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ABETRACT

To essist Seychelles in the establishment of ceramic
industiries, the techiological evaluation of locel ceramic
raw materials sas carried out by the Research Institute
for Ceramics, Refractories and Raw Materials in Pilsen in
the co-operation with the UNIDO-Czechoslovekia Joint Pro-
gramme for International Co-operation in the Field cf Cere-
mics, Building Materials and Non-metallic Minerals Eased
Industries in Pilsen under UNIDO project SI/SEY/82/801.

Selected samples from four local deposits were analy-
sed and put into semi-industrial *tests to verify cesting
technology of earthenware production. A set of products
demonstrates convincingly that the local raw materials can
be a basis on which a small-scale production of earthenware
can be established.




ABSTKRACT

v

TAELE OF COKRTENTS

* o o5 0

1. INTRODUCTION cevene

1I. CONCLUSiICNS AND RECOMMEMNDATIONS

1II. TECHNOLOGICAL EVALUATION
OF CERAMIC RAW MATERIALS ......

3
Le

2

3.
4.

5.

6'
7.

Sample Declaration cescen
Testing Methods Applied ....

Compositions and Properties
of Particular Samples cevs

Technological Eveluation
of Clays for Casting ......

Semi-industrial Casting

of Artistic Ceramics seesee
Upgrading and Casting Methods
Tecoration Techniques ......

8. Utilization of Clays
for Red Brick Manufacture ..
I1V. FINAL NOTE cecsse
V. REFERENCES e o0 e
APPENDIX
l. Tables
2. Graphs

3. Pictures
4. Fhotographs

Page

11
13

21

23
25
29

32
34
35




I. LTRODUCTION

Farly 1983, four samples of clays coming from two
deposits on Seychelles (Hontagne Posée and La Gogue)
were evaluated by the UNIDO-Czechoslovakia Jecint Programme
for International Co-operation in the Field of Ceramics,
Building laterials and Non-metallic Minerals Based Industries
in Pilsen., Clays from Montagne Posée deposit were found
suitable for structural ceramics and it was recommended to
follow the research of the deposit from the point of
view of its industriai exploitation.

UNIDO Headquarters mission "Establishment of Heavy
Clay and Ceramic Industries®™, SI/SEY/82/801 was organized
in 1983 which reviewed the situation on the spot and
recommended further steps, It also selected samples of
clays to be tested abroad with special attention paid
to the production of earthenware.

There was established a ceramic workshop on Seychelles
which produced gift ceramics and souvenirs Ly jiggering.
The production was mastered sufficiently ana despite the
simple ingialled equipments and the facv that workers were
ceramic apprentices or students the outputs were very good.

Having collected information from basic geological
survey of Seychelles (B. H. Baker and W, E. Stephens) and
managers of the ceramic workshop, the UNIDO mission investigated
four deposits of cleys on Mahé Island and collected 14
samples of different gredes of ceramic rsw materials,
sccording to the objectives of the UNIDO projert C£i/SFY/€2/801
clays appropriate to the manufacture of red bricks, roofing
tiles end fence bricks were sought for mainly. Because there
were fuund ceposits of gcod ceramic claye (Anse Soleil Road
and Val 4@ Endor Estate) with properties required for dinnerware,
the misvion initiated recommendations to utilize these clays
in the production of artistic and gift ceramics. Due to the
existing ceramic production on Seychelles based on Jiggering




process, the eiforts were put into verification of casting
technology based on the selected clsys that would considersbly
widen end diversify the assoriment of ceramic products
nenufactured on Seychelles.

The technological tests of the collected ceramic raw
meterials were carried cut by the Research Institute for
Ceranics, Refraccories and Raw Materials in Pilsen and have
proved that ceramic clays from Seychelks are appropriate
to the production of earthenware, especlally if they are
mixed so that required properties may be reached by
combination of components,

During the semi-industrial verifications, products
were manufactured by casting into plaster moulds which were
of good quality. In comparison with the jiggering which
the existing ceramic production on Seychelles is confined to
the casting technologies enable comprehensive diversification
of assortment by non-rotary shapes. In addition to it, the
caesting is not demanding for skillness.

On basis of the semi-industrial tests technology of
upgrading and casting has been designed with a view to meeting
constrairnts by which a small-sesle ceramic production is
charaé¢terized, i.e. simple machines and equipment, simple
procesces not demanding for high skilled technicians, besed
on semi-skilled or unskilled labour,

Despite the simplicity of the technological line, a further
technical assistance from abrosd will be necessary, especially
in preparation for casting slips and plaster moulds until
local experts have been trained sufficiently, inter alia.
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CLUSIONS AND RECOIZZEIDATIOLS

4 Chemical and Kineralogical Compositions, Pnysical Froperties

3.

a)

b)

c)

a)

t)

d)

e)
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The clays consist of kaolinite, quartz, aluminium and iron
oxides and hydroxides. Iron minerals share significantly.
The clays are of low mechanical strength, low plasticity and
high vitrifying temperature which limits their applicability
in the ceramic production. |

The clays are suitable for the production of structural
ceramics, namely red bricks and roofing tiles on condition
they are corrected by components of higher plasticity and
lower vitrifying temperatures,

The clays are of lcw ferric oxide contents and of high
contents of aluminium oxides and hydroxides which brings
about high loss on ignition.

The clays represented by Sample 5 W have good physical
properties, especially sufficient bending strength which

is comparabie with washed kaolins.

The clays contain high share of sandy particles, they must
be upgraded by simple washing technologies.

The clay represented by Sample 5 W shows high share of
particles under 1 um which is mcst likely to cause cracking
and fissuring during firing from which necessitates that
£iring process should be carefully controlled.

mhe white and grey clays of the deposit, which are of white
colour after firing, are suitavle for the production of
ceramics, They comply well with requirements for proper
ceramic bodies made by casting.

The clays were found to have inferior physical properties and

to

be unsuitable for the ceramic producticns of any provenance.




&)

b)

c)

The yellow clays represented by Samples 4 &nd 13 contsain
higher portions of alkaelis and iron trioxide., They are of
good physical properties, namely mechanical strength.

The yellow clays are suitable for the ceramic production in
raw state wit“out any upgrading process.

The yellow cla,. can be applied as a sole component or in
admixtures to preparing proper casting bodies.,

B Suitable Glazes

a)

b)

c)

The properties of the cast and fired bisque require
glost-firing temperatures about 1000°¢, Higher temperatures
1200 - 1400°C except for increessed energy consumption will
cause deformations of fired bodies and, consequently, high
percertage of rejectis.

The most suitable glazes were found which contained lead.
The lead glazes fire at temperatures 960 - 1000°C, however,
their applicability is confimed to artistic and gift ceramics
only excluding application to food and beverage containers.
It is recommended to produce gift ceramics and artistic
souvenirs in initial phases of industrial production in
Seychelles.

C Technological Verification of Casting Process

a)

b)

The manufacture of artistic and gift ceramics has been
mastered by jiggering in Seychelles. Casting technology will
erable to widen the assortment by new non-rotary shapes.
Combinations of clays from Val D Endor Estate and Anse Soleil
Road depositas were verified suitable for casting ceramic
products. The clays were washed-out to be deprived of fractions
above 0,06 mm. The casting slip containing 50% of dry matter
was adjusted by dispersion agents. The casting into plaster
moulds was perflfect then,

¥ne clays have high contents of free hydroxides and oxides

of aluminium and iron and therefore the firing temperature in
the interval of their dehydroxylation (250 - 500°C) must ETOW




d)

e)

g)

i)
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besed on local clays end imported dispersion agentis end plaster,
To settle raw caterial basis of the earthenware production,
detailed mapping of both the deposits (4Anse Soleil Road, Val

D Endor Estate) in order to determire extraction ways i
recommended.

To have the feasibility study on the production of earthenware
elaborated before taking any industrial venture.

To train local technicians in the production of earthenware.

To apply to UNIDO through the relevant UNDP office for technical
assigtance dﬁring pre-invesiment and start-up phases, e.g.
geological research, ccnducting feasibility study, training
technicians and assignment of international experts.

Red-Brick Production

a)

b)

c)

a)

e)

Red clays from Montagne Posée Road deposit are suitable for tae
production of red bricks on condition that they are fired at
temperatures above 1200°¢,

In order to lower firing temperatures anc, consequently, conserve
energy, the clays are to be corrected by clays of higher
plasticity and lower vitrifying temperature,

The clays from Montagne Posée Road can be considered as red-brick
manufacture input only in case of manual manutacture since their
low binding capacity in green state will cause high share of
rejects during handling the moulded products.

I+t is recommended to look fcr other clay deposits suitable as
correcting part of Montagne Posée clays.

To carry out semi-~industrial tests in order to verify technology
of structural ceramics production based on new found clays.




ITI, TECHNOLOGICAL EVALUATION OF CERALIC RAW MATERIALS

l. Sarinle Decleraticn

The technological tegts of delivered raw materials
aimed at finding optimal ceramic bodies and glazes based
on local availeble raw materisls for the small-scale
manufacture of earthenware,

In order to widen assortment of produced souvenirs
in the ceramic workshop which is operated on Seychelles,
the tests aimed at elaborating technology of casting
which is expected to bring about new non-rntary shapes
end satisfy new demands.

The samples of clays delivered to Czechoslovakia for
technological evaluation were selected by the UNIDO miskion
SI/SEY/82/801 in May - June 1983. Based on the preliminary
tests of physical properties carried out by the above mission
on the spot, promising clays, from the point of view of
the production of earthenware and red bricks, were selected
and appropriate quantity of them was taken to be tested
in Czechoslovakia. '

The samples were taken from four known ceramic clay
deposits on Seychelles:

(Mahé Island, cadastre 3475)

Sample 1 declared as red clay

Sample 2 declared as yellow clay

Sample 3 declared as lateritic soil

(Situation chart of takings demonstrated im picture 1)
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Locality Val d Zndor Estate
(Mahé Island, cadastres 3273, 3473)
Sample 5 declared as white clay
Sample 6 decl ared as yellow clay
Senple 7 declared as grey clay
Sample 8 was grey clay from other drill
For information in greater detail, the terminal report
on the mission SI/SEY/82/801 is quoted here (page 13):
" Depositing of samples
Depth of {
| drill (zm)_ _ ) Drill 1 e Drill 2 1 95122-2_-4
0 arenacecus
10 e eoue soil
20 4 e
__go __________________________
0
20 ] e -
60 - grey cla
70 white clay grey clay gamyle By
80 sample 5 sample 7 P |
90 .
100
110 S _
® 120 ] yellow clay R
130 sample 6 white cley
140 -

(Situation chart of takings demonstrated in Picture 2)

(Mahé Island, cadastre 2692)

Sample
Sample
Sample
Sample

9 declared as brown clay

10 declared as yellow clay

1]l declared as red clay

12 declars:d as lat2ritic soil

(Situation chart of takings demonstrated in Picture 3)




(1.rd Ielcend, czdcostre 2675)

Sample 4 daclared as yellow clay

Sample 13 declered as yellow clay

Sampl: 14 declared as brown clay -
(Situation chart of takings demonstrated in Picture 4)

All the sltove samples were delivered for chemical and
mineralogical analysres (except for Sample 12 which was not
ceramic raw material), each weighing about 100 g.Samples
13 and 14 respectively were sent to be put into technolo-
gical evaluation (2 5 kgs). Samples 1, 2, 3 and 5 respecti-
vely weighed 20 kgs each,

The semples determined for technological tests were
upgraded in two phases, first for the physical tests and
then for the technological evaluation.

Note : The samples were labelled according to the two phases
of treetment. Those added by index W were samples upgraded
to have maximum grain size 0.15 mm. Samples without! any
index were those that were taken from the deposits.Samples
labelled by index U were upgraded under 0.06 mm.The system
of labelling is presented in Table 15.

2. Testing Methods Applied

The samples delivered were evaluated macroscopicelly,
then pr2pared for X-raying, differential, grevimetry and
chemicel analyses,

a) X-ray photography was made under conditions: radiation
CuK-¥, filter Ni, erm treversge 1°, input slot 10',output
slot 10', paper motion 600 mm.hour'l. All the angle values




b)

c)

d)

e)

o0

of ¢iffractions were read on the X-ray photogreph &nd
their relative intensities were determined end interpret:zd
according to the index ASTIL,

Differential end gravimetry thermal analyses (D.T.A.
end G.T.A. respectively) were made under conditiona:
sample charge 500 mg, balance sensitivity 100 mg, D.T.A.
gensitivity 500 mA, G.T.A. sensitivity 250 mA, temperature
gradient 10°.min—1, inert kaolin 1250°C, oxidizing
atmosphere, paper motion 300 ma. hour T,

By means of D.T.4. curves the top temperatures of
endothermic and exothermic reactions were read, measured
values were comparéﬁ with laboratory standard curves

(Standerds of the Research Institute for Ceramics, kefra-

~ ctories and Raw Materiala; Pilsen).

titrimetry and absorption nhotomevxy.

Contraction - dilatation_thermal analyses (C.D.T.4)

Testing briquettes were fired under controlled corditions
up to temperatures of degradation and length changes
were measured and set out in grsphs according to the rate
between changed length and original length Al : 1, .

o ey 9 o e o Yo e = e > @0 Yo wte -

sedimentation of materiels, recorded intensity of X-rays
which pass through the measuring cell filled with the
thickened sample,




3. Coioceuitions r£md Properties of Porticalar Se—rles
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The results are demonstrated in Table 1, The clay has
low mechanical strength, the testing briquettes were
turned into debris.
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A1l the samples tested consist of large portion of iron
oxides, in case of Sample 3 ™ the content of aluminium

hydroxides is conspicuously . h of which the high . -s
on ignition is testimony. The resulis are demonstrated

in Teble 2.

c) Differential thermal analyses

The D,T.A. 8 of Sampies 1 W and 2 W are cheracteristic

for the mineral kaolinite of derranged structure which
has the endot*ermic deviation at about $5%0°C and the
exothermic deviation at 94C - 950°C. The conspicuous
deviation at 340°C in case of Bample 3 W corresponds to
the dehydroxylation of gibbsite Al(OH)B. Other endothermic
deviation at 525°C was caused by the coincidence of the
deviations of hydrated ferric oxide and kaolinite., The
D.,T.A, curves of Samples 1 W, 2 W and 3 W are demonstirated
in Graph 1.

d) Gravimetry thermal analyses

Mass reductions of particular samples during heating
according to different temperature intervels are shown

in Table 3. It is worth noting that the mass reduction is
higher than the loss on ignition as thr sample heating




e)

cterve el the cobient tenperature, the maecs reducticn

conprises eleo dried-up moisture.

Contracticn - dilatation thermal analyses

—— . - W A — ——— G - - -

The curves of contraction - dilastation thermal enslyses
ere recordsd on graphs 2 and 3 in case of Samples 1 U
and 2 U rezpectively. Sample 3 U detericrated during
the test. The curve of both the semples is typical for
kaolinite. (Note: Clay upgraded to have the upper gra-
nularity limit 0.06 mm was subject to the test).

Grain distribution

P L L T T T ¥ Y Jry 3

The Grephs 4, 5 and 6 show the grain distribution of
Samples 1 U, 2 U and 3 U, The upper granularity limit
was adjusted to be 0.06 mm.

mmmalh e wm e m e ono ool -

The X-ray photographs of Samples 1 W, 2 W, 3 W are
annexed to as Graph 18, They show diffractions of la-
minated silicates, oxides and hydroxides of sluminium
and iron and non-clayey components,

They are distinct:

- kaolinite having diffraction d = 0.718 nm, d = 0.448 nm,

d = 0,358 nm
- iron oxides snd hydroxides predominantly bound in the

amorphous form Fe203.n HEO are witnessed by the enhanced

diffuse background

- gibbsite Al(OH)3 is contained in Sample 3 W. Diffracti-

ons &4 = 0.485 nm, d = 0.437 nm and d = 0.331 nm
- quartz is significantly contained in Semples 1 W and
3 W, diffrections d = 0.426 nm and d = C.334 nm

Table 12 shows the above diffractions.




a)

b)

c)

The cleys of the deposit lontegne Posée Road consist of
Yoolinite, quartz and oxides and hydroxides of sluminium
end iron., The principal clay mineral is the kaolinite of
ow crystallinity, Quartz is domineting as far as non-
cleyey minersl representation is concerned. Sample 3
consists of significant share of gibbsite, Comparatively
high share of iron minerals is comnspicious,

The clays of the deposit are of low mechanical
strength and consequently not suitable to the ceramic
production., They can be added as components of clay blends and
as 2 correction component of ceramic bodies,

Locelity Val d Endor Estate

Only Sample 5 was put into these testswhich chowed the
sufficient mechanical strength in green state., The
results are demonstrated in Table 4,

T r— — — — - S G - e = 0 - D S OO - =

The Semples 5 W, 7 W and 8 W are distinct for very low
ferric oxide contents so that they were white after
firing. Aluminium oxide content is hiéh brought about by
contents of free hydroxides or oxides of aluminium,

The high loss on ignition mekes it obvious that hydroxides
ere present prevailingly, The results are shown in Table 5.

The record of D.T.A. curves (graph 7) demonstrates the
presence of gibbsite (endothermic deviation at 300 - 310°C)
in all the samples, Kmolinite of low grade of arrangement




e)

f)

g)

h}

i in itne gaples, t00. The asyicirically
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SGravimetry thermal snelvses
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1ass reduction of particular samples in different
temperatur: intervals are shovn in Table 6,
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Contraction - dilatation thermal analyses

Sample5U was analysed with results exhibited in Graph 8

(fraction under 0,06 mm), The C.D.T.A., curve is characteristic

for ¥kaolinite,

Grain distribution

The course of the granularity curve shown in Graph 9 is
not typical in case of keolinite clays having considerable
portion of partiles below 1 Jam.

P e et

The dominatiag clay mineral is derranged kaolinite, in
cagse of non-clayey minerals quartz and gibbsite are
prevailing. In Saxple 8 W, smell quantity of feldspar,
dolomite and illite - montmorillonite interstratification
is ccntained. Table 12 shows particular diffractions of
Semples 5 W, 6 W, 7 W and 8 W. Graph 19 shows dffractions
of 8amprlcy 5W and 5 W while Graph 20 those of Samples

7 W and 8 W,

Concliusions

The Sample 5 W was sanalysed to find mechanical properties
(other samples had unsufficient mechanicel strength). The
bending strength was found sufficient which is comparable
to that of washed kaolins, Because the clays are arenaceous
to a high extent, their upgrading by washing is regarded




a)

c)

+he

depoe’t is recommended which are of white cclour

~
[P NG - )

efter firing.

The clays contein derranged kaolinite &nd gitbaite
end quartz to mention only importent minerels,

The clay represented by Sample 5 W shows high
content of fine particles under 1 um which is most
likely to cause the cracks end fissures occurring during
firing. This effect is‘described in greater detail in
paregraphs 4 and 5 which deal with the technology of
casting earthenware,

Locality La Gogue

The clays coming from this locality were not subject
to the tests as their mechanical strength was so low that
they did not stand drying and testing briquettes deteriorated.

All the tested samples contain large quantity of iron
trioxide, especially the Sample 11 W which also conteins
gibbsite and its loss on ignition is therefore high. The
results are exhibited in Table 7.

The endothermic deviation corresponding to the dehydro-
xylation of gibbsite occurs in case of Sample 11 W,
Asymetrically arranged endothermic deviation of kaolinite
at temperatures 530 - 555°C is apparent in case of all
the samples tested., The exothermic deviation (at 475°C)
of Sample 9 W is brought about by transitiorn of hydroxide




d)

h)
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for:: of iron into the oxide one, The D.T.A. curv

recorded in Greaph 10.
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The vamples were not subject to the sbove anslyses
because of their low mechanicsl strength.

Grain distribution

The X-ray photographs of Samples 9 W and 10 W show do=-
minating diffractions of kaolinite, quartz and miceceous
mineral of 1llite type., Ia case of Sample 10 W diffrac-
tions of feldspar amd illite-montmorillonits interstra-
tification are distinct, too. Ia case of Sarple 11 W
only diffuse lines of kaolinite, gibbsite, quertz and
feldspar are apparent. Greph 21 shows X-ray photographs
of Samples 9 W, 10 W and 11 W.

Conclusions

All the tested clays are of inferior physical properties
80 that forming briquettes was impossible., They consist
of high portion of aluminium and iron hydroxides,especi-
elly Sample 11 ¥, As far as mineralogy i3 conceraed,
their principal component is kaolinite of low extent

of arrangement, further micaceous mineral of illite ty-
pe is apparent. The clays occuring in La Gogue deposit
ere not ‘epplicable as & sole component to the ceramic
production. They can be added as components of clay
blends,




b)

c)

a)

e)

The physical properties of these cleys are preseated in
Table S, From the point of view of mechenical sirength
Semiple 13 W shows the best resulis. Saemple 14 W has the
mechenical strength rather inferior.

- —— - - — g — o o Y, - ——

The results are presented in Table 10. The iron trioxicde
content of all the samples is high, Sample 14 W hes also
high content of A1203 and high loss on ignition which is

to be ascribed to the gibbsite presence. Samples 4 W and

13 W (yellow clay) consist of comparatively large

quantities of alkali brought about by feldspar and magnesium
and calcium carbonates.

- — — —— — - — . S Y " s s D D s s s @ W e

As the D.T.A. curves recorded in Graph 11 show only lesser
deviations at temperatures 525 -~ 530°C and 900 - 930°c,
kaolinite of lower arrangement is present. Sample 14 W
shows a distinct deviation corresponding to the gibbsite
dehydroxylation.

The course of C,D,T.A. curve which is recorded in Graph 12
is typical for kaolinite. The effect of high alkall content
is performed by the sharp shrinkage between 1000 and 1100°¢C.
The fractions under 0,06 mm were put into C,D.T.A.




g)

h)

c¢iziritution curve of Semples 13 U end 14 U wvrre
found for frections under 0.06 mm. Ssrple 14 U wont ira
consicdereble portion of fine particles under 2 /.

The grein distritutions of Samples 13 U and 14 U sere

chown in Grephs 13 and 14 respectively.

P e L L T R R s R R ]

The analyses proved that all the samples contain feldspar
in addition to kaolinite and quartz, Semples 4 W and
Sample 14 W gibbsite,

is exhibited in Teble 12,
W, 13 W and 14 W in

13 W contain elso dolomite and
The review of minerals present
X-ray photographs of Sesmplesr 4
Graeph 22,

Conclueions

- 0 g —— - - - -

Clays occuring in locality Anse Soleil Road, especislly
those presented by Samples 4 W and 13 W are superior to
other tested clasys as for their physicel properties,na-
mely, mechenical strength, Consequently, they are appli-
cable to the ceramic production either as a sole com-
ponent or in admixtures. That clay labelled as Sample

14 W has low mechanical strength snd it is not appro-
priate to the ceramic production. The Anse Soleil Road
clays were subject to our concern to prepare the optimal

casting slips. .
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istic end giit cerarics by
elrzady been mastered on Szychelles which
tzen based on local raw nzterials, cne of the principle
1

Jectives was to investigate other processings vihich would

ke poszgible to diversify the assortment and serve widszsr

jeizands. The casting into plaster or other porous moulds

would ensble to produce more sophisgticated shapes and patti=sims

3o that casting slips and technologies based on local raw

. rateriels were the subject of technological tests conducted

in the Rzsearch Institute for Ceramics, Refracfiories and Raw

Yaterialg, Pilsen.
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Wherever the casting t<:hnology is applied to produce
ceramic products of sophisticated shapes (sanitary cerarmics,

porcelain), the decisive factor is the slip. The prerequisgite

is high portion of dry matters contained in the casting
slip lest the porous mould should drain large quantities

of water to create body of sufficient thickness. Purther
rzquirement 1is for the casting slip not to settle quickly,
otherwise the coarser particles get separated in the mould
or settle in storage tanks and transport pipelines. The
casting slip must be liquid regardless the content of dry
matters to f£ill in whole the mould, even the most intricate
reliefs, The creation of body must be finisghed as soon as
poesible that the product couléd be geperated Ifrom ta2 mould
without its deterioration.

After stirring the water and clay a suspension comes
into being the solid particles of which setile rapidly
on the bottom, Consequently, to prevent the rapid
sedimentation, dispersion agents so called dispergators
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Zecause the clays tested contain lergs qusntities
of eluminium and iron hydroxides which accelerste
locculation (i.e. ccaculetion and following szdirentaticon),
the optiral dispergator finding was difficult., Dispex N 40
a ranufacture of lessrs, Allied Colloids of G,B. mcted
best. The optiral addition of the ebove dispergelor. vas
xper;cnﬂed Yy mzans of a viscosimeter for the suspensicns
containing 50% o- dry matters snd 50% of distilled vater,
The optimum quantities are presented in Table 13, ‘he
admixture of dispergator to clays enabled to rmould testing
specimens by means of the casting into plaster moulds to
determine the bending strengith in green state. Arplying

cling together

this vechnique the particles of clays
more closely than particles of clays moulded msnually Irom
plaestic body. The cast specimens showed high strength,
especially that of specimen cest fromrizture C (Table 13)

can be regarded as extremely high.

Zending strength of selected samples

Sexnple . 3eniing strength (KFe)
5 L.6

13 ; 8.3

I i

- mixture C ; 12,9

. —— Y — ¢ — I — P S D —— D P - - —— T W T — ————— —— ——— — —— - ——

The uged dispergator, especially Dispex N 40 which it
e polyacryl, is likely to contribute to increasing the
strength of gpecimens. Consequently, dispergators will
enhance low mechenical strength of used clays in casting.

51ip80
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L1311 the diepersicn tesis were curricd cut vwith clsyes
tre unper grein linit cof vhich wes adjusted to bhe
I & &
0,5 . It ro.ulted irnto cubstentislly rodve 3 ga’i -

tiinn of coercer froections recoried in oo o oof frze-
ticon under 0.15 mm.

Tha J.D.7.A, curves of 211 thae - ixtuzis ove reoorddd

in Sraphs 15, 16 snd 1.,

5. Semi-industirial Casting of Artistic Ceremics

Tn order to crperiment =8 many a3 possible factors in-

flu-ncing castine, bisgue firine, drying, glazing, glost

firirg and da2corsting, a special scphisticsted testing
r5uld vwes used, (Photographs 1 - 8). It was a vese €5 mm
nizh znd of dicmeter 40 ra decorsted with a relizf., The

o
.24 plaster moulds cons’sted of four parts.

Reezad on test results of applicetions of different dis-
~zr;ators, the Samples 1 U, 2 U, 30U and 14 U were left
ecide., Also Sample 13 U itself wes not tested as its
dispersion capacity was low. After removing the plaster
mould, 38 & of products from Sample 5 U &snd 75 % of |
rroducts from mixture A were deteriorated, Nixtures B
and C showed the best results since no product was
demaged.

16 Aifferent glazes were applied in the productior of vases
which were of different cclours and tints. The glezes were
applied both to the green bBody and the fired bisque.
Principelly leed glezes were applied to fired bisoue,
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o sloest firing tengporoture belng bedwesn 620 - 170007,
Jeoploces sorlied to tl.e reen body were clost-Tivic X
$ooomeimeca 1160 - 11=3°C,
The begt results were ettained with Zlaccs gpplicd
to fired bisque, green, brovn, dlack wnd vhite cover Sl=.us
cnd ftrenslucent gleze., The results of glase optimizatin
tests are demonstrated in Table 14,
¢c) Bignue firing
" According to the directions of use for the applied
glazes, the temperature of bisque firing was higher

about 50°C than that of glost firing, i.e. max, 105000.
Rounded plates were made from respective testing casting
slips oZ diemeter 40 mm to experiment the appropriate
¢lac2s by mezans of which the run of firing was observed,
If the speed of firing was high, the plates cracked at the
tenperatures of clay dehydroxylation (25C - 500°C). It wzs
neceasary that the increaese of termperature in the interval
1o

of dehydroxyletion should have been as slow s possible,
Desgpite small cracks occurred, especially in case of products
9

rade from Ssmple 5 U.

The powdered glaze was mixed with water to get
suspension containing 50% /wt/ of dry matter, Application of

- —— — - — - Gy — — ——

glaze by a Jine brush was not successful, especially in cace
¢? cover pleoas, oines the pointed laper var Irvesulor fo

Lo

~ A Al

iar as the thickn wes concerned so that the coloured
body shone through the fired glaze., Good results were
achieved once the products had been dipped into glaze.

The absorptivity of the ovodies caused that the product get
covered with regular and sufficiently thick glaze film

eiier some scconés wien it had bsen dipped, The inside of




cnolucio oo 11104 vithn gloos ieh vk ooooin ol e
o wpplienticon of 110 differenty glacas to outsid: 5!
~ide of jroducts is rasy and rorulia into Imitol 1T

coleul coritinationgs, The combinstlons zre deron tiat:d

n citiohzd Thotogr.pha 1 - 8,

Thiz vway of glazing is acconpanied by 1=any rrotlens
yhiich are not easy to be settled. The zreen procfucts
cannot be glazz=d by éipping in or pouring laczes sizce tley
are of low mechanical strength which ig Turther reduced by
soaking water from glazing suzpenaion wnich mekss the
product walls soften and a deformation or craciing of
products set in, Painting or spraying glazes are ways
vhich I.ave to be zpplied. In case of cover £lazes which
require to be applied in thick film, the procedure rust be
reiverated with alternating drying. Consequently, the
number of operations goes up and the possiblity of darmeging
products incresses, too., If glazes are spreyed only snall
orvion of glaze is utiliced viich csn ceuce considzrable

k6]

logsses taking into consideration high price of glaze, The
glazes that were applied to the green budy during above

tests are resdy-made for floor tiles. Thae results schieved
were not good and corrections of therwmal expansion coefficient
of glazes based on wider regearch should have to be done.

€., Unp

n

redine snd Casting Letriods

Bearing in mind that small-scale production of cest
cerenic products on Seychelles is in question as a first gtep
of development, upgreding and cesting technology vas designed
taced on all the analyces and semi-industrial tests. Mixturec
of ¢lays from localities Ange Soleil Road and Val d Endor Estese
{rizture B and C described in Teble 13) are recommended to be
input of casting 2lips., These clays contain coerse eacmixtures

ens, therefore, their simple upgrading is necessary.
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~le the procezs dis broken dom o dn occoz toalnlo 0
O VTIATA cwl owchios ~uloally ploticd in e > D
Sw nslenizl homozenization
e sredual 3ovvingtion of a pile of delivencd elons 911
ta surfiecient accounpznied by veilzonmtea Larmal overbigs
of izatevrials, Lerger pieces or blocks ere to bte crushad,
"rrge lavger pieces get collected, as a2 rule, at the pile
footing nznd vorsen the homogenity. Homog enization of 1-v e
-ufntity of clays i1s recommended that a sufficient onsraiion
sock ghould be ready, however, large storesse f:nks and
area are needed.
Slunging
Sca water i3 not applic .ble, In cuze of =mall-scale
production a concrete . ixer suffices to prepere for inpuis
or & bagin provided with a stirrer, The following
teclmolosy rzquires Tor raw nzterisl suepznsion To o2 T2 'n

g
oy et & mexirur,

i

tters in ratio 150 g/ litre

(]

Send cega*at*

- — - - —...._...

Simple eguipnent such as vibraiing sizves or bucket or

worm elevators will do to remove washed-out sand,

Greding saspension
Sl oot owelicUlo riomo ol Iivie Juootiooocon uotion L

the hLydrocyc¢lone, Pue to small quantity of naterisl,
a hydrocyclone with inside diameter 50 - 150 mm is
cornecting pipelincs

recormended, A punp, storage tauk,
er

and air cheamber wi*h pressure gsuge ere componentis of

a hyérocyclone plant.
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cd itk Guy clays gathsred Trom ovhe dluivoved fuly o
- > L - - * - 1, S e
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Goewdial (Pilterrrass output) will te niilived for

The tank provided with stirrer is fed by settled clay vhicha
to 1e

ig added by the dispergator. The:slip is consgtantly miied
end alded crusned filterpress cales. Drled-up caxes btlunse
better thaa humid ones, The slip is corrected by further
cherze of @ spersator or water or dry materisl zccording tc

P

.

L
K/

L

(1]

[}
n

the prop .
The casting slip 1s then pumped end stored in a

tank provided with stirrer which wiil also be fed by

returmned casting slip rejected during moulding,

Cecting into plaster moulds 1s regarded as the most sirrle

v w vy 1LY - JU Py 4+t~ . 1 >~ ~
ey 2Ton thiush other crecug naterinls ar uged 24 e
J - . ,

4 e Trm D oy At et T
_— . e e s A Al W W e ¥ w em ae e e e B

W

Th2 production of moulds is conceived to be manual
one baszed on denigns corresronding to the local custom end
culture., Gypsum is to be imported since there &re no
epprorriate local scurces,
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7. Decoration Techniques

There are many techniques to decorate ceramic
products which distinguish according to the materials applied.
Ceraniic stains, compounds of different metals, precious metals
and zlso jlezesg proper are utilized to decorate cersmic products,
Decorations are applied to the fired glazed product or to
fired bisque (under glaze). The choice of decoration depends
on firing temperature and colour and character of ceramic body.

Trickling

Run-off glazes are very impressive decorations of artistic
ceranics, Low-melting glazes are used wnich hmve gome tens of
‘centigrades lower firing temperature then the bisque, They
are applied in thick films and they run off down the walls
of products during firing. The application is usually a
combination of versatile ways - in stripes or one nver the
other by brush, spraying or dipping. The series of colours
and tints and compositions is almost infinite and they can
be applied to either fired bisque or to other already
applied harder glaze,

Crezing glazes (crackle)

These glazes are those of dense screen of tiny, irregularly
situated cracks which are usually underlined by rubbing
colouring matters, These cracks originate as a consequence
of firing glazes with higher thermal expansion coefficient
than that of the body to which they are applied. To under-
line the effect, different colouring matters are rubbed in.
In China and Japan, they were painted with drawingz ink.
Frequently, ceramic stains are applied which are then fired
asain at lower tempereturea,
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Ziystalline glaczes

The Jlesa chsrge 18 oversaturated by matters which solve ‘n
celted olase, After amrealing they precipitate edithzr tog:ilir

ith other glaze corpornents aoalone c:eating crystals ith
Lrseropting effects, such as bloors, The crysialline l=og
22 reco:nended to be applied ©o vitﬁified vedlas 30 inat tray
0

ther fired glazes.

eramic stains are suostantially coloured metal compounds
c

=
]
|9
)
H

~-glaze stainsg

These ctains are appiied to green body or rired bisgus, The
pp-

firing temperatures vary 800 - 1410 Ce The colour set gets

SRy

nzrrover with grosiing firing termperature, The most freguent

way of ep»plication ig hesnd-painting, however, screzn-print

T o - TS
ic enpnliced, too,.

¥etal compounds - salts
water salution of chemical compounds of metals are applizd
under glazes, Thesge decorations distinguish themselves by

appropriate temperature stability and excellent colour erfects.

The usual inputs are nitrates or chlorines of colouring matals

which are applied to the f:red biszque (gpreying, dipping, han
reintins). Theze solohle corpounds can Te Tuxizd into in-

. . N . . s e . .0
soluble state before glazing vy either firing at S00 - £50°C

or by armonia vapour affect.

Over-gleze stains

a-

Thege gtains ere epplied, by hend-painting or by decalconenisa,

¢ the fired product in tr.in films, The firing teuperature veries
700 - 850°C. The gset of these stains is as wide as application
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e Pasd-painiing iz the moelt usaal fechnigue Lo 4
artigtic or gift ceranics, Hovover, decslcorania czn be
saceesrfully eppliad, too, since it is not dermanding Jor
gorticteniions cad Lodigs atomt good rosulisg even T N
o 2il-scale proluction ig establiched., Scroenprint is
uweoally zpplied in the largs-acale productions,
Tigirls
Iristres are thin :rotal or oxide rilma on zlaz2g of 1irzd
rrodncts, They are characterized by high gloss and porrl-lile

0

s . L - sad 3 : h PR . Y
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1V. FINAL NOTE
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VI. APPEIDIX

1. List of Tqbles

Table 1
2
3

13
14
15

Physical Properties of Montagne Posée Road clays
Chemical Composition of Montagne Posée Road clays
Thermogravimetric Analyses of Montagne Posée Road
clays

Physical Properties of Val d Endor Estate clays
Chemical Composition of Val d Endor Estate clays
Thermogravimetric analyses of Val d Endor Estate
clays

Chemical Composition of La Gogue clays
Therinogravimetric Apalyses of La Gogue clays
Physical Properties of Anse Soleil Roead clays
Chemical Composition of Anse Soleil Road clays
Thermogravimetric Analyses of Anse Soleil Road clays
X-ray Diffractions of particular minerals contained
in samples

Dispersion Agent Additives

Glaze Application Tests -

Sample Declaration
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2. List of

Graphs

Greph 1 -

10 -

11 -

13 -

14 -

16 -

Differential Thermal Analysis

Montegne Posée RoaG - Samples 1 W, 2 W, 3 W
Contraction-Dilatation Thermal Analysis
Sample 1 U

Contraction-Dilatation Thermal Analysis
Sample 2 U

Grain Distribution

Sample 1 U

Grainr Distributicn

Sample 2 U

Grain Distribution

Sample 3 U

Differential Thermal Analysis

Val 4 Endor Estate - Semples 5 W, 6 W, 7 W, 8 W
Contraction-Dilatetion Thermal Analysis
Sample 5 U

Grain Distribution

Sample 5 U

Differential Thermal Anelysis

La Gogue - Samples 9 W, 10 W, 11 W
Differential Thermal Analysis

Anse Soleil Road - Ssmples 4 W, 13 W, 14 W
Contraction-Dilatation Thermal Anslysis
Sample 13 U

Grain Distribution

Sample 13 U

Grain Distribution

Sample 14 U

Contraction-Dilatation Thermal Analysis
Blernd A

Contraction-Dilatation Trermal Analysis
Blend B




Graph 17

18

19

20

21

22

Contraction-Dilziation Thermal Analysis
Blend C

X-ray Photographs
Samples 1 W, 2 W, 3 W
X-ray Photographs
Samples 5 W, 6 W

X-ray Photographs
Semples 7 W, 8 W

X-ray Photographs
Samples 9 W, 10 W, 11 W
X-ray Photographs
Samples 4 W, 13 W, 14 W




3. Pictures

Picture 1
2

3
4
5

Montagne Posée Road - Situation of sample takings
Val d Endor Estate - Situation of sample takings
La Gogue - Situation of sample tekings

Ange Soleil Road - Situation of sample takings
Scheme of earthenware production




4, Photographs

Photograph 1 - Products with translucent glaze

2 -~ Product with translucent glaze

3 - Products with efflorescence Celadon glaze

4 - Product with efflorescence Celadon glaze

.. 5 = Products with brown cover glaze

6 - Product with brown cover glaze

7 - Products with black mat glaze

8 - Product with black mat glaze

9 - La Gogue
Fired at

10 - Montagne
Fired at

11 - NMontagne
Fired at

12 - Montagne
Fired at

- yellow clay
1000, 1250 and 1400 °C

Posée Road =~ yellow clay
1000, 1250 and 1400 °C

Posée Rnad - red clay
1000, 1250 and 1400 °C

Posée Road = lateritic soil
1000, 1250 and 1400 °c




Teble 1 Friysical properties of lontegrne Posée Road clsys

Semple

1w

2w

3w

Bending strength
after drying /MPa/

Formationwater WR
/ % wt./

Plasticity number
by Pfefferkorn

method PLp

64.0

39.5

Testing briquette cracked

60.0

39.8

43.5

30.7

Table 2 Chemical composition of Montagne Posée Road clays

/ % wt, /

Sample
1w 2w 3w
Loss on ignition 12.36 " 14.47 23.10
$i0, 43.40 34.72 21,22
TiO, 1.53 2.30 1.05
A1,04 28.99 27.54 45.25
Fe203 13.12 20,64 9.17
MgOo 0.13 0.14 0.03
Cel 0.04 0.02 0.10
Na,0 0.04 0.03 0.04
K20 C.39 0.14 0.04




Table 3 Thermogravimetric analyses of Montesgne Posée Road clays
Sample 1 W
temperature range (°C) | 18-215 | 215-275 | 275-370 | 379-420 | 420-660 [ 660-1000 | 18-1000
mass reduction (%) 3.56 0.80 1.68 0.70 7.62 0.90 15.26
Sample 2 W
temperature range (°¢) 23-210 | 210-245 | 245-375 | 375-430 | 430-690 | 690-1000 | 23-1000
mass reduction (%) 3.16 0.40 2.87 0.70 7.91 0.79 15.83
Sample 3 W '
temperature range (°C) 20-145 145-220 | 220-400 | 400-465 465-605 | 605-1000 20-1000
mass reduction (%) 1.80 1.64 15.90 1.48 3.44 1.48 25.74




Teble 4

Physicel properties of Val d Endor Estate clays

Sample
5 W 6 W 7 W 8 W
Bending strength
after drying /MPa/ 1.62 - - -
Pormation water WR
/ % wt, / 51.5 - - -
Plasticity number
by Pfefferkorn
method PLp 35.0 - - -
Table 5 Chemical composition of Val d ‘Endor Estate clays
/ % wt, /
Sample
5 W 6w TW 8 W
Loss on ignition 16.37 15;79 17.00 15.89
510, 43.66 34.75 42.05 44.86
Ti0, 1.17 1.64 0.96 0.97
A1203 36.75 34.33 38.51 36.60
Fezo3 1.33 13.10 0.98 1.20
MgO0 0.15 0.10 0.13 0.17
Cal 0.04 0.04 0.02 0.04
Na,0 0.14 0.03 0.08 0.08
K50 0.39 0.22 0.27 0.19




Table 6 Thermogravimetric analyses of Val d 'Endor Estate clays
Sample S W
temperature range (°C) 20-180 | 180-240 | 240-350 | 350-410 | 410-620 | 620-1000 | 20-1000
mass reduction (%) 2.12 0.49 4,90 0.98 8.50 0.98 17.97
Sample 6 W
temperature range (°C) 20-160 | 160-240 | 240-370 | 370-430 | 430-665 | 665-1000 | 20-1000
mass reduction (%) 2.12 0.98 6.51 0.81 7.65 0.98 19.05
Sample T W
temperature range (°C) 20-160 .| 160-250 | 250-340 | 340-415 | 415-665 | 665-1000 | 20-1000
mass reduction (%) 1.80 0.49 4,74 0.82 9.64 0.65 18,14
Semple 8 W
temperature range (°C) 20-190 | 190-240 | 240-325 325-410 | 410-630 | 630-1000 | 20-1000
mass reduction (%) 2.80 0.49 3.29 1.15 9.38 0.82 17.93

—




Table 7 Chemnical composition of La Gogue clays

/% wt./
Sample

9 W iow 11 W
Loss on ignition 13,70 13.08 14.65
5i0, 35.73 37.44 29.52
Ti0, 2.38 2.08 3.09
A1,04 28.35 29.82 28.48
Fe,0, 18.68 16.49 23.36
4g0 0.90 0.90 0.33
Ca0 0.12 0.02 0.11
NaZO 0.05 0.05 0.04
KZO 0.09 0.12 0.42




Table 8 Thermogravimetric analyses of La Gogue clays

Semple 9 W

temperature range (°C) 22-225 225-420 420-590 590-735 | 735-€40 840-1000 22-1000
mass reduction (%) 6.25 1.15 4.44 1.81 1.97 0,16 15,78
Sample 10 W

temperature _ange (°C) | 21-200 | 200-255 | 255-345 | 345-410 | 410-660 | 660-1000 | 21-1000
mass reduction (%) 2.63 0.66 1.15 0.66 9.05 0.82 14.97
Sample 11 W

temperature range (°C) | 24-190 | 190-250 | 250-370 | 370-410 | 410-615 | 615-1000 | 24-1000
mass reduction (%) 3.47 0.83 4.46 0.50 6.27 1.32 16.85
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Table 9 Physical properties of Anse Soleil Road clays

Sample
4 W 13w 14 W

Bending strength
efter drying /MPa/ - 2.37 0.93

Formation water WR

/ % wt. / - 43050 30.50

Plasticity number
by Pfefferkorn

me thod PLp - 31.3 23.0

Table 10 Chemical composition of Anse Soleil Road clays

/ % wt. /
I Sample

4 W 13w 14 W
Loss on ignition 9.25 7.51 18.82
810, 51,33 53.92 33.62
Fe203 .9.98 9.26 11.73
MgO 0.87 0.78 0.13
Cal 1.14 2.50 0.12
N320 0.40 1.25 0.05
K20 2.70 2.60 0.24




Table 11 Thermogravimetric analyses of Anse Solell Road clays
Sample 4 W
temperature range (°C) | 24-205 | 205-255 | 255-345 | 345-410 | 410-605 | 605-1000 | 24-1000
mass reduction (%) 3.29 0.49 1.32 0.66 4.77 0.99 11.52
Sample 13 W
temperature range (°C) | 18-185 | 185-260 | 260-345 | 345-425 | 425-610 | 610-1000 | 18-1000
mase reduction (%) 2.63 0.66 1,32 0.66 3.78 1.15 10.20
Sample 14 W
temperature range (°C) 22-195 | 195-325 | 325-380 | 380-435 | 435-590 | 590-1000 | 22-1000
mass reduction (%) 4,79 7.10 2,31 1.16 5.28 22.13

1.49




Table 12 X-rey diffractions of particular minerals

of samples

Deposit Sample| IM | S K G Q F D B
Montagne 1w 5 | - 20 | - 55 | - - 10
Posée 2 W - 15 3¢ | - 5 ¢ d 14
Road 3w - | - 5 190 | 20 | 5 - 6
Vel 5 W - 5 30 | 65 5 | d - 4
d ‘Endoxr 6 W - |- 25 |50 |20 |- |- |10
Estate TW - |- 50 |95 |25 | d - 3
. 8 W 5 1 4d 40 [ 30 | 45 | 5 3 4
La Gogue 9 W a |5 25 | d 10 | 4 - 11
10 W 5 5 10 | - 10 |10 | - 9
11 w - - d |d d d - 13
Anse 4 W d 110 |10 |4 50 {20 |10 9
Soleil 13 W - - 10 5 50 125 |15 T
Road 14 W 5 | - 15 | 30 | 55 10 d 8
Legend: IM ~ illite-montmorillonite; S - micaceous mineral
of illite type; K - kaolinite; G - gibbsite; Q - quartz;
F - feldspar; D - dolomite; B - diffuse background;
' d - diffusion diffraction; - - diffraction absence

Note: In attached X-ray photographs (Grsphs 18 - 22), the
diffrsction of hematite is labelled H, that of calcite C
and that of montmorillonite M.




Teble 13 Dispersion Agent Additives
Sample Dispersion agent % per cent of
10 Dispex N 40 0.3 dry matter
20U Dispex N 40 0.7 dry matter
30U Dispex N 40 0.2 dry matter
5U Dispex N 40 0.1 dry matter
130U Dispex N 40 2.0 dry matter
natrium huminate 0.5 dry matter
me 0.5 dry matter
14 U Dispex N 40 0.35| dry matter
Mixture A
50 % sample 1 U Dispex N 40 2.0 sample 13U share
50 % sample 13 U natrium huminate | 0.5 sample 1 U share
e *t 0.5 sample 1 U share
Mixture B
75 % sample 5 T Dispex K 40 0.5 sample 13U ghare
25 % sample 13 U natrium huminate 0.5 sample 13U share
e * ’ 0.5 sample 13U share
Mixture C
50 % sample 5 U Dispex N 40 0.1 sample 5 U share
50 % ssmple 13 U Dispex N 40 0.5 sample 13U share
natrium huminate 0.5 sample 13U share
mp 0.5 sample 13U share

+ HMP = hexametaphosphate
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Table 15 Sample Declaration
Labelling of upgraded samples
Deposit Semple Description grain fraction grain fraction
' under 0.06 mm under 0.15 mm

Montagne 1l red clay lU 1w
Posée 2 yellow clay 2 U 2w
Road

3 lateritic soil 3 U 3w
Val S white clay 50U 5 W
d Endor 6 yellow clay - 6 W
Estate

T grey clay - TW

8 grey clay - 8 W
La Gogue 9 brown clay - 9w

10 yellow clay - 10 W

11 red clay . - 11 W
Anse 4 yellow clay 4 U 4 W
Soleil 13 yellow clay 13 U 13 W
Road

14 brown clay 14 U 14 W

-
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DIFFERENTIAL THURMAL ANALYSIS
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GRAPH 10

DIFFERENTIAL THERMAL ANALYSIS
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aituph 18 X-ray photographs of Samples 1W,2W, W

I Q F = feldspar, H = hematite, K = kaolinite,
IM = illite - montmorillonite, Q = quartz, S = mica
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= quartz, K = kaolinite, G = gibbsite,
= mica, H = hematite, M = montmorillo-
t

ite
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Sraph 19 X-ray photographs of Samples 5W, 6W Q
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Graph 20 X-ray photographs of Samples TW,8W
' G

. ]
G = gibbsite, Q = quariz, F = feldspar,
Til = illite - montmorillonite,

“ i

. = montmorillonite
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Jrarh 21 X-ray photographs of Samples 9W,1QW,11W H = hematite, I* = feldspar, Q = quartz,

K = kaolinite, S = mica, IM = illite -
montmorillonite, G = gibbsite
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Jgraph 22 X-ra hotographs of Samples 1 1
H = hematite, D = dolomite, C = calcite,
& F = feldspar, Q = quartz, ¥ = kaolinite,
‘ S = mica, IM = 1llite -~ montmorillonite
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Picture 1 - Montegne Posée Road - Situetion of Sarple Takinrcs

cadastre 347¢C co—ordinates 343-344E, 799-708N
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Picture 3 - L& gogue - Situation of Sample Takingec

cadastre 2692
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Picture 4 - hnse Soleil Road - Situation of Sample Takings

cedastre 2&75 co-ordinates 297-300E, 755-758N
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