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ASSTRACT

As part of the United Yations Development Programme (UNIP) troject
entitled 'Improvement of building materials manufacture” (DB/CPR/8G/015), an
expert was sent by the United Yatioms Industrial Develotrment Crzanizaticon
{UKIZC), “he executing agency, Jor one month to Scockow, China, 4o iavestizats
the ccnditions and problems of kxaclin production at the Scockow Clay Company

{3CC), 2nd tc report on possible methods of improving the juality of oreducts

-

as well as raising the level of extracticn of kaolin “rom the devosiis.

The greatest problam at the 3CC 13 ithe heavily locculated nature o7 =he
clay slurry. Preliminary tests showed that excellent 4ispersion could bde
obtained which resulted in good seraration of the “ine impurities “rom “xe
clay. Tests by the exmert's Chinese counterwarts were still necessary 2cr Puir+hew

improving the troduct gquality.
Additional processes were zlso recommended such as alay dispersion by
chemical additives in the mixirg tanks, and “he introduction of a2 third stage

of cyclome classification in a centrifuge for separating very fine Impuritiss.







Chanpter ?age
TR D U T T 0 . s e et et e s tesocaasesasa-asasaassssasssnsosnansnnanas 5
TTNDINGS AND CONCLUSIONS et et v ensvncaasassrssasassransnansnans -

z. APPRATSAL AND CPRRAT I NS . it e teveranannsnsarsesssconsnssonnnsans 3
2

A, Mineral 20Dralsal....cuiceiiietiiiiiiietecenaaraatrasraonans
3. DProcessing flow sheet .. . i iiiinianne crernneosnnsnsanns hie
C. Dlant operation. . iiieiierriirnrnnernernnrriannncanacarannens 1z

D. ASSeSSMENL . uvetee toteorasosestonasscsssssnsossunsansossns 2
IT. SROPOSALS TOR MODIFICATICNS AND TEST S . ittt treriesveansorasnnes 14

A. Modifications *o the present processing plants............ 14

m -
- S R T R I A A SR AP



|93 000

-

Tayral
22T

PR R

R

Y idm iy

~

hig
:\—e o QoL 34h
e -
nrnsels

or

-

T AT T~
ZITRCIUCTICN
ncy, Was

agen

2X

2

rgznizalion 23

ion at <he

croduct

Py

acl

R

X

(D}

7 improving

!

heds o

et

1

—~
T

e ehelid

————

'
£
v

T

-
)
.

Jvera

235

)
1

ney, wnict

t age

unterzar

CO

&

pes

IR

aina

>

c

-

-
v

cvermnen

-

-

e

-

assoclatad ac

Zor

and

-

r 3ic

eg o

ining 2s

PRBISS SN

o

e
tn

o

and

nelp

e

e

dges

Wiz

CXno

2

~

B
2.3C

XTe

Y
-
~

e
er

™,
-
-
)

X

-2

Mg a




PTADINGS AND CCNCLUSICNS

™e Soochew clay deposits are o2 volcanic origin; thelr taotal clay

content i3 about £0% keclin, accampanied Ly 40% hallcysite.

o

The impur:iiies Inmclude varying quantiti=s of hydrous Jarric axide,

alunite, pyrite and gquartz. These are heavily 2locculated with the clays.

In tke water, impurities such as iron salis znd organic matarial
especially contribute to the heavy Plocculaticn of the nrocessing slurries.

Sooty carbon from smoke smission aggravates the problems of Zlocculation.

The nresent simple process of dispersion and classiZication Z2ils %o
liberate the clays from the Piner impurities. Only the coarser-gr-ained waste

is removed. Clays are therefore gelectively mined and ftreated In tatches of
different grades.
The most important requirement iz achieving zocd dispersion. A programme

of tests has been arrange=d “or this purpose. It Is possitle that selective

2]

dispersion or floceulation will provide an adecuate method of producing
improved clays. The present “1ow sheet may need *the addition of 2 further

stage of classification, or of centrifuging.

After dispersicon has been achieved, *esis car he carried out with 2ther
methods of processineg, including rarious iypes of flot .tion z2nd possihly magnetic
separation. None of these methods can be applied effectively until the

oroblems of dispersion have been mastered.

Jousekeeping in the prsocessing nlants should be improved. TUnprotected

iron needs o te removed in order Lo avoid contamination of the clays by rust.




Z. APDRATSAL AND QPIRATICNS

-

The overations o the 3oocchaw Clay Company are Lacated zbout 22 o west

~

o7 *he town of Sccchow. SCC mines abtout 150,000 icmnnes of zrude clay cer

=

-~

which yield apvroximately 130,200 tonnes of Tinished clay zroducts. Tour zrades

of clay are marketed on the baszis of chemical comrosition, z2s “ollows:

Percentage
1 10
A_203 Si >
Supergrade 37 b1
Yo. 1 grade 24 L3
Yo. 2 grade 35 49
¥o. 3 grade 3L 50

Yo other specificaticn “erms are normally used in rmarketing “he vroduct*s.
Main uses are for electrical insulators, sanitary ware ard refractories. The

clays are also used Tor Sillers, especially Zaor rubhber.

Cpen-cast mining was originally zarried out z2nd several 213 workings zarse
visible on the aills which contain “he deposits. Mining 15 now underground,
at a depth of 33 z below the surface. Develotment for 2 downward ex<ension
“o a depth of 58 m is under way. Mining is carried out with pneumatic picks
and the clay is dropped through loading chutes to “he haulage level which is
in the 2cotwall. Electric haulage is in 1 t tub cars, 12 cars *o the %rain,
Mining and loading produce 3.5 t per shift, There are *wo maia mining aress, “wo
mechanical processing plantz and one manual plant which produces zeveral
grades of finished clay by hand, breaking and scrting. The manual plant has
an output of 300-500 kz per worker nper shift, TIf it were estimated that the
manual nlant produces some 9,200 %o 17,200 4rv, .t 2an e zeen that the *wo

mechanical plants account Zor more than 20% of %otal zroduction.

The ore body appears to strike east-west, divpiag ncrth at about 45 degrees.
The ore overlies limestones of Permian age, but is covered by older Devonian
quartzite which has been thrust over the deposit. The ore body appears to be
volcanic in origin, and consists of flow-banded rhyolites, breccias and ccarse
to fine-grained tuffs. The more highly altered portions form the "industrial"

ore. They have lost most ¢? “the original rock structure and consist of
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irragular masses of clay, guartz, iron cxides and other secordary minerals,
ineluding 2lunite and zyrite. The distribution of “hese minerals seems
irregular and this may be due partly to the heterscgeneous volcanic orizin

and par+ly %o the disturbance associated with the thrust zmovement *that sushed
“he older rocks over the top o7 the ore. Some o the irsn oxides may zave
teen derived “rom the overlying aquartzite, but the alunite and pyrite are
sresumably of volcanic origin. Smell gquartities of organic material are alsc

present and contribute to the mineral complexities which make treatmeat and

s}

urification of the clay difficult.

A, Mineral aporaisal

The main valuable mineral constituents of the ore are kaolinite and
nalloysite. 9f the total clay content, kaolinite represents about o0% and
halloysite 40%. Montmorrillonite is said to be n»resent only in <race zuantities.
Iron oxide is present mainly as limonite, which either coats all other ainerals,
or forms larger masses which may be hard or soft. Irregular lenses of clay can
be quite free Pror. limonite and these form the highest grade material. Alunite
can form large aggregates, or can be irregularly disseminated. ?Pyrite seems
to be mostly present as fine grains disseminated through the tuff bands and nence
through their alteration products. The cre cut-o?f grade Is sald %to be about
2L% AL.0., eguivalent approximately to 507% clay. However, selective mining

273
iz said to nroduce an average grade of 30% clay or bvetter.

There was insufficient time during “he mission to examine the variability
of the ore in greater detail, but this would be desirable for future work.
The mining plan should contribute to greater constancy Ia the quality of the
zoncentrator fced. The current orinciple of operation is %o rely con selective
nining and to treat different grades of raw clay in batches according %o
customers’' requirements. This is necessitszted by the variability of the deposit
and by the inability of the oresent processing methods t¢ improve the iifferent

feed grades to any constant standards.

Srocessing of the deposit iz made more difficult than usual by “he aigh
oopertion of nalloysite. Most commercially worked devosits of good quality
material contain kaolinite as 20% or more of the total clay content. The less

well-ordered structure of nalloysite, as compared with kaolinite, causes




stronger surface Interactions with hydrous ferric oxide and with orzanic matter.

As a rasul%, this mixture is difficult to disperse and shows high visccsity.

In the present production practice it is usually not possible to raise
the solids content of process slurries higher than about 13-15%. This
reduces the throughput capacity and raises the costs of water handling and

removal per tonne of product.

These mineralogical difficulties are aggravated by %the amount of iron
salts and organic material in the process water. There is, in addition,
contamination by scoty ash from the discharge of the low chimney of the
thermal drying plant. The result is a heavily flocculated process slurry.
Dispersion is not achieved by present methods and the cyclone classifiers
remove only the coarser impurities. The finer impurity particles remain locked
within the clay by flocculation and this necessitates separate batch treatment
of different qualities of feeds.

B. Processing 2low sheet

The ore selected for a processing batch passes through a jaw crusher and
is fed into one of five stirred mixing tanks which are intended to disperse
the clay and thus to liberate it from the coarser waste fraciiuns. The
regidence time is about 20 minutes, but as this ir judged by experience and
according to the quality of the feed, the residence time may be longer or
shorter.

The coarse reject is raked out of the mixer tank with a frequency, Jjudged
by the operator, varying from every loading to once in two days. The coarse
waste is discarded. On wvisual inspection it is found to contain significant
quantities of harder clay which has not been dispersed in the available
residence time. The clay slurry formed in the mixing process has to pass
througih an 0.5 mm sereen. 7Tt is flushed out of the mixer by adding return
process .ater after completion of the chosen mixing period. The slurry passes
to a tank which acts as the feed sump for the centrifugal pump that feeds the
first hydrocyclone classifier (250 mm diameter). The slurry kas a solids
concentration of 13-15%. The coarse reject “rom this cyclone (at 65% solids)

is discarded to tailings. The Sine product (at 12% solids) passes into another




tank which acts as the “eed sump for the second hydrocyclone (150 mm diameter).
This cyclone prodiuces another reject (at 35% solids) and a £inal fine product

{at T-8% solids) which passes to the clay settling tanks for dewatering.

0f a total feed of about 65-70 t per shift (about 10 t ger hour), the
mixer tanks discard about §.5-8 t per shift (1-1.2 t per hour) of coarse waste.
The hydrocyclones discard about $-11 t per shi®t (1.5-2 t per hour) and the
total tailings amournt to 2.5-3.2 t per hour, or between one quarter and one
third of the feed. The two cyclone tailings pass jointly through a further
cyclone (250 mm diameter) Cor dewatering and disposal. The water is returred

to the mixing tank.

The finsl clay product iﬁ the settling tanks has a residence time of
48 hours and reaches a solids concentration of only about 12-15%. This clay
is then passed through filter presses and tunnel kilns. The hagged end-product
has a guaranteed moisture content of 14%. The best brightness normally
achievable is only about 65% and the provortion of minus 2 micrometer particles
is not more than 60%, compared with a desired Zigure of over 80%. Thus, current
production is characterized by low quality clay products which remain contaminated
by impurities. There are losses of 20% or more of the total clay to %ailings.
The water content of the system is too high, owing to excessive viscosity and

dewatering is both slow and inefficient.

C. Plant operation

Much of the plant operation is discontinuous in principle because it is
tied either to mixing times or to the periods of f£illing and emptying tanks.
The hydrocyclones are operated discontinuously and receive rather variable
feei1s in respect of pulp density 2nd solids size distribution. This does not
vermit attaimment of steady, optimal classiftying performances. Misplacement
of both coarse and fine products is further aggravated, beyond the problems

due to the flocculated and viscous character of the pulp.

Matters are not improved by the usual practices of breakdown maintenance.
Poorly functioning equipment and unscheduled stoppages add %o <he
inconsistency of plant operation and performance. The qu..iity of the clay
products is further affected by rust derived from unprotected iron which is
used reely, and from scrap equipment lying around the plant. For example,

the final clay settling tanks contain rusty iron pipes.
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Tt would be desirable, ultimately, to redesign the entire process
plant soc as to facilitate good housekeeping and to ma ntain meticulous
cleanliness. Cperators should be provided with special shces or boots for
wear inside the plant, and should not te allowed to introduce food or any other
extraneous matter into the plant. All iron ware should be replaced by plastic
or other non-caorroding materials, or should be given heavy protective coatings

i. removal is impractical for the time being.
D. Assessment

After consideration of all the circumstances, the fecllowing conclusions

were reached:

(a) The largest single problem which forms the root of almost all
operational difficulties is the heavily flocculated nature of the slurried
clay. Suitable methods of dispersion and all measures which might aid
dispersion should have first priority;

{b) Until reasonable dispersion can be achieved, little useful purvose
would be served by introducing additional methods of seperation. They would
fail to function properly, just as classification in *“he hydrocyclones is not
functioning properly. No method of separation can make a useful contribution
until the ore is adequately liberated. If centrifuges, flotation, or magnetic
separation were introduced now, they would be judged failures or partly
successful at best;

(c) After good dispersion has been achieved, the present 2low sheet
can provide a baseline performance to which improvements may be added. First
among additional procesc2s for comsideration should be a third stage of cyclone
classification, or a centrifuge for separating fine impurities. In addition,
bleaching will yield a significant improvement in brightness. This cannct bde
attempted as long as iron oxide impurities remain flocculated in the clay.

The hleaching process iz intended only to reduce iron oxide coatings on the
clay particle surfaces;

(d) More difficult and sophisticated nrocesses such as flotation should
not be introduced until the effects of simpler improvements have been assessed,
and until the whole operation of the plant has been brought under consistent
control;

(e) As a simple temporary measure which can be introduced immediately,
use of a general dispersant such as a polyphosphate or polyacrylate will
produce some interim relief and ‘mprovement for the period which will be needed
to develop better dispersion methods. Prolonged systematic tests are needed,
due to the difficult condition of the ore and the contriduting factors of
contamination;

(f) Recommendations have been made for irmediate modificatioms ard
tests. After conclusion of this work, when good dispversion conditions have
been established in the plant, it is suggested that the products and the
processes should be re-examined 30 that the 10st cost-effective modifications
and additions may be selected;
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(g) During the present mission, preliminary tests have shown that
excellent dispersion can be attained, and that this results in good separation
of fine impurities from the clay. The chemical composition, the particle size
and the brightness of the clay were all much improved. th iron oxides and
sulphur were greatly reduced. However, these results were attained fortuitously
and the precise conditions for reliable treatment need to be established by
detailed tests, as cutliged below;

(h) During the preliminary tests in the laboratories of the SCC
Research Institute and during associated detailed discussions, the couuterpart
personnel of SCC have become conversant with the details of the problems
presented by this project. With their longstanding knocwledge of the practical
difficulties, the counterpart personnel are in an excellent position to carry
out the necessary test work, as discussed with the expert. Variocus papers
and references have been supplied by the expert to supplement available
information.




IT. DPRCPOSALS FOR MODIFICATIONS AND TESTS

The aim of ail the proposals i3z to improve the gquality of the products
and to increase recovery of clay from the ore. An overall inecrease in the rate
of throughput is not envisaged at this stage. However, it should be noted
that approximately double the present rate of production (an increase Srom
about 130,00C t to about 250,000 t per year) would make all processes far mcre
cost-effective and would greatly reduce the costs per tonmne of product. Such
an increase may have to be considered if expensive additional processes such

as flotation or magnetic separation were to be irtroduced.

A. Modifications to the oresent oprocessing plants

Unprotected iron should be removed from the entire plant area. This
ineludes ladders and hand rails; support structures for stirrers, tanks etc.;
and pipes and other parts of the treatment circuit. 2Pipes should be comstructed
of high density polyethylene (HDPE). The discharge screens on the mixing tanks
should be replaced by nylon screens or should be made of scme other non-rusting
material., The absence of iron needs to be enforced more and more stringently
as the process proceeds towards the final product. The greatest degree of
cleanliness is necessary around the settling tanks for the clay products.

It should be noted that hydrous ferric oxide is strongly adsorbed by clay

minerals, Minute traces of irom oxides produce quite disprcporticmate staining.

Dispersion of clay by chemical additives in the mixing tanks should be
introduced irmediately. It will improve the gquality of the products and
also reduce the losses of clay with the coarse waste. T“ending the results of
detailed tests on dispersion and selective flcecculatio:., it is recommended
that Calgon or 2 similar sodium hexametaphosphate should be used at a rate of
2-3 kg per tomne of clay. The exact proportions of additives for different
grades of feed will have to be judged by experience. 3odium silicate should
be used to raise the pH to about 8. For economy, the sodium silicate may be
mixed with sodium carbonate if the quantity of additive becomes too large. I%
is essential that no part of the clay feed should be exposed to a pH greater
than 11.5. Tt is recommended that the sodium reagents should be added to the
water in a separate mixing tank ahead of the existing mixing tanks. Since a
large proportion of water is recirculating, it iIs expected that pE conditions
in the plant will progressively stabilize and the necessary additions of pH

reagents will be related to the quantity of new water entering the system.
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The hydrocyclones should be operated as cantiruously as possiile and under
the most coastant conditions of pulp demsity and flow rate. The state of wear
of the cyclone liners should be inspected regularly and any wora liners should
be replaced before they break down. A worn liner (more than 20% loss of
thickness) adversely changes the performance of the cyclone and a tcra liner
causes severe misplacement of products. The liners of the apex orifices which
discharge the coarse reject are especially vulnerable. Samples of worn liners

that were seen at the plant were worn toc much for acceptable performance.

The problem of sticky ore in the jaw crusher could be solved by replacing
the crusher with a2 twin, knobbly roll crusher. Alternatively, it could be
replaced by a2 ball mill. The dispersant would have to be added to the charge
in the mill and less work would be needed in the stirred tanmk. This aspect

requires more study.
B. Tests

To assist in the initial addition of sodium hexametaphosphate as a dispersant,
systematic tests should be carried out so as o optimize the pH, the method of
addition and the conditioning time for best dispersiom of the clay. It should
be noted that one of the purposes of good dispersion is the attaimment of higher
pulp densities so as to reduce the quantity of water needed per tomme of clay.
Other clay producers commonly operate with solids concentrations between 20%
and 367%.

For the purpose of this test it is recommended that 2 measurement of low
shear viscosity {Brookfield) related to pulp density should be used to assess
the quality of dispersion. In order to relate the laboratory tests to the
plant dispersion conditions, ore feed samples should always be prepared dry.
The ore should be crushed to less than 2 mm 30 as to minimize sampling errors,
and each test should use not less than 1 kg of dry soclids. A suitably large
and robust stirrer should be used. The stirrer and the tank should be coated

in inert material (vlastic, enamel or glass).

The method of testing should be to dissolve the reagents in the total
volume of water and, keeping the stirrer in motion, to add the dry solids to
the water. Although the term "dry solids" is used, it is recognized that the

"dry ore” may contain a considerable proportion of water. This is not serious,




but the sampless should he of 2 known moisture content and should te partly drisd

if necessary. Tt is undesirable to dry the samples completely, Zecause this
may 2lter the structure of the clay and it also makes dispersion more difficult.
At the end of each run, the vrovortions of soliids in the suspensicn shculd be
determined and the viscosity should be measursd. The residual coarse sclids
should not be included in the density determination, but their mass shculd be
recorded. Since the more viscous suspensions will contain provortions of 325
mesh material, it wculd be convenient to define the "coarse residue” as plus

10 mesh particles. The scrubbing ef®iciency is shown by the decrease in plus

10 mesh material.

One aim of dispersion tests is to 2ind the shortest conditioning time and
the lowest-cost reagent for acceptable dispersion. The tesis for sodium
hexametaphosphate should be repeated therefore “or other dispersants, including
polyacrylates (e.z. Dispex), sodium silicate with and without sodium carbonate,
or ammonia ete. Tt would be desirable to comtact various manurfacturers for test
samples. These are usually supplied free, together with recommended dosages
and conditions. Obvious suppliers are Cyanamid, Joechst and Allied Colloids,

but there are many other firms.

Another aim of the dispersion tests Is the attainment of higher solids
concentrations than those used so far. I® any of the tests yield good
dispersion and relatively low viscosity, additicnal tests should be carried ocut
to determine how far the zclids concentration can be increased without affecting
the performance of the hydrocyclone classiZiers. For this purvose, hydrocyclcne

tests may be needed, as degcrited helow

Selective disversion or flocculaticu. a5 occurred during four of the
preliminary tests and this may form a most interesting method of improved
treatment. The conditions needed for this purvose are not known and will
necessitate systematic testing. During the successful runs of selective
dispersion or flocculation, samples of ¢lay product slurry were treated with sodium
silicate to raise the pH to 3.5 and then with sulphuric acid to lower the of
to 4,0. At that stage, settlement of waste material occurred; this included
iron oxides, silica, oyrite, alunite and organics. A stable and clean clay
suspension remained and the addition of sodium dithionite produced significant
improvements in brightness by leaching some Serric oxides frow the surfaces of

the clay particles. The sediment showed clear size classification, coarse




particles settling fast and finer particles more slowly. The sediment was
flocculated but the clay susvension was highly dispersed and of low wiscosity.

The two products were easily separated br decantation after settlement.

I? this condition could %e reproduced reliably, it would permit treatment
at higher solids concentrations, it would yield better classification in the
hydrocyclones, and it would offer a final method of cleaning by sedimentation
in the product settling tanks, without the need for centrifuge finishing.
Alternatively, centrifuges could produce 2 fine-grained product at greater
spaed. Sodium dithionite bleachirng after such separation should reach very

high brightness.

In the preliminary tests it was not possible to reproduce the separation
at will, and it must be assumed that the experimental procedure was inadequate.
A tossible defect was the method of dropping fairly concentrated reagents intc
the stirred clay slurry. It is proposed, therefore, that tests should bte
carried out using the procedure described abtove for dispersion. A "ary"
sample of finished clay should be used, crushed to less than 2 mm. The samrle
sho~1d be gradually stirred into water which was previously raised to 2 high
pH. Various values of pHE should be tested with various sodium salts, e.gZ.
silicate, carbonate and nydroxide, singly and in various comtinations with

each other and with ammonia.

Varying periods of dispersion stirring should also be tested. Facn time,
the viscosity of the slurry should be measured. For the next step, dilute
sulphuric acid should be added. Acid concentrations in the range 1-57% should

be tested.

It is pogsible that one of the impurities of the clay needs to be present
in a certain coacentration to cause flocculation. This could be iron oxide or
silica; there is less likelihoed of pyrite or alunite. In *the mreliminary
tests, the slurry samples were heavily flocculated and may have contained
disgimilar proportions of impurity minerals., For the new tests, the "dry"
clay samples should be chemically analysed so that variations may te noted;
samples should also be carefully mixed from one feed batch so that several
runs can be made on similar material. In addition, samples of the slurry

suspension should be chemically analysed after conditioning at high pH. All

details of procedures and all observations, qualitative as well as quantitative,
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should be recorded at the time, down to the smallest detail. It is difficult
to judge what is significant and what iIs unimportant until the process can de

repeated.

Separately from the above tests with "dry" clays, it Is recommended that
tests should be carried cut daily with new clay slurry *taken directly f£rom the
product.on line. These slurry samples should be conditioned with dilute
reagents and the large stirrer and tank mentioned above should be employed.

Tt may be found that clays from diZferent sources show a different tehavicur,

and this could help in identifying the factors needed for selective Ilocculatior.

T4 seems necessary to establish whether or not the organic content of the
elay slurry contributes to the flocculation in any way. This could be tested
by boiling the ¢lay with concentrated hydrogen peroxide and then boiling it
again several times with triple distilled water. This should remcve all
organics withcut interfering with the clay minerals. It might also remove the
ferric oxide which normally coagulates with clay minerals at a pH of 7. The
dispersion characteristics of the clay after the boiling treatment could be of

interest in understanding the problem, but it is not of practical wvalue itsel?.

Tt should be noted from previous work that organic carbon in concentrations
as low as 0.005 parts per million is sufficient to cause “locculation in the
clay-ferric oxide system. Further, it is pessible that the sodium silicate
(and other reagents used) are not completuly free of fatty impurities and it
is advisable to use a fresh supply which was not previously opened. All glass-
ware (beakers, rods etc.) should be cleaned in chromic acid as it is not xnown

whether carbon is helpful or hostile for the process.

Two further factors may be relevant to dispersion or flocculation behaviour;
fer»ic hydroxide has its zero rrint of charge (ZPC) in the pH range 7-3. The
ZPC of silica is at pH 2. Tt may therefore be desirable to raise the pH
first to about 3, and then to drop it either to 3 or to 1, i.e. on either side
of the ZPC of silica. For full stability of the kaolin dispersion the oH

could he raised to 9.

Flotation tests for the removal of impurities sh~uld be deferred until the
dispersion characteristics of the clay products are better known. There is
little point in trying to float the present heavily 2locculated clays. The
removal of impurities would not be adequate and clay losses would be high.

This comment applies %o all forms of flotation, including two-liquid flotation.




For the latter process it is nececssary tc have stecial equipment, as

described in the papers gziven to SCC sta?f. These papers should be studied
carefully if two-liquid flotaticn iIs to be attempted. The need for excluding
air after the oleate collectcr has been added is especially important. The
technique is regarded as a more long-term project for the stal® of the 3CC

Research Institute.

Bleaching with sodium &ithionite (Naaszoh) at a neutral or acid »H is
entirely feasible with additions in the range of 2-8 kg ver tomne of clay.
However, it shculd be applied af'ter the iron impurities have been removed and
it is thus dependent on previous dispersion. It should be noted that the use
of sodium dithionite is for the purpose of remcving the iron oxides which coat
the surfaces of the clay minerals. Removal of soluble iron salts by washing
and prevention of re-oxidation are essential subsidiary steps *o make the

bleaching effective.

High intensity, high gradient magnetic separation, either with conventional
or with superconducting magnets, could be used for removing iron impurities
which occur as separate mineral grains. The process could neither remove
alunite, nor pyrite. It would essentially devend on good dispersion.

Magnetic separation is therefore, regarded as a longer term project of limited
interest. Laboratory tests would require a unit -apable of field strengths
of the order of 2 tesla or higher i2 limonite is to be removed. ?Pyrite would
require field strengths above 2.5 tesla and this would necessitate a super-

conducting magnet.

Classification in hydrocyclones could benefit from test work in a closed
circuit rig. The rig should comprise a sump which feeds a centrifugal oump
which then delivers the slurry flow to a cyclone while the cyclonme products
return to the sump. From the delivery side of the pump, a by-vass valve dack
to the sump allows regulation of the flow delivery to the cyclene. A pressure
gauge should he provided near the feed inlet to the cyclone %o measure delivery
pressure. Alternative cyclone:z of 250 mm, 150 mm and 100 mm diameter cculd
be used for classification tests, to select flow rates and pulp densities, and
to study the possibility of adding a third cyclone stage (100 mm diameter) “or
improved product grades. This cyclone rig could also serve to assess the effect

of dispersion on grade and rscovery.




Tn a modified form, the cyclome rig could be used to test rossible
changes of the flow sheet. Tor example, it could be attractive to run a two-
stage classification with two close-coupled cyclones. The overflow producs
(cines) from *the first cyclone (250 mm) could pass directly as fz2ed into the
second cyclone (15C mm;. Tke overflow “rom the second cyclone would be the
final product. The underflow (coarser) of the second cyclone could return o
the feed for the first cyclone. The underflow from the first cyclone would
be the f£imel reject. This arrangement has an advantage in that it can be run
with 2 dense underilow from the first cyslcne, thus making a clean reject.
Any coarse material passing into the overflow of the first cyclome will be
recovered in the underflow of the second cyclome, because the solids concentraticn
there is much lower. Both water and oumping costs could be less than for the

present system of running two cyclone stages separately, each with its own
pump.

Pelamination of kaolin to increase the wrowerticn of mimus 2 micrametre
particles has been practised for a long time by English China Qlays. Tests
should be carried out with variocus vroducts and with both overflows and under-
flows from the cyclones, in order to establish whether the SCC material can
benefit from the process. Delamination can be tried with various mixtures of
sand and clay in the laboratory's porcelain batch mill, A dispersed ic.d with
fairly high solids concentration would be desirable. The laboratory products
would be too small in volume for separation in the cyclone rig, but they could
be separated simply by sedimentation. Variously classified sand sizes below
about 2 mm could be compared for efficiency. The fine grinding of impurities

would have t0 be assessed as an adverse factor.

Preliminary tests have indicated that grinding of the coarse reject from
the mixing tanks may proéide additional clay extraction. Tests should be
carried out initially in the laboratory's porcelain mill with porcelain balls.
A pulp dispersed with sodium hexametaphosphate should be used to determine
the optimum pulp densities and grinding times. The aim should be to obtain
additional feed material which is similar in composition to the normal feeds
for the 250 mm cyclonmes. If the results continue to be as promising as those
of the preliminary tests, consideration should be given to the acquisition of

a small cylindrical mill which could be used with balls, rods or pehbles,




For the determination of the mill size, it would be necessary to carry out

some Bond grindability tests with the feeds. Since the desired throughput is
only of the order cf 1.0-1.2 tph, it is unlikely that the mill would need to

be larger than about 1.5 m in diameter. In order to avoid iron contamination
it would be ideal to use a rubber-lined mill with a pebble charge. Good pulp

disrersion would be essential.

The grinding of coarse reject from the stirred tanks could be solved by
introducing a ball mill in place of the jaw crusher. The bell mill could be
operated in closed circuit with a spiral classifier or ia :2lcsed circuit with
the stirred tanks. In either case, the result would be higher energy consumption,
because all coarse waste would be ground to, say, less than 1 or 2 mm. A
permanent magnet separator may have to be included at the mill discharge to
remove the scrap iron which would inevitably arise from the mill liners and
ball charge. Better extractiom of clay would be achieved and the problem of
sticky ore would be removed, provided that adequate dispersion occurs in the
mill. This would require long-term testing and the above-mentioned small mill
could be employed for this purpose. Such tests would be esseatial for
assessing the size of the primary mill needed in relation to the residence time
dictated by the rate of disaggregation of clay balls which usually form under

such treatment.







