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INTRODUCTION

iR Following a request from the Government of Trinidad & Tohago. the
vAperl was appolnted by the United Nations Industrial Development Organization
(INID) a8 a consultant in Ceramics and Glass for a period of three months
vhich -a8 extended for one month more, According to the Job Description

"RI-68:-SFD (SF/ID) the duties of the expert are stipulated as follows;

"The expert will be a member of r professional team of tnternational
xpe:! - working under the leadership of the Project Marager of the Caribbean
adustr'al Research Institute (CARIRI). He will co-operate with the other

uternatlonal experts gnd the local counterpart staff in;

a, Undertaking a survey of the country's ceramic industry,

and especially the brick plants.



»,

Assessing the availability of raw materiala both locally
and In other nelghhouring countries, for the expansion
or establishment . the carsl\m'ic and glass Industries
including an asscssment of the market in the country and

the CARIFTA reglon for ceramic and glass products,



1. SUMMARY

The cluy huilding briek industry in Trinidad tu a develojed one gonerally,
Hlovoaver, to cover future demnands, extension of tho three existing factovies vather
(ran instailing rew ones Is suggested,  This Is malnly bocavse of the oxperience
salned by these factories,  Recouditioning and renewal of two of the thraoe fantorizs
‘s exwential, l.c.» Oropouche and Rio Claro brick fuctories. Source for the

Alisacng elay, sand or eguivalent near the Rio Claro factovy to bo mixed with (by

plastic one, is to he sceked rather than getting iL from {ar awav, The third

caetory in Longdenville is a renewed one with prope- techaology.  Dxtension of

.

thig ‘uctory to produce split tiles, and scwer pipes Is sugjested.
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Trinidad ic p country of cluvis,  Howeves, (hoo
hetcerogenzous,  Homogenisation before use Is tmportant, cspecinily wien o

£o1n 2 of tho fine earthenware industries. Estimation of the roserves haes to he




carried oul. It is suggested that CARIRI, through the help of UNIDO, starts

making this survey in connection with the Ministry of Petroleum and Mines,

This survey will cover already quarried areas and new areas, especially those

for the whitish burning clays near Arima and Valencia,

4, Concerning the fine earthenware Industries, there is only one factory

in Diego Martin glazing imported biscuit fired wall and floor tiles with imported
glazes, There is a possibility for this factory to have a production process for
the bod_' mass with local raw materials, A preliminary feasibllity study was
prepared which justifies this possibility, However, the fluxes needed, eapecially
in the case of flour tiles, i.e., potash feldspar, are not found in Trinldad and
Tobago and have to be imported. Use can be made of the abundant limestones {n
‘l‘rinidaq and the dolomitg of Pt-Gourde in the body mass for wall tilos. The waste

wndersize quarty sand, amounting to thousands of tons in the concrete and glass




industries, causing storage problems for the firms concerncd, can be used in the

ceramic industries and in the cellular concrete manufacture, as will be mentioned

later.

8. Guyana is a nearby country to Trinidad and Tobago and is one of the |

CARIFTA group. In this country there are big resources of ceramic raw materials

of average good quality. These raw materials are the kaolin, the quavtz sand, the

feldspar as pegmatite, the bauxite and the refractory clays. Trinidad can make use

of those raw materials in developing new ceramic industries, taking into considera-

tion the availability of cheap liquid gas fuel.

6. The suggested industries are;

1. A plant for the production of table ware, sanitary ware and

electric insulators.




3. A plant for the production of aluminous fireclay and alumina

refractories.

A feasibility study will indicate the suitable size of these plants.

7. The new washing and screen plant for glass sand in Matura has to be
sheltered as corrosion and iron scules arising from the dryer coptaminate the
prepared sand, The rejected undersize quartz sand, amounting to about 12% of

the total consumption, can be used in the ceramic industries.

8. The problem of not having enough reserves of glass sand for the glass
factory, especially when expansion is concerned, can be solved in the following
ways :

1. Proper geological survey and plan for estimation of reserves

for the white glass sand.




2. In cass of containers for beer, alcoholic and soft drinks,

the possibility of using coloured glass is to be considered,

and in this case it is not only possible to use available ordinary

quartz sand, but also local limestones.

3. Use of the huge reserves of glass sand in one of the nearby

CARIFTA countries, i.e., Guyana,

9. It is suggested that a feasibility study taking into consideration the

external factors be made for the extension of the glass factory to manufacture:

8. Sheet glass.

b, Pressed glass table ware, e.g., tumblers, cups, saucers,

and manual blown glass ware.

The experience gained by the workers in the exlisting factory helps in

the start up of these new products.




10, Gypsum deposits of average good quality are found In Trinldad, near

8t. Joseph. Prelliminary tests have proved that it s suitable for the manufacture

of Plaster of Paris needed for moulds in the ceramic industry. Dwelling areas

are extending over some parts of the deposit. It s suggested that the Mintstry of

Petroleum and Mines take the necessary steps for :

a. 8topping buildings tn this area.

b. Proper estimation of the reserves, say, by core drilllag.

If there are enough reserves, it (s suggested to (nstall a small unit for

the production of Plaster of Paris,

n. The massive hard limestones abundant in Trinidad, e.g.,» Laventille,

QGasparee Island, Pt-Gourde, have good physical properties and are suitable for

firing in shaft or rotary kilns for the manufacture of lime. It s suggested that

the one lime factory In Trinidad (Port-of-8pain), extends Its capacity for the



purposes of lutroduclng sand lime bricks and cellular concrete manufacture, The

waste sand ia the adjucent readymix concrete plant, amounting to ahcut 100,000 tons/

year, can be usad successfully in the manufacture of celiular concrete. A feasibility

study i8 suggested for such a product which could not orly be competitive in pricz to

the concrete blocks, but have heat insulation advantage in the form of cellular concrete.

12, As there is a cement industry in Trinidad the possibility of making cemented

asbestos products may be considered (e.g., corrugated sheets, pipec and pillars).

13.. In all these industries the preventive maintenance awareness (8 Impcrtant.

Essential spare parts for the machinery and equipmcent must be sccured., Reyulus

training of personnel must be carried out.

4. The market condition and demand projection within the CARIFTA region

of about four million people is a small one, This is why when consldering the new




industries, seml-automatic and intermittent rather than continuous processes

are chosen in some cases which are at the same time labour consuming. Naturally,

the machinery and equipment should be of high efficlency and of the latest development.

Thelr size will be rather small and adapted to less malntenance using the available

cheap not highly skilled labour to work on,

18, I think for the flourishing of such projects co-operation and co-ordination

between the countries within the CARIFTA region are necessary. The size of the

market Is too small to accommodate more than one production unit of any of these

suggested new industries apart from bullding bricks.

16. The extension of the ceramic Industries existing in Trinidad and Tobago,

as well as the introduction of new Industries, justifies the installation of a ceramic

laboratory in which fundamental, applied and development research are carried out,




Also it will carry out control tests on request. The running of this laboratory
can be co-ordinated between CARIRI and the Universlity of the West Indies

(Dr. R. O. W, Fletcher, Head of the Physics Department),

R
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. BURVEY OF THE TRINIDAD AND_ TOBAGO

CERAMIC INDUSTRIFS

17. The Ceramic and Glass Industry in the country is confined in the
following:
1. Building clay bricks and blocks,
2,  Glazed wall and floor ceramic tiles.
3. Cottage pottery and ceramic art ware.
4. Glass containers (bottles) - incandescent lamps assembly
based on imported glass bulbs and other accessory materials.

5. In a broader sense Lime and Portland cement.

18, Bullding clay bricks and blocks

There are three factories in Trinldad for the production of clay

bullding bricks and blocks. These factories are s

1. Alstons Building Enterprises Ltd., Longdenville Factory,
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L 1 Rio Claro Brick Factory, South Trinidad.
VI Oropouche Brick Factory, South Trinidad.
v 1. . The production is mainly of hollow blocks for walls and ceilings.
Perforated or solid bricks can be produced on demand. The main size produced ls
4 x 8 x 12" with an average weight 10} lbs, each. Other sizes are produced alsa,

The capacity of the three factories is about 490 tons/day.

19....,.: The first factory Is a renewed onc with proper technology having a capaclty
380 t/d equivalent to about 80,000 hollow blocks 4 x 8 x 12", The stiff mud
process is used for manufacture. It began operation in the year 1934 and was upduted
with new equipment in 1962, 1966 and again In 1969. The raw materlals employed are
dug from pits nearby, one for siliceous clay and the other for plastic clay, The stiff
mud process is used for manufacture. Théra are three lines for manufacture, two

for standard hollow blocks which are fired in two car direct fired tunnel kilns, the
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third is for special shapes and are fired in seven down draught kilns.  The hot air
from the cooling ends of the tunnel kilns and the waste heat from the down draught
kilns are used for drying. The firing is with natural gas, The firing temperature
is about 1120°C in the tunnel kilne and in the down draught kilns, | There I8 laboratory
in the factory for routine tests and quality control. The quality of the production s

generally good.

20, The second clay brick factory at Rio Claro in South Trinidad has certain
technicnl difficulties, The plastic clay is quarried from an adjacent hill. The
siliceous clay and sand are brought from far away in Longdrnville. The main pro-
duction of the factory is hollow blocks, size 4" x 8" x 12". The output of the
mass preparation (one shift) is 2,000 - 2,500 blocks per hour. There is one
de-alring auger machine, The soft mud process rather than a stiff mud process is

used in manufacture. The bricks are dried on shelves on a multi-channel dryer.
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The firing I8 in a car direct fired kiln using liquid fuel. The firing temperature

. {s about 950°C. The percentage rejects In drying and firing are high,

21, The third clay brick factory at Oropouche South Trinidad is a very old

factory. The raw materials, plastic clay and sandy clay, are excavated from a

nearby quarry (pit). The daily output (on 8-hour shift) is 3,000 hollow blocks

dimension 4" x 8" x 12" and with three holes. The soft mud process is used

rather than stiff mud process. The blocks are put on chelves and left to dry in

the open air under sheds. The firing is in two down draught kilns fired by fuel

oll. The firing temperature is about 11500C,

22. There 18 a fourth small factory called Caribbean Clay Products in lere
Village in South Trinidad, It has not been installed yet, although some trials

were done eleven years ago with some machinery and equipment which were bought
at that time.

More detalls about these factories are found in Appendix No. 1.

T




23, 2 - Glazed wall and floor tiles;

There s one factory in Trinidad and Tobago producing glazed wall and
floor tiles; It is a new factory which started about three years ago. In this stage
of production the factory ls importing the biscult fired wall and floor tiles and the
glazes. Inthe second stage of production the biscult tiles will be manufactured
locally, first using imported raw materials and then using local ones,

The dally output of the factory (mass preparation one shift) is about
380m? glazed tiles with a dlmomién 10 x 10 em, thickness 9 mm for floor
‘tilesand 16 x 18 cms, thickness 6 mm for wall tiles, Floor tlles represent
| about 20% of the total production,

For firing, a pushing slab muffie tunnel kiln is used. Liquid fuel s
used for firing, the firiug temperature Is about 980°C,

According to a preliminary study (Appendix No. 3) it is feasDle to

produce these tiles from local raw materials basod on the expected
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market defined by the manufacturing company. The preliminary tests

of the local clays, e.g., clays from Wallerfield, Longdenville and mur) clays from

Mayo, show that these clays are suitable for the manufacture of wall and floor tilcs.

More dctails about this factory are seen in Appendix No. 1.

24. 3_- Cottage Pottery and Ceramic Art-Ware;

The cottage pottery in Trinidad and Tobago is a primitive on¢, but covers
a certain requirement of the locnl market in products such as, plant pots, saucers,
dias (used by Indians in Holy occasions), vases and lamp shades., There are
about 13 workshops in Trinidad for this type of production, four in the south near
Rio Claro and eleven in the north in Chaguanas. The total anuual consumption of
the clays and sand used hardly exceeds 1,000 tons.

More details about these activiiies are found in Appendix No, 1.



28. 4 - Clear glass contalners (bottles):

There (s one factory in Trinidad for the production of clear glass contalners

(bottles) for beer, alcoholic and soft drinks. The new factory started production in

April 1872, The designed capacity of the plant is 120 tons glass/day, while the uctual

production now is about 80 tons glaas/day. The designed capaclty is taking Into con-

sideration 2 consumption growth in the local market and some export to the nearby

islands and Guyana,

The factory uses local white quartz sand from Matura area, with a consumption

sbout 80 tons/day. This sand Is treated in a unit installed recently near the quarries

where it |s washed, screened and dried. The llinestone soda ash (dense) and the other

additions noeded for manufacture are imported. A continuous glass tank with recupera-

tion Is used, The temperature inside the tank s about 1550°C, The firing ls with

natural gas arriving at the factory by a plpe line from Texaco., There are two automatic

shaping machines for bottles with their annealing furnaces, fired also with natural gas
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at 550°C, A decoration kiln fired with natural gas is used for fixing
the overglaze decoration and printings, on some of the production. The firing
temperature is about 600°C. There is a small laboratory for quality control of
the production, The percentage rejects amount to ahout 20% which is used again
in the batch as cullet.

More details about the factory are found in Appendix No. 1.

28, b - Lime:

‘The lime factory in Port-of-Spain is the only factory in Trinidad and
Tobago manufacturing lime, It I8 a very old factory, The hard limestone from
nearhy areas, e.g., Laventille, after crushing to sultable sizes, is burnt In two
shaft kilns. Firing is with liquid fuel oil (grade No. 6) at a temperature of about
.i000°C. Haif of the amount of the quick lime produced is packed in steel drums,
the other half is slaked and packed in multiply paper bags for local consumption

and for export,
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The factory 18 also grinding limestone (the undersize not used in the
shaft kilns) for agriculture purposes.

This ground limestone can be used (n the batch composition of some
oeramic bodles and In glass, taking into consideration the amount of iron oxlde
in it,

The factory has no laboratory. If the production of lime is to be
expanded for use (n the manufacture oi sand-lime bricks and cellular concrete,
quality control of the raw materials, manufaturing process and finished products,
is Important. The determination of active lime, its temperature and time of
slaking, must be a regular test. The values obtained must be in accordance with
the lﬁoiflcatlom. The cellular concretc and sand-lime brick manufacture is
recommended as a new field in building construction ln‘ Trinidad and Tobago,
Owwlﬂly when there is waste sand avallabfe from other nearby industries
(0. g.» 100, 000 tons/year fine quartz sand waste In adjacent Ready-mix Concrete

plant).

More details about this factory are found in Appendix No, 1.
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.  RAW MATERIALS AVAILABLE BOTH LOCALLY AND IN
OTHER NEIGHBOURING COUNTRIES FOR THE EXPANSION
OR _ESTABLISHMENT OF CERAMIC AND GLASS INDUSTHILS

A, Local Raw Materials
1. Clays
217, Clays are generally abundant in Trinidad and Tobago. In Trinidad in

the north, e.g., Wallerfield near Arima and near Valencia, in the middle, in
Longdenville, Carlsenfield and Mayo, in the south, in Oropouche and Rio Claro,

'They vary in colour from black, greylish, yellowish, reddish and white. All these
clays disintegrate in water having a very good plasticity. The mineralogical com-
position I8 mainly kaolinite, montmorillonite, {llitec and quartz in varylirg proportiors.,
The marl clays, e.g., Inthe Mayo area, contains calcium carbonate in addition to
the clay minerals. Apart from the marl clays used in the manufacture of cement,
these clays are quarried malnly for the manufacture of clay building bricks, a very

small amount is dug for the cottage pottery and the ceramic art ware. The annual
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consumptlon of clay from the clay quarries for building bricks in Longdeaville, Rio
Claro and Oropouche is about 196, 000 tons/year. The estimation claimed by the
quarrying companies for the reserves s not a proper one. Proper estimation of
the reserves by core driling or augering la suggested to be carried out, 1t Is
suggested that CARIRI, through the help of UNIDO, starts making this survey In
connection with the Ministry of Petroleum and Mines. This survey will cover
already quarrled areas and new areas (ncluding those for the whitish burning clays
near Arima and Valencia. Examlnétlon of all these clays showﬁ great heterogenity
within the same pit. To overcome this heterogenity for proper production, sump
imstallation in thg factorles using it I8 necessary, In these sumps the cluy is spread
horizontally and cut vertically for dally use, The slze of these sumps can be for two
to three months consumption. Apart from the Wallerfield and Valercla clays, which
are siliceous enough, the other clays, o.g.. in Londgenville, Rio Claro and Oropouche,

are very plastic with a high shrinkage and sensltivity in drying and firing. This

.

e
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necessitates the addition of either siliceous clay, sand or equivalent to cortvol the
drying and firing behaviour at the same time keeping the workability and strength
of the green mass reasonable, The added percentage varies between 4 and 60%. '
In firing the proper strensth is attained at a timperature varying between 950°C as
in the case of the clays from Rlo Claro and 1150°C as in the caso of the clays from
Longdenville and Wallerfield. Above 1200°C vitrification occurs and possible dis-
tortion of the body. These clays have the advantage that they do .ot contain soluble
or partially soluble salts to cause efflorcscence, Also they do not contrin any harmful
nodules or particles of calcarious compounds which after firing converts to calelum oxide
which hydrates with egpanslon causing burating or flaking in the part it s present in.
These clays high in iron content fire into & nice homogenous reddish brown colour,

The colour of Wallerfield clay after firing is buff colour. That from Valencla
are is whitish, However, it seems that the reserves arc small. The clay is not eatend-

ing in thick layers. In some other parts it is in a sort of pocket



- 24 -

with the other reddish clays which makes big scale excavation and separation
difficult. For ceramic art work with low consumption It can be dug manually.
For big scale work it has to be excavated with the other accompanying clays,

and homogenised before use. At the moment there is a crew from the Minlstry
of Potroleum and Mines making augering there. The results will give a complete
plicture for the possibilities there.

These clays in the wet season may contain molsutre up to 18%. The
samples of the different clays were fired as it is in lumps at different temperatures
$00°C, 1000°, 11000, 1200°, 1300°C for the preliminary information about texture,
ocolour, porosity, sintering and strength, The drying shrinkage of the clay mix varies

within 6%, the firing shrinkage s small in some cases it is 0.5 at 1o00cC.

8. Concerning the marl clays near Mayo in the centre of Trinidad, there was
no chance to visit the quarried areas and take samples to see its sultability for the
manufacture of some ceramlic products, Arranging this visit was tried but without

success. However, a sample of this marl clay was brought from the quarry o’




during the writing of this report. From the preliminary tests, the clay is yellowish

grey in colour, it disintegrates easily in water. By firing at 1000°C it is light brown

In colour and develops good strength. One can identify few small white particles of

lime. The percentage of calcium carbonate ln this clay is about 10%. Estimation

of the economic reserves is suggested. This clay can be used successfuily in the

batch composition of ceramic bodies ltke wall tiles. In using this clay it has to be

ground in ball mills in order to finely divide and homogenise the linestone present,

29, The report connected with the finished Geological Map of Trinidad is not ready

yet, so the information we have concerning the ceramic raw matertals depends mainly

on very old geological reports, reports accessible to the Ministry of Petroleum and

Mines and the Technical Information Service of CARIRI. No information was avallable

from Texaco.




30, In Tobago, according to the geological survey done by Maxwell, clay (s

found in different areas in the south western part, e.g.» Rockly Bay near Scarborough,
Old Government Stock Farm, Bishop's High School, Montgomery School and Dutch Fort
Road, Samples were only taken from the flrst three places as proper samples of clays
from the other areas wore not accessible,

The clay at the sea-cliff about 1} miles south of Scarborough has an overburden
of about 60-100 cm, the height of the cley face is about 6-7 metres, In length It ls more
than 200 metres. It is said that it oitondl In the Interlor ard there s a clay slide of 100
metres during the last 26 years. These clays, greyish yellow In colour, are plastic.
The clay at Rockly Bay is & sandy one, disintegvating easily in water. By firing at
$60°, 1000°, 1100°, 1300°, 1300°C; the colour is reddish brown, sintering at about
1200°C. Good strength attained at about 1100°C.

These clays after the estimation of the reserves can be used In the manufacture
of heavy clay prodats, L. e, bullding bricks, glazed sewer pipes with the addition of sand

if needed, o.g.» undersize from the newly Installed Mobile Goldsborough crushing,



screening and washing plant for gravel and sand for building purposes. The possi-

bility of adding the screened volcanic disintegrated tuff, e.g., John Dial area and

Mount 8t. George may be studied. However, a feasibility study s suggesied to see

if it is justified to Install a unit for thelr manufacture or if it Is better to transport

these products for the very small market from Trinidad.

2 - Quartz S8and_(White)

3. According to the surveys aixd reports by Sutton, D. Thatcher and others, the
reserves of white sand for the glass industry aro sinall, These deposits are within
the areas - Arima, Valenclia, Matura, According tohe estimation of the glass factory,
the working area now used, 8} miles from the washing plant on the Toco Maiu Rozd, there is
a reserve for the factory for about 2} years. There I8 another area to the cast of the
above-mentloned area which also contains glass sand. Taking into conslderation that

about

the annual consumption of glass sand by the glass factory 1818, 000 tons, the need for 30

yoars will be 840,000 tons. With a reject of 12% undersize in washing and screening, the
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needed amount will be about 614,000 tons not treated sand. The already known reserves
are not enough to cover the needs of tha factory even without extenslion, It is suggested
to carry out a proper geological survey and plan for the estimation of not only white glass
sands, but also the other grades of quartz sand, e.g., higher in iron content which may
be used in coloured glass. The clear colour for the glass containers is not importanf in
a majority of cases. The possibllity of using the huge reserves of glass sand in one of
the nearby CARIFTA countries, l.e.,» Guyana s to be considered later wher new glass

industries justifies its use,

a1, There ls a recent sand treatment plant in Matura for washing, screening and
drying of glass sand. It started operation about six months ago. The sand is brought
from the nearby quarry by trucks and dumped Into the open store. The sand (s taken by

a belt conveyor to a vibrating screen where a high pressure jet of water is applied,

The oversize sand is separated. The fine particles floating over the sides of the recelver
are taken to sedimentation tanks, A cyclone is used to separate most of the water from -

the sand. The wet sand is taken by a belt conveyor to a rotary dryer, heated by diesel

LEN



oil to a temperature of about 140°C. The maximum output of the plant iz 60 tons
per day., The average dally output s 40 tons. From the dryer the sand passes
through a screen to the pit of the bucket elevator which feeds It to the storagc silos,
ready for despatcﬁ to the glass factory by trucks, The analysls of this sand is:
8103 Alg04 Foy0q Ca0
) 0.08 0.04 0.01 %
It was noticed that this unit was erected in the open alr, subjccted to the wanther
oonditions, malnly rain. The rotary dryer and its accessories suffered badly.
Its shell is already rusted. Some of the rust and iron scales; caused mzinly {rom
the connection parts of the burner with the body of the dryer, comes out with the
washed sand. This is very harmful as it stalns the manufactured clear glass when

this sand is used.. A shed Is suggested at least for the part affected by the weather

oconditions.
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3 - Limestones

33, Limestones of different qualities, physically and chemically, are abundant
In Trinidad. Corals are abundant in Tobago. The survey by the Ministry of Petro-
leum and Mines ""Analyses of Trinidad & Tobago Rocks, Minerals and Ores' gives a
description (location, colour, hardness) and chemical analysis of these llinestones.

For the time being hard limestones, e.g., in the North of Trinidad, are
quarried mainly for road and bullding construction. The softer limestones near Mayo
In the Central of Trinidad, are used for the cement manufacture. ‘The lime factory
uses hard crystalline limestone from nearby quarries, e.g., Laventille for the manu-
facture of lime. The undersize is ground to 100 mesh sleve and used for agriculture,
This grond limestone can be used in the body composition of some ceramlic products
also or in the batch composition of glass. Purer grades as regards iorn oxide may be
used according to demand,

These hard limestones vary in colour from whitish through greyish to dark
bluish colour. The average composition is about 98% calclum carbonate. The rest

being mainly silica, magnesia, iron oxide and alumina. There are good qualities of

&



of 1imestone with low iron content, e.g.» in Gaspar Grande und Pt, Gourde. The
physical properties of the above-mentioned hard limestones, whether before, during
or after firing according to the preliminary tests done, are good for making lime
whether in shaft or rotary kilns. Being of high cold crushing strength, also it does

not break or disintegrate in firing and still of acceptable strength after firing.

4 - mite
4. In Button report (1883) it was mentioned that there s a dolomita in some
of the Pt. Gourde limestones. Samples were teken from four diiferent arcas in
o B Gourc.lc. The sample from Carenage bay police boat yard has, according to the
chemical analysis done at CARIRI, about 44% MgCOj, the rest being CaCO3. This
w crystalline massive dark grey dolomite can be used after grinding in the ceramic

body compositions, e.g., wall tiles as & source of CaO and MgO. Estimation of the

reserves of this raw material is suggested to be done.
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8 - Gypsum

35, | Gypsum deposits occur near 8t. Joseph in Trinidad, Thls was reported
by Sutton "The General Geology of Trinldad" 1952, by Sutton '"The General and
Economic Geology of Trinidad" 1860, by Thatcher "Economic Minerals in the
Northern Range," Trinidad and in Tobago 1960 and "Analysls of Txinidad and
Tobago Rocks, Minerals and Ores" gathered by the Ministry of Petroleum and
Mines,

The quarry which is near dwelling areas is not working. The Inclined
strata of gypsum which is extending several metres up is continulng down into the
ground, The matorial s crystalline masslve. Two qualities are ascertained,
one Is white and the other greyish white. The material s mainly hydrated calelum
sulphate (CaSOy4 2H,0) with no anhydrite and little calcium carbonate, about 3%.
Preliminary laboratory tests for making Plgﬁter of Parls by heating the crushed
gypsum to 170°C In a crucible with contlnuous stirring for about two hours and then

grinding the final product and testing its setting and hardening properties, were .

successful. The plaster sets into a hard mass. Thls gypsum can be used for
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making the Plaster of Paris needed for making moulds In the ceramic industry,

It I1s recommended {o start a survey for estimating the reserves using core drilling

or any other convenlent method. If the reserves prove economical, it Is suggested

to stop dwelling in these areas and keep it for quarrying gypsum,

It was stated by Sutton that gypsum is fourd on the beach near Oropouche

Lagoon in a crystalline form, but it is however uneconomical in his opinlon.

¢ - Procellanite

36. There is a lot of literature about porcellanite in Trinidad. However,
there s no Information about {ts use In the ceramlc industries. Samples wero
brought from one of the biggest quarries near Buenos Alres. This natural burnt
clay rock is reddish brown to yellowlsh in colour and is somewhat hard. In firing

to temperatures 1000°, 1100°, 1200° and 1300°C, a slight change in colour with

some cracks developed in the fired pleces. The raw porcellanite was grourd and
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and added to the ceramic mass as & part of the opening raw materials, reducing the

drying shrinkage and as a source of K70 in the mass. However, the thioxotropic '
behaviour of the slip was high and much water was needed for flowing properties.

Acoording to the reported X-Ray examination of this material, the phases identified

are alunite, quartz, cristobalite, & Fey03, metahalloysite, tracos of mullite, Y Aly04

and possibly some kaolinite. The Alunite reported to be 18% may be the reason for

this thioxotropy behaviour of the slurry., Further studies are suggested.




B. Ceramic Raw Materlals in Guyana = a nearby country within
the CARIFTA Area,

317. A visit was arranged to Guyana to assess avallability of raw materials J
needed for expansion or establishment of ceramic and glass industries in Trinidad and
Tobago. The following are the raw materlals found there :

Kaol in:
38, Kaolin extends under the bauxite belt in Guyana. It is reported that It extends
about 30 ft. down. The area visited in Topira, near Ituni, ls about 38 miles away from
Linden. The face which is about 3 metres high is of white, soapy, plastic kaolin,
Kaolin can be noticed exposed In the whole area where the bauxite was taken away. A
sample was taken for testing, This kaolinite disintegrates easily in water. It is malnly
kaolinite mineral. After burning at 1000°C, 100%c, 1200°C, 1300°C and 1400°C,
the material is white in colour and porous, texture (s withou{ any cracks. It begins to
sinter at 1400°C, Indicating that alkalles are very rare. However, this waé indlcated

also by the following chemical analysis, done in Italy:

Biog  Aly05 Feg03  Ti0p Ca0 Mgo Kg0 Nagd L.O.I.
‘5.1 39.‘- 005 - 0055 - had 0.06 - 0-02"
40.0 0.6 0.78 0.12 0.18 0.06 14%




The reserves in one part, in Topira, Itunl, are estimated to be 300,000 tons, Particle

size distribution indicated that about 76% is less than 24&and about 25% from 5/“0 IVU

The material 18 not yet ln use, A study by Japanese experts on this kaolin is going on.
Also, few dark spots, mainly due to iron contamination possibly from bauxite layers above

the kaolin, can be noticed in some of the samples,

Feldspar:

39, Pegmative viens are common In the granites quarries in the Bartica area,
about 40 mlles away from Georgetown., The prellminary estimation of the reserves in
one of the areas is about 10, 000 tons of pegmatite. It I8 reported that potash and soda
feldspars (microclin and albite) make up about half the rock, the balance peing quartsz
with traces of black and white mica, No tlme was avallable to visit the area. However,
samples brought to us after preliminary testing indlcated that this pegmatite (pinkish in
oolour) s potash feldspar with some quartz in it. After firing to 1300°C It fuses to a

white, opaque mass. .
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Quartz sand:

40, The hills of the left bank of the Demerara River, 30 miles south, arc of

white sand. One can observe also the white sand extending on cach side of the high

road on the way to Linden (MacKenzle) from Georgetown, where a sample was taken,

Under the lens one can ldentify white grains of quartz, rarely discoloured grains are

seen. It Is reported that white sand can extend to about 100 ft. deep, covering con-

siderable areas between Bartica, on the Essequibo River and the Corentyre River.

The average grain size varies between the limits 0.25 to 0.5 mm. Theaverage

chemical analysis Is 98.7% sl03. The Feq03%, before magnetic separstion, {8 up

to 0.14 and after magnetic separation 0.008. The heavy mincral fraction which Is

removed by magnetic separation is made up of the following main minerals in order of

decreasing frequency -

Tmenite, magnetite, limonite, tourmaline, zircon, rutile.

The report by R.A. Dujardin, 1988, Geological Survey Department, Guyina, includes

information about this white sand as a possible source of glass sand.



Bauxite

4. Raw bauxite production in Guyana for the year 1971 from all mines in the

oountry is 4,166,709 tons.

Production streams 1971, in tons

Demba/Guybau Reynolds
Dried metal grade bauxite : 1,024,648 800, 729
Chemical grade bauxite : - 228,313
Caloined bauxite (refractory) 621,333 88,869
Alumina | 305,320 -

The refractory grade of dried raw bauxite and the calctned bauxite are known worldw'da,
and are of interest in the refractory industry. Naturally, Alumina can be used If the
prioe Is ;ccept;ble. As we passed by the factory (n Linden it was noticed that there is
po electrostatic fllters for the waste gases, the smoke from the chimneys (s loaded

with dust. Thia fine dust constitutes about 5% of the total production. In addition, it
oauses pollution of the alr and Jand in near areas. The mining operations of the bauxite
are huge. The over-burden can be up to 100 ft., mainly of sand. In the working area

visited, Ttuni Block 18, the thickness of the bauxite layers




- 30

are about 12 ft, The minimum economic thickness of bauxite for quarrying is six feet.

However, layers of bauxite up to 30 ft, thick are usually found.

Samples are taken continuously to the factory for quality control. The bauxite s about

90% gibbsite and 10% Boehmlte,

The chemical analysis of the calcined refractory grade is :

Alg04 Foq04 Ti09 810y L.O.1,
86 3,28 3.28 5.5 -

The loss of ignition of raw bauxite is about 30%.

Refractcry Clayss

43. Assoclated with the overburden above the bauxite belt. The area visited is
the Old Montgomery Quarry for bauxite, near Linden, Tho refractory clays are of two
types, one whitish in colour, with an average thickness of 2} ft., and the gecond greylsh-
black with thickness that can reach 30 ft. Bamples of these clays were taken for
preliminary examination. These clays disintegrate In water, having good plasticity.

By {iring in an electric kiln at 1000°C, 1100°C, 1200°C, 1400°C. They are porous,
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'vhituh in colour up to 1200°C., At 1300°C sintering occurs with the colour chaning to
greylsh, At 14000C complete sintering with deeper colour. Further tests in combina=
tion with bauxite calcined and raw to indlcate the optimum conditions for the needed
qualities of refractorles by the gemi-dryprocess are sugg-sted, Alsoy Investigation
for reserves and possible system for winning these clays economlically when they occur

tn small thickness is suggested.,

Steatite (Soapstone) Massive

43, Kauramembu Soapstone Deposits, Barama River. I is reported that tho
possible roserves are 3,156, 00 tons.

The sample of massive soapstons was delivered to us. Owing to time limit
we did not visit the area from which it was brought, Its colour is whitish-grey and it

is soapy in texture.

e Ta

ey
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By firing the sample at 1300°C (¢t turns dark colour (blacklsh), Indicating

a high percentage of iron, This (s conflrmed also by the chemical analysis given by
the Geological Survey Department of Guyana:

48-584 4,19 - 9.4 14-17 1-3 5-8 -4 %

8o the material does not conform with the specification of the ceramic grade steatlte.

COMMENTS
4., In my opinion the kaolin under the bauxite belt 18 classed as grade one In the
oeramlic Industry, i.e., for the manufacture of hard porcelain. However, to ensure
constant composition of delivered batches In world market, simple concentration methods
are suggested. These Includc specific gravity separation in settling tanks, de-watering,
drying and packing.

The potash {eldspar (pegmatite) is of a good quality, It can bé used as a
flux {n the ceramic white ware industry, Its economic use is governed by its accessi-
bility, homogenity of enougb reserves. The statement in the Annual Report (1971) of

the Geological Survey and Mines Department in Guyana, that pinkish colour of this
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potash feldspar Indicates excessive iron is not right. As a matter of fact the pinkish
oolour of the potash crystals has no relation to the amount of iron, it fuses to a white,
milky mass, Indlcating that it is a proper ceramic grade,

The white sand, abundant in Guyana (left bank o. the Demarara River,
between Georgotown and Linden) Is pure quartz and can be employed in the production
of highest grades of ceramlc and glass ware. However, according to the particle
size distribution curve of this sand, there is about 25% of over-size and under-size
grains, useless to the glass lndustrjr. which have to be screeded away in guarry site
before transport. Electromagnetic separation may be used In case of {irst-grade
sand (for the highest grades of ceramioc and glass ware) to separate the impurities
comtaining iron, e.g., (menite,

Export of these three high grade raw materials, 1.e., kaolin, potash,
feldspar as pegmatite and white sand, to Trinidad and Tobago Is possible as long as

freight problems are solved,




The refractory clays above the bauxite can also be transported and used

in conjunction with the trans-shipped bauxite to start a refractories industry in
Trinidad, The production will be aluminous fireclay and alumina bricks (Mullite)
with alumina content varying between 52 and 73% alumina. Depending on cheap local
fuel, these high priced products (several times the price of the refractory grade
caloined bauxite), I think will find a market locally and also In the nearby and far
oountriss., However, feasibility stud'es have to confirm this.

The mulIhn steatite nsﬁplo delivered by the Geological survey departinent
of Guyana was of & poor quality and this steatite cannot be used In the cerarlo white

ware industry.



V. ASSESSMENT OF THE MARKET IN TRINIDAD & TOBAGO
AND THE CARIFTA REGION FOR CERAMIC & GLASS PRODUCTS

Introduction

4. The twelvo countries of the Caribbean Free Trade Association are
Barbados, Cuyana, Jamalca and Trinidad and Tobago, which became known as
the More Developed Countries (MDCs), and the rest, Antigua, Dominica, Crenada,
Montserrat, St. Kitts-Nevis-Anguilla, St. Lucia, 8t. Vincent and British Honduraa,
known ss the Less Developed Countries (LDCs). These (LDCs) were forming them- '
selves into the Eastern Caribbean Coﬁxmon Market (ECCM), an organization within
the CARIFTA framework., The total population of them all is about four million.
The biggest country In population {s Jamaica, about 1,811,400, and then the second
{s Trinidad end Toba@o. about one million,
Figures for expected market conditions and Government projects in the

aext ten years were not avallable from any of the official sources in the country.
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However, if a market projection s made on the basis of the market size and Its pro-

greas within the last six years (1966 - 1971) we arrive at the following :

L Bullding Clay Bricks
TOTAL IMPORT
Year Wt. in tons Value TT§ CIF
1966 17.3 81,317
1967 ’ 20.9 3,352
1968 222.3 10,303
1969 124 1,399
1970 49.6 3,323
1971 28.6 9,107

Data for the yoar 1972 was not available up to the time of writing this
report. The total capacity of the existing three factories is about 147,000 tons/year,

equivalent to about 30,9 million bricks and blocks/year (dimension 4" x 8" 12'),
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The total production of bullding bricks, clay and concrete, in the year 1971, is about
22,785,800, The flgure given (the Economical Intelligence Unit Ltd. (1972), Eastern
Carlbbean and British Honduras Industrial Survey) of 30 clay blocks per head of the
population for the Carlbbean building trade If applied, wi.i come to the same figure
glven, The average price of 1,000 hollow clay bricks (4" x 8" x 12") Is TT§180
to TT$200 ex factory,

The average price for those In concrete Is TT$200 ex factory. Naturally,
bricks are an item which one never conslders for export being heavy, bulky, fraglle
and cheap material, Its distribution area s usually for economlioc reason3a within a
radlus of, say, 50 Km from the manufacturing plant,

A concrete hollow block size 3 5/8" x 7 6/8" x 115/8" weighs 185 lbs.
The clay hollow block size 4" x 8" x 12" welghs 10,5 1bs., l.e., the concrete

block of nearly the same size welghs about one and half times that of a clay block,

Taking Into consideration that the ex-factory price of the two is the same, it will be
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cheaper to bulld with clay blocks. The average price of transport depending on
the distance, ls about TT$6.00/ton. If reallsing that heat insulatioa of the clay
hollow block (s better than that of a concrete hollow block of the same slze, the
advantage of a polley for Increasing the productlon of the hollow clay bullding bricks
and decreasing those of concrete Is clear, The excess cement Is then saved, e.g.y
for export. A hollow sand-lime block can also be introduced, which is cheaper thau

the ooncrete block. A feaslbility study Is suggested.

Wall and Floor Tiles

| 4. batt concerning the size of market for floor tiles in the CARIFTA Region
is not avallable. The following table shows the wall tiles and fioor tiles imports
during the years 1966-1971, The total local production of wall and floor tlles s
oonsumed locally, l.e., about 1,250 tons/year. Then there s the possibility of
upoftlng the same amoux,u for the nearly million persons in the CARIFTA Reglon:
The possibllity of expanding the production, i.e., doubling the capacity, has to be

takan Into consideration., There ls always the possibllity of ceramic wall and
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floor tiles substituting other used materials if the prices are reduced to be competitive

with the other alternative. This may be achieved also by manufacturing biscuit floor

and wall tiles locally using local raw materials.

WALL & FLOOR TILES

TOTAL IMPORTS

Year Quantity In tons Value TAT § CIF
1866 893.8 424290
1867 ‘ 875.8 287494
1968 7.7 334229
1069 883.7 422618
1970 1448.7 797283
197 322.6 122847

Refractories

46, Data concerning the size of the market for refractories in the CARIFTA

Region 18 not available,

However, if we consider the existing industries tn Ceramic and those

suggested as new industries in Trinidad and Tobago, we find that these industries
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consume refractories as saggars, pushing slabs, supports, shelves, repalrs of

tunnel kiln car bottoms, If we add to this the refractories consumed mainly in

bollers of the sugar industry and in the petroleum refinery and cement industry,

a consumption of about 2000 tons/year of fire clay, alum'ous fire clay und alumina

refractories is foreseen. The installation of a small unit may be considered after

a feaslbility study.

The following table shows the imports of refractory materials in the

years 1866-1971,
REFRACTORIES
TOTAL IMPORT
Year Approximate quantity in tons Value T&T § CIF
1966 ' 8al. 7 361638
1987 81.0 221876
1908 863.4 269797
1969 882.9 287474
1970 1281, 8 414929
97 3377, 8 926932
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Table ware falence and porcelain, sanitary ware vitreous china,
Electric Insulators porcelain

47, Data concerning the size of the market in the CARIFTA Reglon s not

avallable. However, In the industrial survey (1972) by Eéonomlcal Intelligence

Unit Limlited (E,I,U.,) for the Eastern Caribbean and British Honduras, it was

suggested a plant for dinnerware with an ex-factory nle; value of about 1.5 milllon EC$.
The size of the market for table ware in Trinidad and Tobego In the years

1966-1971 s shown In the following table.

CERAMIC TABLE WARE INCLUDING ART WARE*
—_— FAIENCE, PORCELAIN, ETC,

TOTAL IMPORTS

Yoar roximate quartity In tons yalue T&4T§ CIF
1866 819.3 473100
1967 - 410.4 4564126
1068 837.8 470019
1969 288.0 888520
IQTO 370.8 682838
1971 300.7 693849

¢ Art ware about 2 to 3% of the total welight of the table ware.
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If we tako into consideration the possibility of export also to the CARIFTA Reglon, &
plant with a capacity 1000 tons/year may be feasible for falence production, Later

on it can be for porcelain and part of which can be electric Insulators,

Sanitary ware consumption in Trinldad and Tobag- from a preliminary

investigation is about 8000 pleces/year of malnly closets and closets with cisterns,
-wash basins, urinals and possible few bidets. Taking an average weight approximately
18 Kg. each, therefore total consumption/yenr Is about 75 - tons. Taking into considera~
tion au export in CARIFTA market in the same amount, therefore a pllct unit with a
ocapacity about 150 tons/year, l.e., about 40 pleces/day s suggusted, an Intermitieni
- shusttle kiln vtﬁ two cars Is considered for firing. A feasibllity study ls suggested,
The stlze of the market of the sanitary ware for the years 1966-1971 was not

available at the time of writing of this report.



Drainage ceramic pipes and glazed sewer pipes

48, Before the production of concrete plpes in Trinidad for sewerage, glazed
olay sewer plpes were Imported for the same purpose. 8o the use of conorete pipes
does not mean that the production of glazed clay sewer plpes is not feasible,

The market size for coucrete pipes for sewerage during the ysars 1968-197)
was not avallable during the writing of this report. It Is suggested that CARIRI will

oontinue this survey.

ottage potte 2
49. The consumption of the 13 cottage pottery workshops In Trinidad is about
1000 tons per year clay Including the amount of sand added. This amount of raw
mater lals produces about 800 tons/year saleable products In the form of pots for
plants diffcrent sizes 3" up to 14", lamp shades, vases, dlas (small vessel used by.
the Indlans (n the holy cocasions) eto. For regular production the price of each

plece varies between §1 TT for bigger pleces and 13 cents for smaller ones.
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If the policy of the authorities is to protect them rather than dlifusing them
in the new suggested ceramic industries, the Crown Land from which they are digging
the clay must be kept for them, and not sold for farming or bullding purposes. In this
policy, however, advice for improving the quality of the product using these primitive
methods will be more convenient rather than Increasing the cificiency of the procoss,
say, by partial mechanisation, For the latter one means that all have to close except
one workshop which can handle all the work done by the 13 workshoeps.

The amount of material used for the ceramic art ware i3 negligible.
Ceramic artware Is generally done here by the craftsman as a hobby In which he shows
his skills and c;-eatlons. She (he) works usually in her (his) home, There are about

one dozen of them in Trinitdad, Their output is small but usually high in price.

Glass containers (bottle)

8o. The production of clear glass bottles In Carib Qlassworks is about 21,000 tons

per year of bottles for beer, alcoholic drinks, soft drinks and others. The average
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welght of the bottle is about one pound, 65 gms. up to 650 gms. bottles can be

produced. The selling price per 144 glass containers weighing each one pound is

20 TT8. The following table shows the total glass containers imported during the

yoars 1966 - 1971. The wotal local production of the glass containers Is consumed

locally.

Data concerning the size of the market in the CARIFTA Reglon for clear

glass contalners Is not available, However, Inthe E.1.U, survey is indicated that

the CARIFTA demands for coloured glass containers could be'met by a plant which

will produce 5000 ton/year contalners, A feasibility study for the use of the idle

unit in the glass factory for this production is suggested.

GLASS CONTAINERS (BOTTLES)

TOTAL IMPORTS

Year Weight In tons
1968 974.9
1967 197.8
1968 1283.3
1969 4421.7
1970 2529.6
1971 6143.9

Value TT$ CIF

418,294

478,110

671,447
1,873,580
1,351, 863
2,547,470




A feasibility study for the expansion of the clear glass contalner production

Is suggested taking Into consideration that Jamalca produces its own glass contalners.

fhost glass

8. The E.IU. In its survey of the Industry In the eastern Caribbean and British

Honduras suggests a plant of a capacity 6000 tons/year, putting the precaution 'viability

would require oareful investigation",

The market size for the sheet glass in Trinldad and Tobago ls given in the

following table for the years 1966-1971,

Yeoar

1968
1087
1988
1969
1970
m

80, for a plant with a capacity 6000 tons/year, the posshilities of exporting

BIEET GLASS
JOTAL IMPORT

imatel

1n30.7
1370.4
1209.2
1961. 4
1088.2
1682.0

Value T&T8 CIF

736898
829654
834802
899828
843177
N7

part of its production may be considered, A feasibility study (s suggested,
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Pressed and blown glass table ware

83. The Eastern Caribbean Countries imports according to the survey done
by E.I.U, s in an order of 2,75 milllon E,C.§ and conslders about 1000 tons as a
baslo table glass ware.

The consumption of glass table ware In Trlnldadvud Tobago In the years

1966-1971 s shown In the following table i

TABLE WARE IN QLASS
TOTAL IMPORTS
Year_ Woight in tons Yalue TTS CUF
1966 623,08 § 501,373
1087 878.0 876,793
1968 831.9 616 , 930
1069 003.6 830, 889
1970 688, 833, 082
11} 63,0 783,659

The ‘ieulbutty study of s plant with a cspacity of 1, 800 tons/year is
suggested,

Market uquu tn Trinidad and Tobago and the CARIFTA Region for
ceramlc and glass, which has started in CARIRI s suggested to continue to cover all
the suggested expansions and the new ceramio and glass industrics tn Trinidad in detall

with the corresponding feastbility studies,

.“




V. SUGGESTED NEW PRODUCT CERAMIC AND GLASS INDUSTRIES

IN TRINIDAD BASED ON LOCAL RAW MATERIALS AND THOSE

IN NEARBY COUNTRY, GUYNAN, TAKING INTO CONSIDERATION
MARRET CONDITIONS AND DEMAND PROJECTION

1. Extenslon of a Ceramic factory for the production of biscult wall tiles
and floor tiles from local raw materials

83, A preliminary economlic study was made for a factory for the manufacture

of 190,000 m2/year of biscult wall and floor tlles from local clays, Appendix No. 2.
These biscult tiles are imported for the time being from Venezuela and Braz!l, In the
ocase of wall tiles, and from Italy, In the case of floor tiles. The total dally preoduction
of glazed tiles is about 350 mé; this is to be increased In the extenslon to reach 180, 000
m’/yoar. ’;‘hc clays, e.g.,» In Wallerfield and Longdenﬂlle arc suitable for the manu-
facture of these tilos. The marl clays in the middle of Trinldad, i.e., Mayo area, are
sultable also according to the preliminary tests done on samples received when writing
this report. In the case of tho-w;;ll.tlles. the colour of the biscult will vary between
buff to brownish .colour which has no effect on the gquality of the finlshed product, The
‘.oolour of the imported biscult tiles is white, that of the floor tiles ls reddish brown,

which will be the same with local raw material, The percentage of clay in tho batch

5
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will be up to 80%. It Is suggested that the balance ‘wlll be mainly potash feldspar in
the case of floor tiles (porosity less than 1%), and quartz sand plus doiomlte or lime-
stone in the case of wall tiles (porosity about 15%). The firing temperature will be
around 1100°C. Firing ccle and conditions of firing depend on the final composition
of the batch, It ls suggested that the final body composition and conditions for drying
and firing be done by the supplier of machinery and equipment. This, in future, could

be done In the suggested Ceramic Laboratory.

2. Extenslon of the clay brick industries to produces

84, (a) Glazed porous split tiles and later \itreous split tiles

This production can be started, e.g.,» in Alsons Bullding Enterprises Ltd.»
Clay Division, due to the experlence they have developed, as an extension of the clay
bullding bricks and blocks they produce. The plastic clays and siliceous clays in
the quarries of this plant can be used successfully. In the case of vitreous mass feldspar
up to 20% canbe added. In the case of the porous type, dolomite or limestone can be

added to the batch, Part of the existing machinery and equipment in the mass preparation
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will be used in the second shift,
The following machinery and equipment are to be added :

Shredding machine for the shredding of the clay coming from
the quarry.
Plunger for plunging the clay into a slurry.

Propeller mixer in which the additlons from tiie ball mill are
added to the slurry,

Ball mill for grinding the harder materials, e.g., limestone,
dolomite, fedspar, (f not delivered fine.

Filter press and pump for dewatering of the slurry.

Glazing machine and accessories for preparing the imported glaze

(later locally prepared) for the glazing of the tiles,

The fllter press cakes pass through the rest of the operations, as in the
oase of the extruded hollow bricks, the mouth plece belng changed by that for split tiles
(tﬁ double split tiles), The sr;mll rolls are eliminated during this shift, Use will be
made only of one of the three extrusion machines in the second shift, A tunnel kiln
with the proper capacity and time temperature curve s suggested. The capacity for
these split tiles, which will be one-third the existing capacity of the factory, must be

justified first by a market study, taking into consideration that this is a new product

never used before in Trinidad and Tobago. However, the cheerful colours and durable

f
]

condition, with nearly no maintenance by using them as facing tiles for the walls
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internally and externally, (f the price is competitive, with decorative coatings or

covering materlals, may open a market for them,

88, (v) Drainag) pipes unglazed and glazed for sewer pipes

The same technology of machinery and equipment used for hollow clay

building bricks will be used here, with the exception that a vertical deairing auger

machine is used instead of the horizontal, One extruder for pipes from 4" to 12"

is suggested. The same raw materials used for the hollow bricks will be used for

the manufacture of the pipes. In addition, the up to 10% rejects in the fired bricks

will be crushed in a crusher and used as a grog In che batch composition of the pipes.

Three or more similar down draught kilns as those existing in the factory will be

erocted using salt glazing,

In these kilns also will be fired the special shape needed in connection with

the plpes, ¢.g.,» T&Y connections, bends, gully traps and stoppers In the case of

glazed sewer pipes. For the same diameter these pipes are less in weight than

concrete plpes, and more acld resistant. They are not attacked by the root of the

plants,

-
vt




The possibility of making part of these pipes In clay is to be cons!dered as

long as the manufacturing costs are competitive to those of concrete. A feasibility

study is suggested.

This extension can be taken care of by one of the e Isting clay brick factories,

or (nstalled as s separate Independent unit,

3. _Aluminous fireclay and Alumina Refractorios

0. There {s a transhipment of raw and calcined bauxite In Trinidad, Plastie
fireclays are avallable also in Guyana., For the Induetriali{sation of some of the countries
‘within CARIFTA. refractories are needed for these Industries, particularly, a.g¢., the
metallurgical, cement, petroleum, sugar and ceramic industries, for the lining of kilns
end furnaces. It will also be used for the manufacture of kiln furniture, L,e.» slab
supports lnd saggars, to serve the exlsting and new ceramlo industries, The Installa=

tion of a factory with a proper capacity for the manufacture of bricks, standard and

L
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speclal shapes, with percentage alumina - 62, 63 and 73, is suggested. The semi-dry
process Is to be used, Cheap liquid and gas fuels are available in Trinidad, The stan-
dard methods of manufacture are used In which Guyana bauxite for the refractories
Industries Is exported to several countries all over the world. A feasibility study to
Indicate the size of such a market Is suggested. Use Is made of the refractory clays,
also abundant in Guyana. A slurry of these clays will be mixed with the graded
ocalcinated bauxite to form a semi-dry powder for pressing. Firing temperature for

these refractories will be around 15000C.,

4. Plant for the manufacture of table ware, sanitary ware and
electric Insulator

8. This I8 based on raw materials from Guyana, 1.e., the kaolin, potash feldspar,
quartz sand, Also, the limestone (purer quality) will be Imported from Barbados.
Investigation for the use of the corals of TM as a source of calcium carbonate with
less contamination of iron oxide has to be carried out as regards qualities and economie
quantities. The table ware will be (n hard porcelain and the sanitary ware in vitreous
china. Some low tension Qloctrlc insulators and fittings from porcelain can be made

according to demand,

*~
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The base of the body batch composition will be about 50% kaolin, 25% feldspar
and 28% quartz sand, inthe case of porcelain. Limestone will be added in the glaze
composition, The strength of the green body can be increased if needed hy adding
amounts up to 10% binding clay which is white burning; biscuit firing at 900°C and
glost firing at 1380°C,

The size of the market justifies a small unit semi-automatic in the mass
preparation and shaping of table ware. The firing of the table ware will be in a tunnel
kiln, with a small cross-section and length, The firing of the sanitary ware will be
one firing in a batch kiln, as the size of the market does not justify a continuous kiln.
In case of faienée production, the batch composition will be about 60% kaolin and clays,
with the balance quartz sand and one or more of the following limestone, dolomite,
steatite, feldspar. The firing temperature will be around 1230°C.

A feasibllity study concerning the size of the market is suggested.
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6. Extension of the Glass industry for :

88, () Clear glass contalners

The present daily output of the only existing glass factory in Trinidad and
Tobago is about 60 tons clear glass containers. However, the capacity of the glass
tank can be Increased to double the capacity, (.e., to 120 tons per day. This neceasitates
the addition of another two lines for shaping and annealing, A market assessment has to
be completed to see if extension 18 needed now, also the projection for future demands,

It is suggested that the extension will cover the range of sizes not .lncludod in
the current production and which are imported. A feasibility study will then justify

or not this extension,

8. (b) Coloured glass contalners

There is an old idle glass tank in this glass factory, capacity which possibly

oan be used for the manufacture of coloured glass containers. Survey of the possible

use of any of the accessory machinery and equipment left for working this glass economlically

is suggested; or, according to the study, newer machinery and equipment will be bought.
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The output will be within the needs of the local and CARIFTA markets, as wil be
mentioncd later. However, a feasibility sudy will Indicate whether the running of this

old unit or the installation of a new independent unit is better.

6. Pressed and blown ‘lui table ware (tumbler, cups, saucers, dishes)
and crystal glass,

60. It is possible to nstall a new factory or extend the existing one to make prossed
giass trble ware. The experience the factory has tn manufacturing the glass containers
makes such an extenslion easy. llow?wor. it is tmportant to take into consideration the
following :

1.  The local white sand reserves may not be enough for such an

extension,

3. The contlnuous supply of white sand from Guyana may not be
stopped for any reason.
3, A proper market survey.
A small dally tank for decorative crystal glass is suggested, The batch
composition contalns usually lead oxide, in additlon to some other oxides not usually used

in soda-lime glass. The firing temperature Is usually lower. Such a small manual

unit Is labour consuming In the manufacturing method, e.g. shaping, engraving, grinding
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and poliching. However, the workers have to be well-trained, It is suggested that
this be installed In Tobago being a Tourist island. Such products can find acceptance
to tourists as souvenirs, especially when the prices will be much lower than imported

omnes due to lower wages.

7. Sheet Glass
al. All the shect glass consumed In 'rrlnldsg Is imported. There is no country |
within the CARIFTA reglon producing sheet glass,
In the E,1,U, Industrial Survey 1872, it s indicated that Guyana has been
oonsidering the production of sheet glass., Now as the CARIFTA market is small, the
ecapacity of one small factory for shoet glass can cover the needs of all the twelve
oountries, It is suggested that a study of the possiblility of installing en economic unit
be made based on feasibility study (n Trinidad, in which Trinidad will be supplying the
fuel, Guyana supplying the glass sand and Barbados the limestone. Countries within

the CARIFTA region are allowed as sharebolders of such a factory. The firm supplying

the machinery and know-how allowed for a certain percentage of investment agreed upon,
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8. Glass fibre and glasswool for reinforcement and heat insulation

62. This can be consldered In long term policy after the fulflllment of the glass
extensions mentioned above and In which the raw materlals used will be the cullet from
these factorles and other consumers. These factories are small ones with simple

machinery and equipment, A feasibility study will indicate the size of such a unit,

9. Plaster of Paris

63. The gypsum in St, Joseph Is of an average gobd quality, A small economlc
unit for the manufacture of plaster of paris is suggested. The lump mater ial of gypsum
s crushed, feeded to the kettle and heated to about 170°C for partial dehydration with
continuous stirring where the hemihydrate, i.e., plaster of paris, is formed. The
material is then ground, seived and packed. Two grades are suggested for production,

one plaster as a modelling plaster, the other for moulds., A feasibility study is

suggested,




64. fixtenslon ¢ Lime Marafacture

It [s suggested chat elther o new plant or an extension of the existing one
should be taken iuto conslderation. This Is to cover the suggested new sand-lime
and cellular concrete blo ks manufacture, The physical properties of this limestone,
abundant in Trinidad, permits its use successfully In this industry. It has a high cold
crushing strength, It does not make fines or breakdown in firing, clogging the channels
for combustion zases in ihe shaft kiln and hence a non-homogenous fired product, or loss
of much dust, in the case of rotary ic.lln. It is of acceptable crushing strength in the

firing and cooling zones of the kiln,

6s. Sand-lime bricks, hollow blocks and cellular concrete

It is suggested to start an industry based on sand and lime, Ordinary quartz
sand for buildings and concrete industries, is available in Trinidad. However, the
reserves have to be confirmed. Use is made of the undersize sand not usable by the

concrete factories and causing them storing problems, e.g., the Readymix Concrete .

Factory adjacent to the l1ime factory near Port-of-Spain, has a reject of undersize
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quartz sand amounting to about 100, 000 tons annually. It has the following chemical

analysls :

810, Al 04 Fey0, Ca0 Mgo L.O.1.
97060 1. 90 0.04 0.05 - 0.31
98,44 1.13 0.08 0.0 - 0.41

It 18 suggested that such a factory be adjacent to the Readymlix Concrete Factory and
the Furness Ltd, lime factory., In the manufacturing process for sand-lime bricks
and blocks, the sand after separating the overslze if any ls mixed with about 7% quick
lime, water being added to hydrate' the lime, the mixture Is kept In the reactor to
complete hydration, The molst mix about 6-7% molsture is pressed in to elther solid
or hollow blocks and autoclaved at about 16 atmosphere where a bond between the grains
of sand 18 developed by the formed calclum sllicate which contributes strength to the
bricks and so they are ready for use,

In the manufacture of cellular conorete the lime used must be of a proper
slaking time (about 20 minutes) and slaking temperature (about 70°C). The active

must be not less than 80%. These conditions can be easily attained with the local

manufactured lime, The amount of lime in the batch composition Is about 20%,
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59 of Jortland cement, about 0,04% aluminium powder with some detergent. The

rest is sand. part of which has to be wet, ground to a fine powder. The mixture

with the added water to form a thick slurry Is poured into moulds forining the tops

of rail ears., The cars are then pushed into a dryer where the mass expands due ,

to the lib-ration of hydrogen from the reaction of calclum hydroxide with the aluminium

powder forming a cellular structure. The whole car block is wire cut according to th«

requirsd sizes and put Into autoclaves at about 12 atmosphere to develop the strength

and be cured.  This cellular concrete has the advantage of belng light with a specific

gravity abtout 0.7 ar.d has good insulation propertles,

These blocks are to be used as

partitions ard nen-bearing walls and cellings In buildings.

8. Suggested Production Unlit for Sand-1ime, Hollow Blocks and

Cellular Concrete Blocks

Cellular concrete -

wall blocks - 0.7 8p.Gr.

Raw Materlals
Sand
Burnt lime
Aluminium powder
Make-up water
O1l for mould
Portland cement

Fuel oil
E@rhrit: erovoy
Watsr .

Sand-)ime parforated blocks
Raw Maisrials
Sand
Burnt lime
Make-up water
Electric Energy
Water

A feasibility study is suggested.

4,000 cubic metre/year

Yearly Consumption
1,340 cu.m.
640 tons
.2 "
1, 400 cu.m,
6 tons
160 tons
85 tons
140,000 K. W, h.
4,000 cu.m,
22, 500, 000 blocks/year
Yearly Consumption
50,400 cu. m,
6,300 tons
10, 000 cu.m,
740 tons
800, 000 K.W.,h,
15, 000 cu. m,




Cemented Ashestos Products

e1. Corrugatcd sheets for roofs, plpes for water and pillars production

can be suggested for a study based on the cement industry available and Imported
asbestos. The use of these cemented ashestos products elllmlnates the corrosion
problems met with in the case of iron and steel sheets and plpes used under the
prevalling hum!d weather conditions. A feasibility study is suggested for production
to cover other countries within the CARIFTA market, The required haudling equip=

ment and training for handling such a fraglle material as compared to the metal one s,

must be taken into conslderation,
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VI. THE CERAMIC LABORATORY FOR FUNDAMENTAL RESEARCH,
APPLIED RESEARCH, DEVELOPMENT AND CONTROL

es, The extension of the ceramic industries existing In Trinidad and Tobago and
the Introduction of new industries, justifies the Installation of a cer amic laboratory in
which fundamental, applied and developmant research are carried out. Also it will
carry control teats on request and especially when any disputes arlse between the
consumers and producers. New projects, raw materials, batch composition and new
products will be studied ly this laboratory, This ceramic laboratory with its maln
divisions, tests to be carried out and machinery and equipment needed, are shown in
Appendix No. 3. The University of the West Indlcs is suggested to share CARIR! In
establishing and running some of its divisions. It is suggested that the chemlcal
department of the University of the West Indies do somo of the tests as mentioned
under Chemical Analysis in Appendix No. 3, Also some of the other tests needed,
and for which they have the apparatus, e.g., Differential Thermal analysis. The
physios department of the UWI, which have great interest In Ceramics, can do all

the examination concerning crystal structure, ¢.g§.» X-ray diffraction examtination
powder pattern for the identification of phases. Also, they can measure some of

the iImportant thermal properties as thermal conductivity and speclfic heat.

- .

-~ ~
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Some of the electﬂc‘al properties of ceramics, e.g.,» volume resistivity can also be
done In the physics department. This department according to ite interest can study
tho drylng, firing and melting behaviour of ceramic bodies. The electrical department ‘
at the UWI can measure the other electrical properties as mentioned In Appendix No. 3.

It 18 suggested that the pllot plant will be a part of the general pilot plant of
CARIRI which ts concentrating mainly at the moment on the foodstuff Industries. The
unit operations and unit processes suggested in the pilot plant for the ceramlic industry
are naturally of general use and can 'be used for other industries as well, e.g., the
orushing, grinding, screening, drying, firing, etc. It ls possible to share some of
the machinery @d equipment needed with the Chemical Englnecring Depariment of tl'sai

u.w'l.

¢9. However, It is noticed that the sparc parts for the existing machinery and
eguipment are not enough as well as not complete.  Also preventive maintenance s

not taken care of well, so in the new established laboratory, stress must be put
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on the following : | '

1.  Spare parts needed for, say, three years including all the
wearing parts of the machinery and equipment, especially
the heating elements and refractories of the kilns and *
furnaces.

8. Training courses of local qualified staff and techniclans to
run and maintain these apparatus and equipment.

3. Preventlve maintenance system adhered to, to ensure proper
functioning.

.
&,

- . ————— - - r~ -
!
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L.

v, RECOMMENDATIONS

The market nature, atructure, size and demand projections for
the different ceramic and glass products in Trinidad and Tobago
and the CARIFTA region which CARIRI started to assens, ls
suggested to contlnue untll completion. This fulfillment will be

very helpful n the feasibllity studies of new projects.

Geological actlvities of the Ministry of Petroleum and Mines are

suggested to be extended to cover an evaluation and estimation of

.rnmu of the ceramic and glass ra materials, malnly, clays, white

quarts sand, limestone, dolomite and gypsum, In co-operation with

CARIRI and UWI, Protection from using the promising areas for

quarries as bulldin areas, is necessary.
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Guyana is a nearby country to Trinidad and Tobago and Is one

of the CARIFTA group. In this country there are huge resources

of ceramic and glass raw materials of average good qualities.

These raw materials are the bauxite, the kaolin, the quartz sand

and the feldspar as pegmatite, Studies to fulfil the use of these

capacities economically, in the extension or new ceramic and

glass industries in Trinidad and Tobago, are sugiested.

The extension of the ceramic industries in Trinldad and Tobago

as well as the introduction of new industries, justify the installation
of a ceramic and glass laboratory in which fundamental, applied and
development research, ls carricd out. This laboratory is suggested
to be installed and run jointly by CARIRI and concerned departments

of the UWI. The financial help by the government then is considered

necessary.
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The market conditlon and demand projection within the CARIFTA

reglon of about four million people Is a small one. This I8 why

when considering the new industries, semi-automatic and inter-

1

mlittent, rather than automated and continuovs processes, are

suggested to be chosen,

In the new established Industries stress muat be put on :

(a) Bpare parts needed, say, for three years.

() Tralalg of local graduate staff, techniclans and labours

to supervise, run and maintain these machinery and

equipment,

(6) Preventive maintenance system adhered to, to ensure

proper functioning,

The manufacture of cellular concrete and sand-lime perforated

blocks as a new fleld In bullding construction In Trinidad and

Tobago, s suggested to be studied.
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‘This |s based on the following :
(a) Avallablility of good raw materials and waste materials
needed for manufacture,
(®) Better properties, ¢.g.,» cellular concrete is lighter in
weight and better in heat insulation when used in non=bearing
‘walls aud cellings.
(0) Cheaper in price, e.g.» sand=lime blocks compared with
concrete blocks.
Also there is a developed cement industry in Trinldad; the possibility
of making camented asbestos products may be considered (e.g.» corrugated

sheets for roofs, plpes and pillars),

-
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APPENDIX 1

1, luildin‘ Clay Bricks and Blocks

There are three factories in Trinidad for the production of clay
building bricks and blocks, These factories are:-

1. Alstons Building Enterprises Ltd,, Longdenville Factory
2. Rio Claro drick Factory, South Trinidad
3. Oropouche Brick Factory, South Trinidad

: The production is mainly of hollow blocks for walls and ceilings.
Perforated or solid bricks can be produced on demand, - The main size produced
is 4 x 8 x 12" with an average weight 10%-1bs each, Other sizes are produced
also.

The capacity of the three factories is about 490 tons/day.

The first factory is a renewed one with proper technology having a
cepacity of 380 tons/day, equivalent to about 80,000 hollow blocks 4 x 8 x 12",
The stiff mud process is used for manufacture. It began operation in the
yoar 1934 and was updated with new equipment in 1962, 1966 and again in 1969,

The clay is dug from two pits near the factory, one is a siliceous
clay and the second, is a plastic one. The clays are heterogenous. One
can identify three qualities visually, cne greyish, the second yellowish and
the third reddish. The area of the pit is about three scres, the depth about
25 feet. The overburden soil is about 3 feet. .

The factory has made a boring in the arca up to 50 feet down and still
finds clay. They think that the cley still extends to further depths. The
clay is won by drag excavations and put into dump trucks which transfer it to
a box feeder, from there the material is transferred by a slate conveyor into
two adjacent storage areas, each of a capacity about ten days production,

One storage area is for the siliceous clay end the other for the plastic clay.
Using a proportioning box feeder (60% siliceous cluy and 40% plastic clay)

the material is blended and conveyed to the edge runner mill with a perforated
bottom (wet pan mill), Here water is added end the clay is crushcd, kneaded
and homogenised, having a moisture content of zbout 18%, After that it passes
through a differential smooth roll to crush any remaining big particles,

Three deairing auger machines (extruders) with shaft mixers and wire cutting
machines are used for shaping the products., Two are used for standard

shepes and the third for special shapes,




- 81 -

The standard shapes are set on the tunnel kiln cars manually for
g;edrying and drying using hot air from the cooling end of the tunnel giln,
€ firing is with natural gas. The firing temperature is about 11207C anu
the cycle is about 24 hours,

The special shapes are left to dry for one day outside and then passed
in the old channel dryers without temperature or humidity control, using
waste heat from the down draught kilns, There are seven down draught kilns
(beehive kilns). The firing temperature is about 2050°F. The firing cycle
is about one week with about 60-70 hours heating up and three days coc'ii
down. The factory uses natural gas for firing,

The factory makes control tests for proportioning the two clays in
the bui fecder and aiso makes control tests on moisture content of the batch
and sieve analysis after homogenisation and before extrusion. The fired
articles (60-70% from tunnel kilns and the rest from the down draught kilns)
are sorted for dispatch into first quality, second quality and rejects,

The estimated rejects are 5-8% in drying.  The rejects in firing are about
5% in the tunnel kilns, and 8-10% in the down draught kilns, The selling
price per block ex factory is 20 cents.

' The factory is producing occasionally a very small amount of glazed
tiles and one side glazed bricks which amounts to about 0.5% of the total
production.  There is a laboratory in the factory in which the routine
tests are carried out, -

Samples of the clay from the two pits, the storage area and from the
batch before being extruded, were taken from preliminary tests, also some
blocks of the finished products werc taken for examination.

COMMENTS

The factory, apart from the down draught kilns and its dryers, is a
recent one with proper technology. However, the high percentage of rejects
end second choice products can be mainly attributed to heteroginity of the
clays quarried from the two pits and to the dryring system used.

This clay is generally good for the industry, not being contaminated
with harmful nodules such as, calcarious or siliceous material, and not having
harmful soluble or partially soluble salts, But it is a heterogeneous clay
and this can lead to varying fluctuating behaviour of the batch during drying
and firing, causing part of these rejects. A sump installation with cross
excavation with a capacity of about 30,000 cubic metres in which the material
is fed horizontally in layers in the sump and taken vertically will ensure
better homogeneity than the system used now.
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As to the drying before fceding the tunnel kilns, a humidity drying
system with the hot air fans moving like the system used by the firm Lingl,
ensures better drying conditions and less rejects, Naturally the drying
system used before feeding the down draught kilns is an obsolete one.

Sometimes the fired rejects in such an industry can be crushed,
ground and added to the batch as grog whenever feasible.,  But it seems, .
from the discussion with the Director of the Factory, that in his case it
is not economical to do so.

It seems that the smooth rolls need maintenance for its rollers
surface by use of roller grinding machine. It was ..oticed that somewhat
bigger particles of clay or contamination are passing through the smooth
rolls without crushing.

It is suggested that the factory makes geological surveys in the area
to estimate reserves of the clays, to be used for the existing industry and
its extension, also for introducing new production of already imported
articles, e.g. floor tiles and glazed split tiles,

The second clay brick factory at Rio Claro, South Trinidad, started
operation in the year 1961, according to the information it has been going
down and had acquired a loan from the IDC, No augering or drilling have
been done by the factory in this area for estimating the reserves, but the
Manager believes that the clay extends to about 4,000 ft, deep, according
to information from Texaco.

The quarry (cutting from hill face, which is about 30 ft, high down
to ground level) for the plastic clay is adjacent to the factory. Two
qualities of this plastic clay can be identified, one is yellowish-grey and
the other is blackish. There is no sand in the area, and the factory has
to get it from Longdenville in North Trinidad, The plastic clay and sand
in the proportion 2:1 are mixed in the box feeder and taken by a belt
conveyor to the edge runner mill with perforated bottom, The material is
then transported by a belt conveyor to the smooth rolls and by a belt
conveyor to the deairing auger machine with a wire cutting unit, The
factory produces different shapes and sizes of bricks, The main size is
4" x 8" x 12" hollow bricks, The output is 2,000-2,500 bricks/hour. The
factory, apart from the kilns, is working one shift,

The wire cut bricks are put onto shelves and transferred by the heap
putting down rail truck into the multi-channel dryer. There are ten channel
dryers heated by the combustion gases of an oil burner. The combustion gases
pass through the top of each of the chammel dryers and are distributed bx two
fans inside each channel. The temperature used for drying is about 120°C,
Drying takes two days. The Manager changed the old system of drying in open
sheds because this takes about 14 days., After drying, the bricks are set on
tunnel kiln cars for firing, There is one direct fired tunnel kiln which is
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240 fi. long with a cross section 7 ft. x 8% ft. The firing temperature s
about 950°C.  There are thirty-four cars inside the kiln, each carrying x50
hollow bricks (size 4" x 8" x 12"}, The shifting time interval is 1% hours,
Fuel oil No. 6 is used for firing, The consumption is 250 galloms/day for
firing and 200 galls/day for drying.  The daily production of the above
mentioned bricks, excluding about 10% rejects, is about 8,000 bricks first
choice and 2,000 second choice. The trucks carrying the bricks to market
in the North, loads the sand from Longdenville on their way hack to the
factory. The price per 1,000 bricks (size mentioned above) is TT$170 ex
factory, nearly a quarter of this is added for transport.

Samples of the clay, sand and product were taken for preliminary
testing,

COMMENTS

Inconvenience for bringing one of the raw materials, i.e. sand
representing sbout 1/3 of the total mass from far-away, A privilege for the
plastic clay quarried is the low cost for its excavation, Also, from
preliminary tests done, 1t has low vitrification point, i.e. it can pe fired
at a lower temperature compared with Gumbo clays of Longdenville. It is
suggested to search for siliceous clay or equivalent in the nearby areas,

It was noticed also that body mixture is not properly homogenised, also its
composition and water content is not constant, as can be seen from the colour
of the grecen products. The single or doublc shaft mixer usually used in

this factory before, as part of the deairing auger maihine, has been eliminated.

There is no proper quality control. The inefficient and improper
system of drying can be scen from the high percentage of cracks in the green
product, It is supposed that in running a tunncel kiln efficiently to use
hot air resulting from the cooling of the product in drying in addition to
its use as primary air in the burners. Also it is not a good practice to
use combustion gases for drying the products, The firing in the tunnel kiln
is not homogeneous as can be seen aiso from the colour of the outcoming
products, which have developed more cracks in firing, It seems to me that
cold crushing strength of the bricks are lower than expected. The preventive
maintenance of tunnel kiln cars seems improper, The factory uses the soft
mud process in manufacture, Better results can be obtained by steam heating
the mass in the deairing auger machine before extruding.

The third clay brick factory is at Oropouche, South Trinidad. It is
thirty-six years old, The raw materials, clay and sandy clay, are excavated
from a nearby quarry (pit). The material is heaped in the stockyard in the
proportion of two full truck loads of clay and one full truck load of sand
(siliccous clay). The mixed material is transferred by a belt conveyor to
a double roller crusher (smooth rolls) and then passed through the single
shaft mixer of the deairing auger machine, where 1t is mixed with water.

The extruded hollow column of clay is cut by a wire cutting machine into bricks,




The daily output (one 8-hour shift) is about 3,000 hollow bricks with
& dimension 4" x 8'" x 12", and three holes, Occasionally, the factory
produces solid bricks, dimension 2' x 4" x 6" (4,000 pieces) per day (one
8-hour shift) to be used in the factory for the repair of the kilns.

The bricks are set in open end sheds and left to dry for about a
week. There are three down draught kilns, each of a capacity of 25,000
pieces of the above mentioned hollow bricks, Presently two kilns are used.
The cycle in the kilns is eight days, three days heating up and five davs
cooling down, The factogy uses fucl oil, grade 6, for firing. The firing
temperature is about 2100 F (1150°C).

The selling price of one thousand hollow bricks, with a dimension
4" x 8" x 12, is TT$180, Samples of the clays used and produced were taken
for examination,

COMMENTS

From preliminary investigations it can be seen that the worcability
and green strength of the clay mix are good. The texture and colour of the
bricks after burning are also good. The bricks are sound. However,
investigation for the percentage of rejects and the result of the tests to
be carried out will indicate how far improvements can be achieved under the
existing conditions of the factory.

This old factory lies in the South of Trinidad, having a convenient
position for distiibuting its production in these areas. Estimation of the
reserves of clay and sand (siliceous clay) has to be done, taking into
consideration homogeneity for future extension, A better technology and
new machines are suggested for this factory to obtain higher efficiency and
improved quality which, after testing the clays, may be used for the
manufacture of other products, in addition to hollow bricks,

: There is a fourth small factory called Caribbean Clay Products in
Tere Village in South Trinidad. It started eleven years ago, the production
of hollow clay bricks was in experimental stage using clay from an adjacent
hill.  But it was closed due to the death of the owner. It was bought by
another one who 1s trying now to build a down draught kiln for firing, using
a forced draught. The machinery and equipment seen there are idle, some of
them are in a bad corroded condition. They are - one high forklift truck,
two bucked trucks, one deairing auger machine with shaft mixer and wire
cutting machine. We were informed that the owner is considering buying the
rest of machinery and equipment needed to start running this plant again.




2, Glazed Wall and Floor Ceramic Tiles

There is one factory in Trinidad & Tobago producing glazed wall and
floor tiles. The factory "Ceramics Trinidad" in Diego Martin started its
first stage of production about three yecars ago. In this first stage of
production biscuit floor and wall tiles are glazed only,

The tiles come in two types, floor tiles which are 10 x 10 cm, and
sometimes 10 x 20 cm, thickness about 9 mm, and biscuit wall tiles, 15 x 15 cm,
thickness about 6 mm.  The total daily production is about 350 m~,

Tge biscuit floor tiles are imported from Italy (firing temperature
1080-1100°C), The biscuit wall tiles are imported from Venezuela and Brazil.
The frit and colours for the glaze are imported froir the firm Ferro in Mexico.

The Italian firm, Saumi, holds about eleven percent of the total
shares, and also provides technical advice.

The second stage of production, which is expected to start by the end
of 1973, includes the mass preparation and the local manufacture of the now
imported biscuit products.  The factory has alrcady received a quotation for
the machinery and equipment and technical know<how from the firm Sacmi,

The system to be used, as seen from the flow sheet shown to us by the
Director, is adapted to fit the local clays, using a spray dryer for dewatering.

The factory has contacted CARIRI asking for assistance in the
investigation of local clays and the possibility of using these clays for
the manufacture of wall tiles and floor tiles.

The factory works one shift, the kiln three shifts,

The biscuit wall and floor tiles are glazed by an automatic glazing
machine. Five different coloured glazes are used. The glazed tiles are
put in saggars and set on the slabs of the tunnel kiln. For firing,a pushing
slab muffle tunnel kiln is used. The length of the kiln is about 27 metres,
Internal cross-section of the kiln is 55 e¢m x 60 cm.  The refractory saggars
which are imported, are either two-channel with a capacity of 20 wall tiles
or three-chaniel with a capacity of 39 filoor tiles. Liquid fuel is used for
firing at a temperature of about 980°C with a firing cycle of 14 hours,

The products from the kiln are sorted out and packed in the carton
boxes in which the biscuit tiles are imported, Fifty wall tiles or seventy-
eight floor tiles can be packed in one box.
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The factory sometimes makes decorated glazed wall tiles using the
silk screen method.

The production is sorted into two qualities, first and second choice
and rejects. The total amount of rejects is about 3%, The amount of the
second choice quality varies between 10-15%.

The average selling price for one glazed wall tile is 22 cents, and
for one glazed floor tile 16 cents,

COMMENTS

The factory is a recent one with new machinery and cquipment and
proper technology. There are no problems in production apart from the rare
occurrence of small cracks in the glaze of wall tiles, which can be related
to the fluctuations of the properties of the imported biscuit wall tiles,

The machinery and equipment to be contracted for with the Italian firm, Sacmi,

for the second stage of production, are intended for use with imported raw

materials, However, in my opinion, these machinery and equipment can also

be used with local raw materials. A contract between the company and CARIRI ,‘
have been accomplished to carry out a feasibility study bascd on the use of |
local clays for the manufacture ot biscuit wall and floor tiles with a

capacity 180,000 m“/year final product. The preliminary study as attached

Annex No. 2 shows that it 1s feasible to produce these tiles with the local

raw materials based on the expected market defined by the company. The

preliminary tests of the clays of Wallerfield and Longdenville* show that

these clays aic suitable for the manufacture of wall and floor tiles,  The

first one giving a buff coloured body and the second reddish brown body.

In case of floor tiles, the addition of potasg feldspar vp to 20% is

considered at a firing temperature about 1150°C, 1In the case of wall tiles

addition of quartz sand and limestone, dolomite or steatite 1s considered at

the same firing temperature.  However, the final composition and firing

temperature which is related also with the cycle of firing are left to the

firm which will be delivering the machinery and cquipment for this plant,

* The Mayo marl clays in middle Trinidad containing about 10% Calcium
Carbonate can be also used successfully for the manufacturec of wall
tiles.




3, Cottage Potrery and Ceramic Art-Ware

The cottage pottery is concentrated in two parts in Trinidad, in the
north in Chaguanas and in the south near Rio Claro. It is a primitive one,
the production is mainly pots for plants, saucers, dias (used by Indians in '
Holy occasions), vases and lamp shades, ‘There are four workshops in the
South and nine in the North, all belonging to one east Indian family which
started work in Trinidad in the year 1884, These workshops are usually in
open yards under their houses, The clays used in these workshops are
obtained from neurby pits.  The consumption of each workshop is about
7.5 tons/month, In some of these workshops the water needed for manufacture
has to be transported from a nearby river or from the nearest pipe line.

The clays which they arv using whether from the Rio Claro in the
South or from Carisen Field in the North are plastic ones, with high shrinkage
and fire to a reddish brown colour, Sand is added to adjust this high
shrinkage. They get their sand from Longdenville area '"Ravine Sable',

The method of manufactuie is as follows:

The clay is soaked with water in a basin capacity about half a cubic
metre ftor about four days, It is then taken and spread on the ground with
the addition of rhe requisite amount of sand according to their practice (no
measurement) the clay 1s kneaded manually using their feet and left overnight
covered with wuter soaked cloth, Next day it 1s shaped by throwing on a
potters wheel operated manually, The cutput of the manual potter wheel
depending on the sizes of the pots produccd is about 60-70 pieces in 6 hours.
More pieces are produced in case of other smaller items. The articles are
put on wooden shelves and left to dry in the open air under a shed for about
three days to be leather hard for retouching, Sometimes they reduce this
time by putting the articles directly in the sun, After retouching, the
articles are left for about four days for drying. The articles when dry
are set in a sort of updraught kiln. It is a round shaft built of bricks
about one metre high and two metres internal diameter with perforated bottom
underneath which is the fire place. After setting the articles in the shaft,
the top part is plastered by clay, leaving holes for the combustion gases to
escape. The kiln is fired with wood, the time of firing about 12 hours.

The temperature of firing is above red heat and it is not measured, Afterx
cooling, the articles are inspected and taken for sale.  The percentage
rejects (i.e, broken articles) they say, is about 5%,  The partially cracked
articles are sold at a lower price.

The average number of potters whecls in each of these workshops is
about threc. The number of kilns vary from one to two, Some of these
workshops change the manual working of their potters wheel by using electric
motors, also instead of using wood for firing the kiln, they use liquid fuel
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flowing by gravity from an upper barrel to a simple form of a burner. Steam
from a sort of steam raising kettle is used for the atomisation of fuel.

The ceramic art.ware in Trinidad § Tobago is done mainly as a hobby
by about a dozen artisans. These artisans have small electric chamber kilns
in their homes, where they practice this art by creating the shapes of clay
and firing them with and without glaze, Some of them have studios in which
they exhibit and sell their articles, the others give it directly to the
wholesaler or retailer shops.

COMMENT S

I think in future, part of this cottage pottery and ceramic arteware
production can be done in a proper way in one of the extension industries
suggested later. The people already working in this field can, if they
like, be attached as full-time or part-time employees in these factories.

BT
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1, Glass Containers (bottles)

There is one factory in Trinidad, CARIB Giassworks limited, Eastern
Main Road, for the production of clear glass containers (bottles) for beer,
alcoholic and soft drinks.,  The capacity of the plant 1s wbhout 120 tons
glass/day. The new factory started production in April 1972, The older
factory started production in 1950, with small melting tanks, capacity 5 and
10 tons/ day. In 1960, a unit melter was introduced, capacity 30 tons/day,
which 1s still existing and not in use, The actual production of the plant
which is 60 tons glass/day for botties, is covering .ae local needs. The
designed capacity takes into consideration a consumption growth in the local
masket of about 30%, and some export to the nearby islands and Guyana

The factory uses from 60«70 tons of glass sand/day The S$10, in this
sand is > 99% and the acceptable limit of the Fe, U, is 0,04% maxinmum,” The
particle siie used is from 0U.1-0.6 mmn and there is a vejection of about 12%,
mainly fine sand, which they <annot use and which is therefore causing storage

problens. Apart from the survey done by Sutron on the Melajo deposit of gluss
sand, there is not proper survey done to estimate and secure the reserves
needed by the glass factory. The factory mancgement indic.ted that there is

a 1eserve of quartz sand 1n the quarrying area now used tor dgbout 2% ycurs,
There is another area to the east of the above mentioned arca which also
contains glass sand,  The quarried sand is washed, screencd and dried in a
unit installed ubout sixX months ago at Matura, bcfure transporting it to the
factory.

The limestone, amounting to about 15% of the batch composition, is
imported from Barbados. The soda ash (dense), amounting to about 20% of
the batch, 1s imported from the U.S. Alumina, which is added to the batch
composition in small amounts is imported from Jamaica, same as with calcium
sulphate (gypsum) which 1s imported from England. Naturally the chemical
additives, e.g. Selenfum, Cobalt Oxide and Arsenic Oxide are also imported.

The raw materials, mainly, silica sand, limestone and soda ash are
put into four silos, two for the sand, one for limestone and the fourth for
soda ash; underneath the silos there is a semi-automatic s.ale to weigh the
different materials of the batch, which are transferred by gravity and taken
by a skip elevator to a rotary mixer. The cullet is crushed by a jaw crusher
and taken by bucket elevator to the cullet silo. From there the crushed
cullet is added in the required proportion (about 15 to 40%) to the pre-mixed
batch, The final mix is taken by a belt conveyor to the batch bin, feeding
the furnace, The glass tank recuperation furnace is of a capacity of about
80 tons/day, and can be increased to 120 tops/day by slight adjustmert, The
tempgrature inside the melter is about 1420 C near the feeding end and about
1550°C in the other end (fining end).
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The working tank temperature is 1260°C, with 1150°C at the gob feeder.
There are eight buiners on each side of the furnace, fired with natural gas
srriving to the fagtory by a pipe line from Texaco. The consumption of the
ges is about 650 m"/h,

There is automatic control of temperature. There are two automatic
shaping machines, i.e, two lines of production for two different types of
bottles at the same time, The moulds used for press and blow shaping are
imported, but CARIB anticipates thut some time in the future they will have
to be made locally. One line produces 72,000 bottles per 24 hours. The
other, 57,600 bottles per 24 hours. The average weight of each of the
bottles is 1 1b (65 gms up to 650 gms bottles can be produced). The hot,
shaped glass bottles from each shaping machine are taken to two annealing
furnaces, fired with natural gas, at a temperature of about SSOOC, and with
a firing period varying from 12! hours. The machinery and equipment are
of West German manufacture, apart from the shaping machines which are
manufactured in England, The annealed bottles are inspected and packed in
carton boxes, each containing 24 bottles. The percentage of rejects is
about 20%.

: ere is a decoration kiln fired with natural gas at a temperature of
about 600 C. There are three semi-automatic silk screen machines for
applying over-glaze colours to the bottles. One machine is uscd for single
colour, the other two for applying two colours at the same time, The amount
of rejects in this type of decoration process is about 5%,

There is a small laboratory for the quality control of production in
which the following tests are carried out:

1. Disc cutting machine for making sections of
the bottles to measure:

(a) Regularity of the thickness of the glass
(b) Density of the glass

2. Thermal shock resistance.

3, Water pressure test.

4, Strain test,

The selling price for finished glass products is about TT$20 per 144

one pound bottles (for example)., The investment is about $4,000,000 including
the sand treatment plant.
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COMMENTS

-

L

The fine glass sand (less than 0.1 mm size) representing 12% of the
quarry production, is creating problems for disposal. It can be
used successfully in the manufacture of cellular concrete and as
additive in the ceramic industiry batch composition.

Taking into consideration that in nearby countries, e.g. Guyana,
there ure considerable amounts of silica glass sand, a feasibility
study is suggested for use of this sand in the future extension of
the glass factory in clear glass products.

Local limestone, espec.ally soft ones, after investigation can be
used 1n this industcy Also quartz sand with higher iron content
can be used. The colouration produced by 1ron in glass for making
bottles used for soft drinks and beer has no harm or significance
on the quality of the product and, as a matter of fact, a lot of
producers all over the world use coloured glass bottles for these
drinks. I think it will be easy also for the consumers here to
get accustomed to these coloured glass bottles.

There is a possibility of making new products in the factory:

(a)  Glass table-ware, semi-automatically by pressing and
manually by blowing. The latter is a desirable labour
intensive industry, This also is the case with the
art of glass engraving, grinding and polishing.

(b)  Sheet glass for building construction. All the sheet
glass in this country is imported. A feasibility study
will indicate the possibility of manufacturing it locally.

(c) Pin and Cap disc insulators in toughened glass for 12Kv,
The Trinidad § Tobago Electricity Commission's consumption
for the last two years, is about 10,000 pieces.

(d) Glass wool and glass fibre, A feasibility study will
indicate the priorities and capacities,

It was noticed that recording instruments on the control board for
the glass tank furnace are not working. Shortage of small items
in such a recent plant, which are needed for the proper function of
these instruments, can make explanation of anomalies which may
occur in production difficult,

Study of the possibility for using economically the unit melter
capacity 30 tons/day for the manufacture of coloured glass
containers 1s suggested,




5, LIME

The lime factory "Furness Limestone Products Ltd,', in Port of Spain,
is the only factory in Trinidad § Tobago manufacturing lime,

It started the production of lime by burning limestone using wood
for firing in 1892, In 1936 the factory was bought by Furness Limestone !
Products Ltd., which installed two-shaft kilns, American design, for the
burning of limestone.

The capacity of each kiln is 10 tons/24 hours. Discharge is every

4 hours. The firing .emperature is about 1000°C. Bunker heavy oil grade
No. 6 is used for firing, steam being used for atomisation of the fuel in the
burners. There arc four burners on each kiln, The consumption of 'iquid

fuel is about 50 gallons/ton of Calcium Oxide,

The hard limestone from the nearby areas Laventille (five qualities
can be detccted) is brought by trucks to the ramp near the top of the kilns,
where it is stored and broken by sledgehammer into sizes from 4 in., tu 9 in,,
approximately, From there the material is taken by hand tilting rail car
to feed the shaft kilns. One shaft kiln was working at the time of the visit,
the other was under repair. Half of the production is soldu as quicklime in ;
steel drums, The other half is hydrated, mainly in a hydrator. The bulk !
of the quickliinc is used in the sugar factories for the purification and
clarification of sugar; some is also used for water treatment. The slaked
lime (300 mesh) is packed in 3-ply paper bags, 56 1bs cach, for local use and
5-ply paper bags for export. About 10-15% of the total slaked lime produced
is for export to the nearby islands,

The Manager informed us that the quality of the lime produced,
according to the analysis, is about 94% Calcium Oxide.

The factory is also crushing and grinding limestones for agricultural
purposes. A jaw crusher and two ball mills are used for this purpose, The
material is ground so that about 85% passes the 100 m~sh sieve,

The ground material is taken by a bucket elevator to the storage bin,
From the bin, the material is packed for shipment in multi-ply paper bags,
capacity 112 1lbs ecach, There is a third small ball mill used for grinding
quicklime according to demand. The factory has also a separate unit for
drying and screening quartz sand, mainly, in five grades, for the use of the
petroleum industry (in the secondary recovery of oil from oil wells) and for
sand blasting.

The naturally washed (by the river at Matura) sea sand is brought to
the factory, fed to a rotary dryer by means of a bucket elevator, and the
dried sand is separated by a 3-deck vibrating screen into different grain sizes,
Each size is packed in multi.ply bags with a capacity of 93 1bs, The capacity
of the plant is about 17 tons/day,




The prices of the products ex factory are as follows:

;ig;uof quicklime slaked lime pulverised quart:
¢ J l limestone sand
bulk pulverised by hand by hydrator
Price
$ 1T 90 110 80 110 25 60

The analysis of the lime produced is as follows:

bi(’)2 13\120.s FeZO3 Ca0 MgO L.O0.1,

}.87 G.29 0.39 v4,2 0.07 1.89

COMMENTS

The factory has no quality control on the production, and has no
Juboratory.  Occasionally the chemical analysis of the limestone and produced
lime is done outside, at the Government Chemistry Deparument or at the
laboratory of Trinidad Cement Limived Company . It seers that the factory is
satisfying the customers' nceds regarding quaatity or quality of product,
However, if the manufacture of line is 1o be extended to cover the needs for
the manufucture of cellular concrete and sand-iime blocks, which is
recommended as a new field in building construction in Trinidad § Tobaygo,
especially when there is waste sand available from nearby other industries
(e.g. 100,000 tons/ycar fine quartz sand waste in adjacent Keadymix Concrete
Plant), it is recommended that the factory has a proper quality control on
raw material, manufacturing, and routine testing for active lime, time and
temperature of slaking,

Samples of the limestone and quicklime were taken for preliminary
testing, The active lime was about 87%. The time of slaking about lo mins.
However, the temperature of slaking was somewhat low, not reaching the specified
temperature of 70°C,
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APPENDIX 1I

"ERAMICS 1TRINIDAD LIMUIED

JROPOSED PLANT EXFANGTON FOR

AL ANOFAC TURE OF BIS(CUTT WALL
AND FLOOR TITES FROM TRINIDAD CLAYS

CAPACITY: 190,000 m’/year
i.e. 2,300 tons/year

PRODUCTION ASSORTMENT AND CAPACITY ’

Glazed Wall Tiles: dim, 150 x 150 x 6 mm 2

80% of the total production, i.e., 144,000 m,/year
White glazed wall tiles 80%, i,e,, 115,200 m 2
Coloured glazed wall tiles 20%, i.e,, 28,800 m“,
4 colours are considered,

Clazed Floor Tiles: dim, 100 x 100 x 9 mm
20% of the total production, i.e,, 36,600 m /year,
white and colourcd according to demand.

SUGGESTED TECHNOLOGICAL PROCESS

The main raw material, i.e. local clay, is brought to the factory

by means of tipping trucks. Use is made of a sump installation
with cross exacavarion where the material is discharged and spread
horizontally in layers, For manufacturing purposes the clay is

cut vertically. The capacity of the sump is sufficicnt for at

least three months production, This system is needed to homogenise
and improve the plasticity of the heterogenous ciays of Trin.dad,
and will have a great effect on the quality of the finished products.

Other raw materials which may be used in smaller amounts, e.g.
feldspar, quartz sand, limestone, dolomite and steatite are brought
by trucks to the factory and stored in the respective storing boxes,

The raw materials are brought by a high 1ift truck fitted with a
hydraulic shovel into the box feeder of the shredding machine,

The correct raw material dosage is obtained by means of a tiltiug
weighbridge equipped with scale and taring equipment. Smaller

raw material additions are weighed on a decimal balance., Owiug
to the high moisture content of the local clays (reaching abourt

18% in the wet season) they are brought directly from the shredding
machine to the high velocity blungers. With the addition of the
requisite amount of water and deflocculants, the clay disintegrates
into a siurry,

The harder materials,* e.g. dolomite, limestone, feldspar, quart:
sand etc., are conveyed to the ball mills for wet grinding. Wate . .
is added from dosing tanks,

*A jaw crusher may be added here to crush the hard materials if they
are brought in lumps, before entering the ball mill. .
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The exact water dosc is obtainel by the use of a flow indicator.
The slurries from the blunger and the ball will are discharged
through vibrating screens and clectromagnets 1nto the storage
tanks, equipped with rake mixers to prevent sedimentation.

To obtain efficient sludge mixing, two tants are sugpested.
From these stordge tanks the slurry is pumped through the
vibrating screen and electromagnet into the serving tank (with
a propeller mixer) for the spray deyer.  From this the slurry
is pumped by a high pressure pump 1nto the sp av diver, in
which it is dried into grains of about 6-79% moisture, suitable
for pressing. The driced mass is brought by u couveyor into a
bucket elevator and by a reverse helt to reservoirs.  Three
dust reservoirs are suggested: one being filled, the second
left to homogenise the moisture content, and the third for
supplying the presses. This procedure is repeated periodically
in a continuous cycle. The press rescrvoirs are filled with the
mass through rotary vane fecders, reversing belt and wipers.
"In the system suggested by SACHI a bLig dust reservoir is used
from which the material is raised by a hucket elevator to
rotary screens''. This latter feeds the two presses, using a
belt conveyor and hoppers.

The tiles arc pressed in two semi-automacic presses counplete
with dedusting system, fettling and stacking machine. The
automatically stacked tiles are loaded on the tunmel kiln trucks
(a two-channel tunncl muffled kiln with sliding plates is
suggested in the Sacmi offer, where the tiles are dried on

metal wagons.) After drying they are loaded on sliding plates
and pushed into the kiln}. The loaded tunnel Kiln trucks are
pushed into the tunnel dryer at the same rate as into the kilm.
The kiln is muffle type, fired with fuel oil. The max imum
firing temperature is llSOOC, for bisquit firing of wall and
floor tiles. After firing, the bisquit tiles are transported

to the glazing section where they are deposited on tables. The
good tiles are put on the feeding band of the glazing machine.
The tiles pass through the glazing machine where they are coated
with the appropriate glaze. The glazed wall tiles are inserted
into saggars and loaded onto the sliding slabs or plates 8f the
glazing tunnel kiln, with maximum firing tenperature 1050 C.

The glazed tiles are sorted into first choice, second choice

and rejccts, The first and second quality tiles are packed in
cartons and transported to the finished products store.

TESTING LABORATORY AND MAINTENANGCE WORKSHOP

A laboratory for routine tests and control of raw materials,
semi-finished and finished products is suggested.  The
maintenance workshop is for preventitive maintenance and small



4.0

4.

1

repairs. However, it is suggested that it also includes a

section for making moulds, as these represent the major

wearing item in presses, and need regular replacement.
NOTE

It is assumed that at this stage of production the glaze will
be imported in & semi-finished condition, so that it is only
necessary to grind the frit with the respective colours, and
suspending and adhesive agent, e.g. China clay. This is .
usually done in a ball mill with a suitable vibrating screen

and electromagnet. In futurc a small fritting unit can be
contemplated, for making the glaze locally. A small unit for
making the refractories needed in production, i.e. saggars and
slabs may also be included in future plans. This would be based on
the transshipment of Guyana bauxite and refractory clays.

MAIN TLCIHNICAL DATA

RAW MATLRIAL REQUIREMENTS

GLAZED WALL TILES . |

Mass of one m> fired glazed tiles 11kg
Total weight of salable glazed wall tiles/year =
11 x 144,000 = 1584 tons

Weight of raw materials required to produce 1 m2of finished
product plus 25% losses = 14.7 kg

With the following losses:

*loss Jdue to water of constitution etc. 13%
Loss due to firing and glazing 9%
Loss of raw materials and mass in preparation
shaping and handling %
Loss of mass duc to atomisation 1%
.'. Raw material consumption per year for
wall tiles = 14.7 x 144,000

= 2116.8 tons
dry material.

In the wet season moisture content in clay
can be up to about 18% .

. Wet rav material consumption per year = 2581 tons
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GLAZED FLOOR TILES

Mass of one m2 fired glazed floor tile = 20 Kg

i

36,000 x 20
720 tons

Total weight of salahle tiles/year

[H

Cons idering that all the mass is nearly clay.

Yeight of raw materials required to
produce 1 m< finished product and 25%

losses = 26.7 Kg
Raw materials consumption per year
for floor tiles = 26.7 x 56,000
= 961.2 tons

In the wet season moisture content can be
up to about 18%.

» . Wet raw material consumption per year= 1172 tons

. . Total salable products of wall and
floor tiles per year in tons = 1584 .« 720

x 2304 tons

. . Total consumption of raw materials
for wall and floor tiles = 2581 + 1172

= 3753 tons/year

Based on 300 working days/year

« +« The needed amount of raw materials daily = 12.5 tons

MANPOWER REQUIREMENTS

NUMBER OF SHIFTS IN THE INDIVIDUAL PRODUCTION
CENTRT:S AND LABOUR NEEDED.

No. of Shifts Workers
Raw material stores 1 2
Mass preparation 3 S
Tile pressing 1 6
Firing in kiln and dryers 3 6
1 4

Sorting of biscuit ware



Biscuit store 1 1
Laboratory 1 2
Maintenance 3 4

Total, 350

SUPERVISORY STAFF:

Two graduates:

One Mechanical Engineer for maintenance and the proper
functioning of the machinery and equipment,

One Chemist for quality control. The two have to be trained
in Ceramics. Either one of them according to back experience
and abilities can act as a production manager,

4.3 WATER REQUIREMENTS

Deflocculants e.g water glass and soda ash in small amounts
have to be added to the clay slurry to decrease the water
roquirenent.

If we consider a mass compesition of clay only, the amount of
water needed will be about 40%
i.e. (2116.8 +6961.2) x 40 = 2052 * [y

6
The amount of cooling water for some of the machinery and
equipment 100 tons/year

.'. Daily amount of industrial water required

2152 = 7 tons
300

The water for personal use considering 100L/person/d
is 32 x 100 = 3,2t

For washing down and miscellaneous use in the factory 1.8t /d

«+ Total amount of water required daily 12 tons

4.4 ELECTRIC POWER CONSUMPTION

4.5

Three phase, 230/400 volts, 60 cycles/sec.
Total installed electric power for motors and illumination 150 KW,
The power factor in the factory is more than 90%.

FUEL CONSUMPTION

Puel oil will be used for firing in the tunnel kilns, and for the



4.6

11

111

- 90 -

evaporation of water in the spray dryer, where the water
content of the clay will be reduced from 40% to 6-7%.

Fuel consumption for spray dryer/year
Fuel consumption for tunnel kiln/year
Total fuel consumption/year

BULLDING AREAS AND HETGHTS

200 tons
400 tons

600 tons

Height m Area n

- Raw material stores (shed)
- Mass preparation

- Shaping, firing, sorting, packing
and finished products stores

FIXED CAPYTAL COSTS

Item
Land

Buildings including water, electrical
connection, drainage

Machinery and Equipment*
Know how § Engineering
Freight and Insurance
Frection, start up § training
Furniture

Diverse expenditure

Total

WORKING CAPITAL

1. Stocks e.g spare parts, raw materials

suxiliary materials
2. Liquid money (cash)

Total Capital I « II =
« Based on SACMI offer

4

n
3

400

2000

Cost § TT

-Annual lease

200000
550000
$2000
80000
300000
16000

10000
108P00

40000
32000
80000



3.
4.

5.
6.
7.
8.

9,
10.

OPERATING EXPFNSES

Production of 190000 m 2(.!
Biscuit Wall § Floor Tiles

Shedule of yearly manufacturing costs.

Item Cost § TT
Raw materials i 42500
Auxiliary materials e.g silex, deflocculents,
refractory slabs and supports 25000
Fuel oil 600t x 55 TT$ 33000
Electric energy 600000 x 0.015 TT$ 9000
+ Standingcharge 150 x 12 x 7.15 12870
Water 3600 m> x 0.133 TT§ 480
Wages and salaries + 20% benefit 90000
Repairs and spare parts 42500
Depreciation costs
Machinery § equipment 10% 55000
Buildings 4% 8000
Land, annual lease 2680
Purniture 25% 4000
Interest | 64260
Diverse expenditure 29000
Total 409210

1.

2,

SRn——

Manufacturing costs/mzbiscuit tiles
409210 = 2.15 §$ TT
1950000

REMARKS

It is considered that about 80% of the batch composition is
clay, which will be excavated by the company itself from
licenced arcas in Longdenville,Wallerfield or Valencia.

The cost of the excavation of one ton clay is considered
13 TT plus 6 § TT for transport to the factory. The
average price per ton of the rest raw materials is
considered 40 § TT,

Masintenance of machinery and equipment is 2% of the totsl
value. Msintenance of buildings is 2% of the total value



Spare parts 5% of the total value,
The interest is 8% for 70% of the Capital.

TOTAL WORTH OF PRODUCTION (Total sales price of biscuit
fired wall and fioor tiles)

The price per square metre of either biscuit floor or
wall tiles delivered inside the factory is 4,4 § TT,

+ « Tot1l sales price

190,000 x 4.4 - TT$836,000
Operating expensces “ 409,210
Yearly income TT$426,790

TOTAL CAPITAL = 1,080,000 = 2.5

Yeariy 1ncome 326,790

i.e. return of Capital after 2.5 years

NOTICE

The values given are approximate and considered only as a

guide.  Exact figures cannot be given at this stage where
some data are missing.
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APPENDTIX 11l

THE CERAMIC LABORATORY PFOR FUNDAMENTAL RESEARCH,
APPLIED RESEARCH, DEVELOFMENT AND CONTROL

A « GENERAL

Chemical Analysis Apparatus and equipment for:

1, Classical silicate analysis

2. Microchemical analysis

3. Colorimetric analysis

4, Spectrophotometric analysis (emission and nbserption spectra) also

atomic spectrometer
S, Electrolytic analysis with the polarograph
6. Chromatography

Rgtional Analysis

Physical Tests Apparatus and equipment for:

1, Moisture content*

2. Specific gravity

3. Grain size determination (sieving, elutriation, sedimentation,
gravitational and centrifugal)

4, Relative specific surface

5. pH value
6. Viscosity

7. Plasticity

8. Castability

9. Differential thermal analysis
10, Differential thermo-gravimetric analysis

11, Cation-exchange capacity (electrodialysis, replacement leaching)
12, Drying behaviour

13, Firing behaviour

14, Melting behaviour

18, Hardness Mohs' scale
16, Hydraulic tests
17, Moisture movement

18, Calorific value and sulphur content (for liquid and gas fuels)

Other tests as under B.

* It is understood that latest speedy accurate testers are considered in
addition to the classical ones, This applies also to the other tests,
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B « FIRED CERAMIC BUDIES

APPARATUS AND EQUIPMENT FOR INVESTICATING AND
MEASURING THE FOLLOWING:

Mineralogical Investigation
1, Microscope (transmitted light and reflected light)

¢ 2. Polarising microscope

3. Thermal microscope

4. Electron microscope

5. X-Ray diffraction powder app. using mainly the Debye-Scherrer
technique with ordinary temperature and high temperature X-Ray camera.

Colour

- Size

Ultrasonic and X-Ray examination for internal faults
Density (apparecnt and true specific gravity), bulk density
Prrosity (apparent and true)

Moisture expansion

Permeability

’

Mechanical Properties
(a) Strength
1, Compressive (crushing strength)
2, Tensile strength
3. Transverse strength (bending strength or modulus of rupture)
4. Impact strength

(b) Abrasion Resistance
(c) Elasticity

- Thermal Propertiecs
eversibie thermal expansion
Thermal conductivity
« Specific heat
Permanent linear change on reheating
Refractoriness
Refracioriness under load
« Thermal shock resistance

N NN W N N

- Chemical Properties
+ Soluble salts
2. Efflorescence
3. Hydration resistance
4, Acid resistance
$. Resistance to slag attack
6. Resistance to Carbon Monoxide sttack

. ctrical Properties
s « Flush over voitage dry and wet
2, Dielectric strength
3, Dielectric constant
4. Volume Resistivity
. $. Power and loss factor

. 2.
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C - PILOT PLANT®

Will include the machinery and equipment for unit operations and unit
processes needed in the ceramic semi-industrial scale investigation, It wil)
include also the necessary equipment for sampling,

Equipment for sampling

1. Diamond impregnated disc cutting machine
2, Core drilling machine

3. Grinding machine (horizontal)

4. Rotary mixer

Crushing

1. Jaw crusher
2. Cone crusher
3, Double roller crusher

Grindinl

1. Disc grinding machine
2. Edge runner mill (dry)
3. PMine smooth rolls

4, Ball mill

Water disinte‘ration or diszcrsio»

1, Plunger

- S84ze Gudim

1, Multi-deck vibrating screens
2. Velox screens
3.  Rotary classifier

Mixing

1, Irish Mixer
2.  Edge runner mill (wet)
3. Propeller Mixer

Mnic separation

1, Electro-magnet
2. Permanent magnet
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3. Thickener

2. Filrer press

3.  Vvacuum drum filter

4, Heated drun

S. Spray dryer

Shaping

3, Hydraulic press and moulds

2. Deairing auger machine with wire cutting unit,
double shaft mixer, steam heating devices, mouthpleces

3. Turning table

4, Storape tanks with propeller mixers

S, Plaster of Paris moulds

6, Electric or pneunmatic hammer

Drying

1. Electric chamber dryer with control of temperature,

humidity and velocity of air.

Furnaces and Kilns

1. Electric tilting pot furnace and refractory crucibles up to 1200°C,

2. Electric chamber kiln with automatic control of temperature 1200%C.

3. Champer kiln semi-muffle gas or oil fired to a temperature of
1600°C, with automatic control equipment and gas analyser.

4, Dismountable in sections slab tunnel kiln with the purpose of
changing the length of the preheating, firing and cooling :ones,
consequenily time temperature curve, giring with gas or liquid
fuel, Firing temperature up to 1600 C (about 10 metres length)
with automatic control equipment,

Soiler
Steam boiler small capacity pressure up to 16 atmosphere

Autoclave

Capacity 2 cubic metres

Alr compressor

Spraying booths and spraying guns

Automatic weighing machine up to 500 kg.




Material Hnndling eguiggent. e. 5

1, Feeders

2. Belt conveyor
3. Bucket elevator
4, Battery truck

In long term future plans where the need for raw msterials of constant
composition economically justifies the installation of ore dressing

centre, the machinery and equipment for the following operations would
be needed:

1. Specific gravity separation
2. Heavy media separation

3. Proth flotation

4, Electro-magnetic separation
S, Electro-static separation
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