.1 Manual breaking and sorting

The predominant deleteriogs constituents like silica
and iron which are normmally presént in the form of soft and
finely divided clay minerals or iron mineral like limonite ;
are considerably reduced in the run-of mine product by manual
breaking and sorting of bauxite lumps that can be conveniently
picked out by hand. The maximum size of such lumps hardly
exceeds 200 mm, The left over finer fractions containing
bauxite pieces which cannot be effectively sorted out by hand
are thrown out into the reject dumps since they, as a whole,
contain more silica and iron compared to the sorted out lumpy
fractions. With the exception of fef mines, all the bauxite:
mines in the country practice manual breaking and sorting,

In order to improve upon the recovery, the bauxite pleces upto
& minimum size of 10 to 25 mm, which otherwise will be thrown
out as rejects along with more fines materials,' are recovered
in some mines by the use of either fork-type hand shovels
having 10 to 25 mm gap between the prongs or stationary
inclined screens made of weld-wire fabric with 12 mm openings,
These screens are occasionally made use of at the railway
sidings where the quality of the residual stacks after Prow
gressive loading of the lumpy fractions is required to be
improved upon by screening out the finer fractions containing
high silica and iron as rejects,

12,1,2 Mechanised crushing

The sizing of the run-of-mine bauxite by manual breake
ing 1g possible as long as the daily productior target is
not high., In mechanised mining, the daily production is so
high that the installation of mechanised crusher becomes
necessary to prepare the bauxite before it 1s despatched to

the destination.




12,1.3 Mechanised ¢ry screening

The highly mechanised mine where the daily product;
ion is high, fails to meet with the grade requirements of
the captive plant because of too much dilution by laterite
and clay during the course of mechanised working, Wet
screening, tumbling, attrition scrubbing followed by wet
screening would be the most effective method for improving
the grade of bauxite required by the plant, In areas where
there is scarcity of water for wet screening, dry screening
method has to be adopted. The dry screening method adopted
in & mine is described here, The run-of-mine bauxite is
tipped on ®o .a vibrating grizzly feeder having 159 mm square
openings The oversize fraction of the run-of-mine ore will
pass on to the crusher grizzly having 600 mm Square opening
for regulating the feed to the crusher., The crushed product
is stored in bunkers, fer direct loading and despatching,
The under size from the vibrating grizzly feeder will be
subjected to dry screening on a single deck vibrating screen
of 25 mm opening, The undersize from this 'vibrating screen
will be conveyed to the Trejection dump, The plus 25 mm
fraction will move slowly over 1000 mm wide slow moving
picking belt before being discharged ?.n‘b:o another belt
terminating at the movable cross conveyor which will finally
deliver it to the storage bunkers for later use, The slow
moving picking belt is meant for separating laterite pieceg
from bauxite by hand picking,

In addition to the above methods high intensity
magnetic separation and flotation are 8lso practised for
beneficiating bauxite, 1In flotation preliminary treatment
often consists of a wash=-scrubbing which leads to the discard
of substantial amount of alumina rich tailing, This can be

treated after a comparatively coarse grind and desliming with

an 800 series collector in acid (sulphuric) circuit, with
fuel oil to aid froth stabilization, Where the concentrate
thus produced carries iron or titanium minerals, tabling
or high intensity magnetic Sseparation has been used for
final cleaning, . ‘
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12,2 BAUXITE BENEFICIATION ABROAD

In most foreign countries the r,o.m, bauxit: is
subjected to suitable mineral dressing operations before
being despatched to the consuming industries, The various
processes used (apart from crushing which forms the first
stage in all the flowsheets) are

.1) Screening, scrubbing and washing
2) Magnetic separation, and
3) Drying and calcining,

12,2,1 Screening, scrubbing and washing

Nodular bauxites associated with kaolinite clays
are amenable to beneficiation by these processes, The
bauxite is crushed in one or more stages by jaw crushers
tu liberate the bauxite nodules, The crushed bauxite is
then freed from.the adhering sand and clay by screening,
scrubbing and/or wasﬁing according to a suitably designed
flowsheet, Bauxites of Australia, Guyana, Indonesia,
Surinam and Rumania are beneficiated in this manner to
produce high-alumina (50 to 60 peréen*i: %1203) and lowWe

'4 .

silica bauxites for metallurgical use °

The flowsheet used for beneficiating bauxite
wet screening at a large beneficiation plant is shown

in Fid.12,1. The r,o.m. ore is reclaimed by épron feeders

from the stockpile and is passed' through hammer mills to
break up large lumps of cemented bauxite, It is then
fed to a vibrating grizzly with 75 mm bar spacing. The
oversize material is crushed in an impact crusher and
conveyed along with the grizzly undersize material to
triple deck primary screens, The top deck (19mm
aperture) is used to disperse the ore with water and to

scalp off the +19mp material which is fed to a wood removal

sCcreen. The oversize comprising of wooden material is
rejected whereas the undersize is sent back to the Impact
crusher, The «19mm material is further washed on the
middle deck (3 mm aperture) which carries most of the

load. The undersize from the bottom deck (0.5 mm aperture)

goes directly to the tailings sump., The intermediate

GEeE

S
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products (i.es = 19 to. 43 mm and =3 to +0.5 mn fractions)
are separately fed to double deck secondary screens fitted
with 3 mm and 0,5 mm aperture wire cloths for figal washing,
sl imes removal and drainage. The feed analyses to 30 to 50
percent A1203and 10-32 percent 8102 while the =19 to 0,5 mm
washed product contains 52,3 percent Al?_o3 and 2,4 percent
silicéz; The low moisture content (12 percent) and the
prepanderance of coarse pissolites in the washed product
imparts good material handling properties to it

When the bauxilte from another source was treated
according to the same flowsheet, it yielded wet and sticky
product with a large proportion of adhesive fines, a soiter
layer on the pisolites and a higher internal moisture content,
Consequently, the flowsheet was modified by substituting 3,6
mm and 1.3 mm aperture screens for the middle and bottom decks
of  the primary triple deck screens, replacing the doible deck
secondary screens by single deck low head 1,25 mm aperture
wedge wire screens- and using 30 percent more wash water: A
set of 69 cm hydrocylones and a pair of 0,3 mm apertuve.

1.8 m wide x 203 cm radius wedge wire sieve bends were installed

to recover =1,3 to +0.3 mm saleable bauxite from the «1,3 mm
undersize from the primary and secondary screens. A centrie
fuge was installed for final dewatering of this material4f\

The flowsheet of a typical bauxite beneficiation
plant designed to eliminate silica from selected mine ore by

scrubb.ng in trommels followed by processing in a rake classi-
fier andé wet screening is shown1 in- Fige 12,2 .

12,2,2 Magnetic separation

Beneficiation by magnetic elimination of iron is
practiced on a limited scale, primarily on ore consumed in
abrasive and refractory industries! The bauxite is usually
dried or calcined before magnetic separation because the
heating converts siderite (FeCO3) to magnetite (Fe3ﬂ4);
leaves pyrite (Pesz) as a magnetic residue and makes hematite
(Fe203) and other magnetic minerals strongly magnetic,
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In one mine in Arkansas, U.S.A., r.,0.m, bauxite
averaging 10 percent Fe,0, is crushed to =25 mm and calcined
in a rotary kiln. The retention time in the kiln with
fire box temperature maintained at about 1426°¢c is
40 minutes, The calcined bauxiite is permeated with natural
gas (a reduci'n.j agent) 42 re';ard the oxidation of iron
cxlde as it is discharged from the kiln. The calcined
bauxite is cooled in a tube type cooler and crushed and
screened to =5 mm size before being fed to a two-roll,.
high intensity induction magnetic separator, The none
mag:r etic product is abrasive grade bauxite, About 2,0 to
2,5 tons of dry bauxite is required to produce one ton
of abrasive grade bauxitel. The magnetic. fraction analyses
44,5 percent Alz°3' 5 percent Si10,, 45 percent analyses
44,5 percent A1203, 5 percent '1‘:102 and 1 percent L,0.X.

12,2,3 Drying and calcining

(1) Drying - Bauxites with 5 to 25 percent moisture
content is subjec'ted Yo drying when they are to be transported
over appreciasble distances . The drying is done by passing
the bauxite (~25 mm size) through an 0il or natural gas
fired rotary kiln rotating at 1 or 2 rpm and inclined at
1 in 10 to 1 in 12 towards the discharge end, The diameter
and length of the kiln may be around 1,8 to 2.4 m and
18 to 45 m respectively, The retention time of the bauxite
within the kiln varies from 15 to 40 minutes depending
upon the kiln size and the nature of bauxite pfocessed.
Temperatures within the kiln are limited to 593°C, to
ensure that partial calcination (which reduces the solubie
lity of the alumina hydrate in Bayer Process) does not
occurl. The moisture content of dried bauxites is usually
less than 3 percent although as much as 15 perceft moisture
is retained in case of Jamaican and Haitan bauxites to
prevent generation of dust during tranSpO‘.’.'{‘: o

(2) Calcining s Bauxites intended for abrasive and
refractory industries are calcined at 930 to 1590°C to
reduce volatile matter including chemically combined water
to less than one percent, Calcining kilns have a slope of
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i in 24 and are lined with alumina bricks, The ore remains
in the kiln for 1 to 1% hours, On an average 2 tons of
crude bauxite is required to produce 1 ton of calcined
product, The hot calcined ore is cooled in a rotary kiln
partly immersed in water or equipped with a water spray

and then stoved under coverl. A 45 tph calcining kiln

commissioned ; in Guyana is 94 m long and incor-
porates a dual drive system, a variable flame burner and
6

a Cottrell Cooling system .

12,3 RESEARCH ACI'IVITIES ON BAUXITE BENEFICIATION

12,3,1 Research in India

Research in_India is aimed at beneficiation of four
types of bauxifésvbe viz,, (1) high-silica bauxites which
cannot be directly used in the Bayer Process because the
silica ratio (i.e. Al,0, 3 5102) is less than 9, (2) high-
iron love-alumina bauxites, (3) high-silica, high-iron
bauxites and (4) high-calcium abrasive grade bauxites,

Indian Bureau of Mines has carried cut detailed bene-
ficiation investigations on a large number of samples of
Indian bauxites. The results of the investigations, and
the beneficiation methods adopted are given in table Nosl12,1.

_ % economic evaluation of the more promising
‘processes on a pilot scale will be necessary before they
are - actually tried out in the mines on commercial scale,

12,3,2 Research sbroad

Research in foreign countries has been directed at
developing suitable techniques for (1) separating silica
occurring in intimate association with the bauxite in
order to increase the silica ratio (a1,0, s si0,) to
make the. ore suitable for metal industry, (2) removal
gf iron oxides from bauxite, and (3) upgrading of high-
iron high-silica low grade bauxites,

Separation of silica occurring in intimate association

with bauxite = The laboratory procedures for separation
of finely disseminated silica minerals call for selective

flotation of the different ore and gangue minerals liberated
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by stage grinding to fine size, They are not commercially
viable at present,

Removal of iron oxides from bauxite « The methods

investigated for the removal of iron oxides fell into

four broad groups, viz.{i) acid leachirg, (ii) selective
chlorinaticn (iii} recovery of high alumina slags, anc

(iv) physical metnoc¢s like flotation and magnetic separatiOng.
Cf these the last ramed i.e., magnetic separation has found
limited epplication for bencficiation of high iron abrasive
and refractory grade bauxites, In actual practice the
magnetically separated rejects contain 44,5 percent A1203.
Although a part of the Al,04 can be recovered by light
grinding and magnetic ceparation, It cannot e used in Bayer
Process because of the high temperature calcination which
precedes the initial magnetic separation, It is clso un-
suitable for use in the manufactureof abrasives because the
alurira particles are rendered too small by grircding, The
U.S. Bureau of Mines have .investigated this problem during
the seconé Worlcé War énd developed a modified process for
magnetic beneficiation of abrasive grade bauxites in which
an upgraded metal grade bauxite is recovered fror the
magnetic material separated from the abrasive grade bauxite,
In this process high=-iron abrasive grade bauxite is sub=
jected to los temperature (450°C) reduction roasting followed
by high intensity magnetic separation. The non=megnetic
fraction is ‘pgraded bauxite, suitable for the manufacture
of abrasives. The magnetiec fraction is ground to =65 mesh
and then passed through a low intensity megnetic separator
to recover metal grade bauxite as the non-magnetic fraction.
The magnetic fraction is an iron concentrate ‘thich can be
used as a potential source of ironlo. The modified process
has however not come into commercial use as abrasive grade
bauxite was readily available to the American industry from
other sources at the end of Second World War,

Upgrading of high-silica hich-iron bauxites = The flow-
sheet developed in the U.S.S.R. for treating bauxite with 42,77
percent. A1203. 8,59 percent Sio2 and 19,96 vercent Fe203 and
obtaining a concentrate with 49,42 percent A1203, S.42 percent
$10, and 16,21 percent Fe,0y is shovn'lin Fig,12.3. The yields,
compositions and recoveries of various products indicated in
the flowsheet are given in Table 14+2 Thic flovshret has
not yet been tried out on a plant scale.
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