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2/ Considering the size of the Jamaican building materials

A

narket the amount of red mud that can be utilized seems to
be ultimately limited to some half a million tons a year,
although additional products could be indentified by
further work., Size of new processing capacities will be
initially limited by the investment capital available,

As energy typically accounts for 20 to 35 p.c. of total
production cost of individual types of ceramics products,
the economic feasibility of a ceramics project will be
larsely influenced by the cholce and price or fuel,.

Fed mud huilding blocks and bricks can be produced using
either local fuels or imported coal and tne cost of suca
production will allow the initial capital outlay to bring
reasonable returns provided that fuel is tought at world
market prices and plant is established under the Industrial
incentives Act,

Semi-industrial scale production test proved the possibility
to produce excellent quality glazed floor and wall covering
tiles from camaican red mud and mineral acdditives, It is
proposed tnat a tile plant te wuilt to initially procuce

two to three million sqft/year glazed wall tiles, slazed floor
tiles, roofing tiles and similar products, This venture would
require avout US # 2.3 mn and Jp 3 mn in financing, With
little competiticn from others in the region Jamaica is in

an excellent position to become the major tile supplier to

the Caribbean Countries and to the Southern and Zastern U,S3.
and Canada, Provided energy is available to the plant operator
at world market prices, cost of the red mud based product
produced in csamaica can be sufficiently low to permit flexible
marketing strategies to te used in exports,
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¢/ It is recommerded that the Government of camaica encourage
a red mud based ceramics indusiry to be established in
Jamaica,

As there is neither a large scale tile nor brick production
in Jamaica, it would seem reasonable to evaluate any such
future project fcr its contribution to red mud utilisation,
anrd use results in a decision about subsidies, etc,
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Chanter Two

froject Dackground and History

2.1 rroject background
L% (=]

The method to produce aluminium by electrolysis was inveunted
oy tne rrench Héroult and the American ilall in 1836, Thne
tecnnolozy oi alwina production was patented ©ny the Austrian
Laver in 18392,

Cver tre past 100 years the production 2nd industrial use of
aluninium have risen from an annual cuantity of a few nundrad
tons to 15 million tons on a ~lohai scale, ‘o produce unit
guantity of aluminium recuires twice that anount of alumina,
ine tayer rrocess yvields 1,2-1,4 tons of red mud per alumina
tons, i.e., 1ot less than 4C aillion tons oI red mud is
produced in the alumina tactories of tne world every sincle
year,

Wnile production fisure

~
=

s ran low, the disposal of red mud in
mud vonds was no great difficulity, opecialists were confident

that by the time red mud Aisposal was to becozne a readache for
l' then feasible methods to ake the best use of red mud would

have been found,

Initial efforts to put red mud to industrial use 1lay in the
direction of smelting, as was indicated oy its high ferro-
oxicde content, which may run up to 4C-60 p.c.

offorts at smelting resulted in various patented processes
tut no industrially and economically feasi®ble niethod has veen
found to date, iepeated economic anralyses have proved thav
the pre-=produce of iron ore substitute is none=competitive
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not sc much vecause of its specific technological paramsters
as tre aish capital investment involved,

Up to cuite recent times all efforts to find uses for red
mud in large quantities have failed, and so this by-product
keeps on accuwnulating year after year,

As is well known to specialists, the bayer process, although

the most successful method of alumina production known to

us, has certain disadvantages, Furthermore its drawbaclt stems
from one of its fundamental technological pihasas wnab originally
out it at an advantage over all other efforts in this direction.
otably, trat cround bauxite is transformed at 100-28¢ C°, at
6-30 kp/cm® with the addition of concentrated caustic soda

into water-solubie sodium aluminate and insoluble 3i, rfe, Ti,
ete, compounds, The insoluble solid parts of btauxite processed
with ec2ugtic soia are removed by filterins from tre sodiun
aluminate solution, and this removed material is in fact what

we call red mud, If the solid resicue did not contain free
caustic soda of an asrressive character as well as about 10U p.c.
sodium oxide enuivalent to bound sodium compound, then red mud
would not at all te 2 hazard to the environuent, ..owever, tne
ni~n amount of sodium it does contain makes red mud an ever-
growing menace to fields, woods, meadows and river lire,

It would be ezsy to find a way out if we could process hauxite
with an 2lkali whose residue in red mud were no danger to the
living world., Also, bvauxite exploitation today can be
accomplished with the help of acids and acidics coupled with

an appropriate closed=-system technology and alxali neutraliza-
tion of solid mud remainders, However, it would be too early

to recard these possibilities as a large scale, industrial
solution to the problems outlined, rovever, it is rather liiely
that orne of these methods - now at an experimental sfare =

will -~row into the hasic technology of alunira rroduction and

renlace the raryer process by the turn oif the century,
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CI course trne nuantity of red mud and the worries it cives
us will continue to grow until that time. rfhere is a certain
limit to increasing the surface area of artificial nrd ponds,
which cost money to build, may tie up valuable farmland and
which may be positively harmful over a much larser area

trhan the pond itself, if a leakage of sodium solution occurs
due to insufficient water insulation. If the sodium solution
reaches sround water, rivers or lakes, it will become a
hazard not only to pnlants but animals and numans as well,
Jome alumina factories try dumpins tre mid into fthe seaz,

a method that has provoked angry public response and is

. therefore radically discouraged by some governnents, 50 the
cuestion naturally arises whether there is any zood solution
to rea pud disposal,

A notewvortny technigque of storin; red mua rnas teen developed
by the German tretriider :uillini Co. After the sodium

aluninate solution is seperatea from red mud siudzfe, red nud
is filtered in a drum filter, washed and cnemically processed
in a reactor called mixer, then orocessed wit» a flux material
and finally, when the sludce has lost mucn of its water

content, it is carried to tne storin~ area %y means of pumMDS,.
y ton v & -

Iue to chemical processing, natural evaporation and the natural
. water valance of the storing area, tiie processed red mud soon
loses its surplus water content and hardens so much that it
can even carry heavy machinery, These kinds of red mud storing
areas need no srecial water insulation because the water-
soluble sodium salt content is below 0.5 p.c., so the danger
to the environment is at a minimum, Red mud hardened by the
(fuillini process can be stored in waste=tips 25 metres high,
therefore demand for ground area is reduced to one-fifth
of that of traditional =mud ponds,
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As mentioned before, red mud consists of finely zround
silicates, iron-hydroxide and other practically water-
insoluble compounds as well as of residual caustic soda
and other soluble salts, Recent decades have seen attempts
to look at red mud as a finely granulated homogeneous
additive material for the ceramic industry rather than a
raw naterial for metallurgy.

The initiative was again taken by the Cerman Guillini Co,,
and brick production has in recent years been successfully
conducted in one factory in South Germany by the method

" they have developed and patented, The technology is as
follows: Red mud is mixed with a hygzgroscopic material and
a large gquantity of clay, moulded into bricks by the
traditional process, dried and fired at about 9CO c®, The
mixture ras a red mud content of some 40 p.c,.

The Guillini bricks excelled clay bricks in gquality, with
special regard to strength, the former product was found

2 to 4 times stronger than the latter, It was established,
towever, that firing gets increasingly difficult with a rise
in red mud con*ent, and that the method was only successful
in the case of red nmuds of low or medium ferro-oxide content,

viore importantly, the economics of such & production proved to
ve insufficient to keep balance with the accompanying jproblems:
For one thing, ‘.uth of Germany is rich in cheap clay of
excellent quality and most brick yards own their caly mine,
There was little incentive for the brickmaker to replace his
clay with red mud, especially as clay could not be replaced
totally, Gince the cost of mining doesn’t scale well with
decreasing quantity, the unit cost of clay to the brick coupany
went up., On the other hand the brickyard would have to be very
close to the red mud pond to prevent pollution provlems from
occurrin and to keep costs down. Llthourh no ovrickyard was
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close enoush to tne pond, competition coming {rom several dozen
vrickyards already operating in the area questioned

the feasibility to set up a new o:e by the pond, As the authcrs
learned from one of Guillini’s top executives, now leading
another company in the industry: one has to provide for a large
value added, larger than in brick making, to get started with
the utilisation of red mud, Although economicg work in different
ways in Germany and in Jamaica, this statement is probably valid
in both countries,

On the basis of his previous experience in ceramics tecimolezy,
cne of the authors, lir, F. “uskas, set out to develop a method
to utilize large amounts of red mud in the production of
ceramics, e described this method in a paper that was later
awarded a prize in a contest "Utilization of industrial wastes"
sponsored by the iungarian Academy of Sciences in 1977,

The advantazes of this method can be summarized as follows:

~ A wide variety of products is now possible, including high
value-added items such as glazed tiles and frost-proof poro:s
products,

- llore red mud /over 50 %/ and not just clay out many other
materials some of them otherwise useless, can be used to make
up the body /industrial residues containing silicates, volcanic
products, rock material normally considered dead in quarry and
ore mining, slag from a gartage incinerator, etc./.

- Altermative production methods can be used to sit the product
and the avalilable raw materials, Zase and law cost of production
are key: low shrinkage during firing, fuel saving rapid drying
and rapid firing can te applied readily,

The new method has been patented as an invention in Zritzain,
Augtralia, the United States and a number of other countries, It
was also treated in outline in a ilungarian docunient complied for
a LWZ conference on environmental protection for the alumina
industry neld in raris 20«23 .January, 1381, The author was
subseguently invited to thes raris conference, wiere nis method woun
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general acclaim and was incorporated into the list of
recommendations adopted by the conference, Several delegations
were interested in studies geared to their countries’ respective
conditions, It was the Jamaican government that first requested
UNIDO to have a similar study prepared with rzgard to the
special conditions in Jamaica,

Thus the present study is concerned with an economic analysis
of the use of Jamaican red mud as a bvase material and Jamaican
additives for purposes of the vuilding industry specifically
in that country., Thnerefore the results, conclusions and facts
. established in tais paper should not be understood to refer
to tuhe alumina industry of any other couatry. In view of
samaica’s specific situation, particularly that it nas a nigh-
volume, advanced alumina industry, relatively low population
and a rather limited building activity, the authior ihad <o
confine himself to exploring the possibility of producing
red-gud based food-quality materials Ior tiue camalcan coastruction
industry at a reasonable profit, and a study of Low to utilize
tne total amouat of red .aud available ig therefore veyond the
scope of this paper,
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After the respective subcontract entered into force, tean
leader iir, ¥, Fuskds and meuber of the expert team iir. A,
Ceszti received their briefing on the project from Jr. z.
faldzs, llead of UIIlO’s i{etallurgical .ectiion.

A field trip aimed at familiarization with the local conditions
and selection of potential additives tooix place frow Z3

Jebrucry tnroush O darch and invoived teaz leader T,

e Tl 2 . n e s . . T e ot J . s -
L W8 KA3 and Tealil 42Licers JJI‘. \Te O3 =0nG [=hated 2l e e Lega ul.

In Jazaica iir., Puskds visited alwnina plants and deposits

of potential additives chosen on tne basis of fthe literature
and ceological maps obtained frow br, wrignt 4, 4., Director
and r. ..c Leod geolorist of the sui’s library, ..e zathered
gaunles at all locations, among others, ne vis

vine and Zwarton red mud disposal aeras, tine .odres <uariz
mine and thne granodioryve deposits near :ingsto

n, at all
locations samples were collected,

In zudapest Iir Tuskdés tested atout 5 iy of the sauples ik
siort laboratory tests with different components to find

out, winich materials hie would like to ve includad in tiae
one=ton saaple to Le sent irom Jawaica to surcpe for pilovt
scale testing, After deteraininz the best two composition

in L:is own lavoratory he made ¢laze tests and high speed
firing probes on 25 pieces of 5Cx50x5 mm crude pressed tiles
of each of the two materials in the laboratory of rerro
rolland in notterdam, It was then established that samaican
red wud and additives of a hign 3102 content yield mixtures,
which are suitable for the production of floor and wall tiles
of tre rejuired guality oy high speed firing, despite their
unusualily high:fezos content, ‘here was too .ittle time in
samaica to test the additives by making compounds ol differing

.
by

O]

compositicns and hy firiny, and thne authior only surveyed a

ol ;

Qil

e
v

Y+

ve ienosits on the spot, inhwus in cnoosius tne ovest
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of all tie aaterials at nis disposal ne nad only nis scanty
ovservations to rely on, “he fact that eacr red nud sample
ne took vack nad a different CaCU, content zade laboratory

3
tests very difficult,

rollowing evaluation of the latoratory tests tae autlor

recuested the Jamaican rauxite Institute to send the following

materials to _urope:

50C kg .iruvine dried red aud /to ve taxer at Tthe far end of the
po:i/

250 kg lodres clay /rlack diver/

® 160 kg fodges quartzsand /Llack Aiver/

1C0 kg Andrew clay /above Zocks

80 x= rranodioryte srit /iiue llocunzaiuy/

Ine autnor’s laboratory “ests to produce tricks 2nd roorl

tiles by traditional wet technology vacuuwn extirusion were
unsuccessiul. in spite of Tiiis he reguasted Ihe vancican

party to inclucde addivives Zor this purrose in their consi:mient
for further latoratory tests. at our recuest ana fo;lowing

lr, zuss<lis’s instructions, findle laschiznentau uiinlacker,
west-Cerzany, the outstanding specialists im bricx ~ud roofl

tile production, periormed thre tests betweeir 127 euber
I and mid-Jecembter, 1932.

Using material received from Jamaica the autior made further
lavoratory tests to establish the techmical feasitiliiy of
making heavy ceramics products by wethods other than wvacuum
extrusion,

subsesuent laboratory i2sts and the pilotv plant deionstration
of the dry pressing tecnnolosy were performed at the wochel
am Jee facility of ilesars, Dorst tlaschninen und inlagenvau,
sozething that was special imporiance since tnis firm had
carrisd out a saries of positive aupe-iients in large

1
- B f
S ] : p ; f g Vg iaT - ER s e S
lr.cratorias 2l On 27 1naUSorlan 3calie Wil o lbiearoliall U2d Gdd
I
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and additives. Also, one of urope’s most advanced pilot

vlants and test laboratories were built at llessrs, .orst

in the summer of 1982, and tne jamaican red uud project

was the first complete job that needed 21l their equipment

to perform, The production demonstration session, scheduled

for May 1982, took place only late leptember due to loglstic
reasons, Very much indeed was at stake, since the size of

the pilot equipment and the small amount of material conronents
available allowed for no repetition and even tae comrecsition

of the 2ixture had to bve ucdified on tile ©2asis oI tle

i

jatoratory Tesus,

In accordance with the orizinal project docuzent two . 2naican
ouservers arrived in Zurope for %tihe latoratory ani pileoi-ccale
testinT: r, L. iLugen* and ilr, X, cpence /oamazica auxite

Institute/, Ihe production of various tiles Irom .amalcan
-

3 o~ = 1 F4 1 - P v A —— M =
red oud anl additives was successiully dJemongiratsd 2v Thie

; YA, 3 P o o 2 ey e ey T gy et1Y ;
Jorst plant in the last days of Ceptewter, 132, sutsenvent
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Cihapter Three

Technical _.eport

3,0 Introduction

Jamaican red mud contains varying amounts of lime grains,

It was the author’s personal observation that in the area

of the entry points of mud ponds the calcium carbonate

contents of dried red mud samples is as high as 80-)0 p,.c,

and it decreases across the poné due to sedimentation., Jamples
taken at storage areas farthest from the entry points contained
prctically no Ca.CO.6 graing, The material used in the various

tests nad avout 15 2 CaCO.,
<

This m2ans in practical terms that the red mud taken from mud
ponds cannot te taken into consicderation as a tvasic material

for neavy ceramics products, if products of standard gquality
with reasonable life are to e produced, The reason 1for this

is that during drying, the water-glass that develops in red mud
in tne tecnnolosical process in alumina production and remains
with it thereafter, sets as soon as it enters into reaction with
the CO2 content of the air, and it becomes impossible to turn
tne compound into a smooth slurry purely by steeping it in water,
i.e, witrhout exerting any mechanical influence on it, If, on the
other nand, mechanical force is applied, the grains break up and
become inseparable from mud., EZven under laboratory conditions
lime grains could only ve removed from dried red mud with mild
acid solutions, There is no difficulty, however, in mechanically
removing from the mud coming from the plant lime grains larger
than the size permitted by the type of product to be made and by
the method of material preparation to be used, In the case of
tile making by dry pressing, where materials are to be finely
cround and lime crain sizes will be reduced sutfficiently to
render tnem harmless the problem comes Irom the Zact, that
calciwn carbonate content efects linkerization temperaturse
ran-e and holding time,
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Thare are three alumina plants in Jamaica that currently turn
out red mud, The author received analysis data for all three
and reproduces these in Table 3.1l. ost significantly Jamaican
red mud contains a high amount of ironoxide. When developing
the various formulas the author used rirkvine red mud and other
materials he received samples of., Before final formulas can be
established however the changes in the analysis have to be
meagured that the removal of lime grains would bring about. Ais
far as the materials suitable as additives are concerned,
Table 3,2 lists the typical analysis data for the major clay

deposits on the island,

One important aspect of the development of suitable formulas is
the need for a suitable meltinsg azent, ihe function of the
melting argent is to expand the range in which firing can be
carried out, “nere seem to be such materials available in Jamaica
as their existance is mentioned by ur. u.A,Holdridge, but at the
time of our visit to csamaica this information was not yet avail-
able, and the respective selection now appears less tiran optimal.
In case there is commercial interest in a red mud ceramics
project in Jamaica, final formulas will have to be developped
for the products envisaged, inere is no doubt in the authors’
mind that, the quality of such products and the ease of tihelr
prodvction can be further increased oy refining the formulas
used during the laboratory and production tests described in
this report,

3.1 ileavy ceramics products /bricks, blocks, et/

As it is in the production of structural and partitioning
elenents for the btuilding industry that the largest quantities
of raw material are consumed, our first objective was to sece,
whether any of the forming methods traditionally used by the
ceramics industry for making such products /vacuum extrusion,
cas*ing into moulds, dry pressing/ could be applied to red mud
rased compouncs, ag well, ‘ach Torming metnod places 'istinct
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requirements on the compound to be used, Tne properties or red
mud and the availabvility of suitable additives was of key
concern,

The author further established a suitable method and the parameters
of firing the products, and some promising results were reached

in preparing compounds that do not require firing at all, These

use cement and gypsum as binders, and should be further explored,
tefore a final statement about their applicability can be made,

Laboratory test on brick and block making to be described later
. in more detail gave the following indications:

- Forming oy vacuum extrusion has limited applicability as
the plasticity of the red mud based compounds is low, The
author believes however that by further eifort it should
be possible to develop a formula for products such as full
bricks and blocks with few cavities using materials that
are described in the g=oloysical literature of .~amaica, but
to waich he had not nad access,

- Jamaican red mud lends itself suificiently well to pro-
cessing by dry pressins so that bLricks and roofing tiles
of reasonatle gquality can ve made from compounds containing
some 5C o, red mud rendered free of lime agglomerates and
of local materials that were made available to the author,

. - For larze building blocks the author managed to develop a
formula based on 30 7 lime=free red mud, on which the form=-
ing method used when making concrete blocks can be applied
with good results,

The individual tests and their results are described below:
3,1.1 Laboratory tests on tne production of bricks and roofing

tiles by vacuum extrusion were carried out btetween 20 and
25 “eptemver, 17082 in the labvoratories of ..essrs, iiindle
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3.1.2

liithlacker, Germany, Jor the tests four different tody
compositions were used according to formulas the author
provided, Tue to insufficient binding in the wet body

the pressing results were relatively poor, The firing
tests were carried out between 1 CCO and 1 200 C° and
proper strength was achieved by sintering at a temperature
between 1 100 and 1 200 C°, The sintering effect at this
temperature was not sufficient, however, to make good
roofing tiles as these were not sufficiently waterproof.

A further test in the laboratory of the author in Budapest
was intended to reveal whether a red mud compound free of
CaCl, agclomerates could be rendered usable tor dry pressing
on a’rotary nydromechanic or nydraulic brick making machine,
Cwing to tre extremely nigh Fe203 content of Jamaican red
mud its proportion in the compound could not be raised

avove 60 p.c., in a sharp contrast to tne 75«80 p.c., of red
mud contained in the cast product described below, Thorough
and even firing of highly air-permeable bodies could be
ensured by pressing large holes, cavities or a lot of small-
diameter openings into the bodies and feeding extra aamounts
of air into the fire, It is possible however that in an
extremely long firing cycle or in single-layer high-speed
firing also solid bodies will be fireable,

The author has also nmade experiments related to the produc-
tion of roof tiles by dry pressing, rhe two main points of
interest were to make thin tiles of the required strength
and to find a formula for the red mud compound that was
waterproof. It was concluded that the same compound and
preparations were suitable as for producing glazed ceramic
flecor and wall tiles, For strength redemud based fired
products outperform traditional fired clay tiles hy a
factor of 4, Traditional roof tiles being 12 mm thick on
average, it is evident that even if dry pressed tiles are
reduced in thickness to one half of traditicnal fired clay
tiles, they will still compare Tavourably with the latter in
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terms of strensth, Accordingly, the breadth and length

of rocof tiles will be primarily limited by pressing green
strength and ease of handling, Cn the basis of trials

with small latoratory samples it seemed probable that it
would be possible to press 200x300C tiles both 15 mm and

5 mm thick, and that no handling problems are to te
expected on subsequent production equipment, This was

then confirmed by production demonstration at ilessrs, Dorst,
Germany, cdescribed in preater detail in section 3.2,
f.espective samples were presented to the visiting <amaican
officers,

Casting into an open mould combined with vibration for
better filling is a standard method in making concrete
buildin~ blocks, For the compound the autnor had to use

red mud containing lime grains as he would have had
destroyed the original grain structure of red mud in try-
ing to remove them, lie mixed this material with materials
he received from Jamaica to prepare a2 compound thatl
contained 30 7, red mud /dry weight/ and was found %o be
suitable for casting into an open mould, It was established
that the red mud block dries well in the open air and can
be easily fired in kilus fuelled by wood or coal, as long
as the pieces get sufficient amount of air during firing,

A few pieces of 1C" by 4" by 4" blocks were made in the
laboratory, one of which was handed over to officers of the
JBI in Harch 19837,

3,2 Fine ceramics products /glazed floor and wall tiles/

In the production of glazed tiles using a large proportion of
red mud €elicate technical problems have to be solved, Some of
these probleus are only apparent if the production is continuous
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and large uantities are procduced. The technology and the
formula for a semi-industrial scale production demonstration
were elaborated using the results of the initial lab test in
ringston, Budapest and Rotteidam, The demonstration conducted
by the author at the Dorst pilot plant with kind assistance
from the following experts: lir, Roschlau, head of Dorst test
facility, ¥Mr, Sladek, head of the technical laboratory, Ried=-
hammer Co,, ¥r, Th. C. Pluym, senior staff member for ceramic
glazes, Ferro Co., fully confirmed the validity of parameters
used, During *the production trial a few dozen scuare meters orf
rlazed floor tiles, the same amount of glazed wall tiles and
' a few dozen pieces roofing tiles were produced in good guality,
Samples of all products were given to the visitng Jamaican
officials as well as were presented to the JZI in liarch, 1S83.

in the formula for the glazed tiles that was also used to make
roofing tiles iir, Puskas used about 50 7% Kirkvine red mud and
selected additives from the materials we received Irom .camaica,
The followinz table shows the difference in the analysis of the
red mud and the finished product,

Firkvine red mud clazed ceramic tiles
SiO2 3,04 ;) 48,64 s
AlZO3 13,20 ¢ 11,29 .}
. I«"eZO3 49,40 % 28,20 5
Nazo-hzo 4,0 % 2.10 ;.
Ca0 9.4 5 6,0 .5
TiC Te? % 4,40 7
PZOS 1,0 % 0,55 5
firing loss 12,5 % -
Total 99.84 7} 161,18 7
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3
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S
4,
5
1, freca
‘ne
e made
out into
nelp of
red nud
silicate
water

Tne foll

uction demonstration included the followinz
gical steps:

Freparation of the material

Drying by atomization /granulation/
Fressing

Glazing

Tiring

ration of the material
compound

a compound of 5CO kg dry aatter, and porticned it
a Zorst i 160/17C type wet drum mill with the

a precision electronic bvalance.
)5 dry ;20 wiet
L SINE] zg pidss i
<
50 6.5 250 17.4 267 ¢4
50 6.24 250 18,2 257.7
- - - - 2980 3

owing values have been established Ior the milling

operation:

3olids in the mixture: 60 ;: = 500 kg
Jater content: 40 ;5 = 333,4 litres
Zlectrolyte: Giesfix C 30 = 0.25 »

Grinding

time: 4,5 nhours
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2, Drying by atomization /granulation/

e stored the body in a sludge mixer type Dorst Updl 30,
keeping it in constant motion until it was granulated

the following day. We then forwarded the mud suspended in
the sludge mixer with a pulsating pump into an atomizer

type Torst 40C which evaporates 4C0O kg of water an hour,

We used nozzle 2 mm in diameter for granulation, It took

the atomizer 2 hours to granulate the total quantity. The
air entering the atomizer was at 28C C°, and its temperature
dropped to 30 c® when leavins it,

‘e used ligquid gas as a heating medium, Puring sranulation
the atomizer was provided with automatic dust recovery i,e,

- particles of micron and submicron sizes could not leave witn
the outlet air, while with the help of a dust separater
cyclone they were recirculated into the atomizer where they
played an active part as seeds of agglomeration in the
process of granulation,

Grain size and distribution figures are contained in Table
3.2,

As revealed in the Report almost 75 p.c., of granules fall

in the 200-40C micron range, loisture content was between

% and 7 p.c, measured on leaving the atomizer, and stabilized
at an average of 6 p.c,

3, Tressing

After allowing the granulated material to reach average
moisture content in 24 hours, we used autom2tic control
hydraulic presses types Lorst HPP 500/5 and HP? 700 for
pressing tiles of the following sizes:
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a/ TP 5C0/5: 15Cx150x7 mm /5-cavity dis/
filling depth: 10 mm
v/ iFP 700: 200x300x5, 1C and 15 nm /3 cavity die/
{illing depth: 1C, 2C and 30 am
¢/ Zorst laboratory press: 200x1C0x5, 1C and 15 mm
/single cavity die/
Pressed tiles 150x150 um and 200x20C mm served to demonstrate

3

wall tiles, pieces 20Cx3C0x10 and 15 mm in dizensions
| 4 by

f

represanted floor tiles, wiiile tiles 20Cx3CCx5 mn were used
’

to0 demonstrate roof tiles.

xamining the sreen strength values of pressed tiles it can
ve stated that they correspond to the lowest Iijures oltained
for traditional tiles., Green strengtin will certainly iuprove
with an increase in grinding time, a modification in
technolozy necessitated vy otner factors as

.

ell, After
par with

firing, however, red mud vased tiles are on a
+aditional ones in strenctl,

4, zlazing

Or the basis of tie results of the trial firings witn the
unglzazed tiles in the Riediammer carriacge kiln, lir, Fluyw
has vrepared the following two glazes to be used on the
vilot scale claze line:

A, 1 = 1,199 + L,2C%
A,2 = L,200 + 1,203

e prepared ~lazes 1,199, L,2C0 and L,203 out of the Dbase
iry milled materials, 50 kilo each, with a high speed mixer
and with thne addition of 35 .. of water,
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Litreweizht o

(]
Iz

e glaze:

L.199 = 1 435 litre
L.200 = 1 425 litre
L,205 - 1 550 litre
Fineness of the glazes: 1 = 3 : 250 mesh
Guantity of tiles produced: 30 pieces 150 x 150 x 5 mm, A.l
and 50 pleces, A,2
20 pieces 20Cx 3C0 x 10 mm, A,1
and 20 piesces, 4,2

Total dry welgznts per snruare neire:

Underlayer 200 zrs.
Top layer 650 grs.
Production loss 5C crs.
Total 900 grs.

iir. rluym confirmed in nis report sent to the autior trnat

'_J

S oo
1

ot

’

o

o

}—l-

‘,_I

1))

)

[ ]

:I'

m

re nas not fourd any proovlems durins glaz
believes that the results with the gslaced tiles are
satisfactory but can still be improved if ground glazes
are used, and the neat expansion value of the zlaze used
can be adjusted mom accurately to fit that of the body,

5 Yirine

“ith lir, 3ladex the author carried out the firing demonstration.
The itiles were loaded onto the nailed grating of the firing
carriage with the help of cordierite support plates,

e fired glazed and unglazed floor tiles of 200x100x8=15 mm
and 300x200 mm in a cycle of 75-90 minutes and at a temperature
of 1180 - 1 190 c°,

Tne firing curve could te set relatively easily, as no extra
coolins tine was recuired, since the porous low plasticity
composition renders a rapid casification of the orranic

-l
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particles /7lC=3CC <Y/ and the separation ol carbvon

j7cc-3C0 %/ possivle,

Tull scale trials were performed with all carriages loaded

in th2 kiln,

In the case of unglazed tiles, dimensional stability and
smootnness were achieved for long intervals, In the case
of the glazed tiles, they were somewrat convax because of

- -

2 slicat difference in She neat expansion valuesg oI tne

cr

-7 s -3 - <
clazZe and sucsirace,

The subsecuent examninations in tne latoratory of llecsrs.

nieduamner, Lurembers showed tie followinz: neat expansion

[92%®)

O

~

value of 3.04.107°,77L Joc-3cc €%/ and a 25 p.c. free

ruartz content in the fired tiles,

In summary it could be shown in the production demonstration
that it would te possible to produce glazed tiles and roofing

tiles using some 50 ;. vamaican red mud in good quality.
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i.ain oxide components of red muds that can

be taken into consideration as a rav material for thre

ceramics industry in three alumina plants currently

in operation:

wiricvine lain
A10- 13,2 16,88
ps A
Fqu—_— 1904 L3 ‘;1062
“ J
. TiOz Ted . 556
5102 3.04 . 5.72
} "—- l C ! l.'-
2@3 . 59
firing loss 12.5 1G.48
CaC T.S"locl 8.97 ‘
Lanu 2.0 1 4,07

iain oxicde components oi wajor .Jazaican
that can te ftaXken into consideration as
red nud in the ceramics industry:

~eposit JiGZ A1203 39203 ;aZC
“renchman 67.95 13,63 0,36 1,28
. Liguanea 59.49 18,59 6,73 73.53
rodges 76,24 12,24 1,25 0,08
Tnatchwallk 50,52 21.44 7,95 0.52
Tulloch 59.77 17.43 6,41 4.81
nnollis 55.38 19,03 7.87 3.32
JSydenham 50,33 15.45 38,07 5,50
is Jalley 43,3 26,9 9,6 0.1
aheen lassau 51.8 20,5 7.1 0.5
Oxford ..assau 43,7 Z24.7 7.3 0.1
HZanpden 33.9 26,7 12,3 C.1
‘rose 51.3 13,0 2,7  C,l

“warton

clay ceposits
additives to

s
<
»
C.
(@]

2!
(1
C
1

;2" 5
O,14 C.3 1,52
3.62 1,14 C.41
0.24 0,70 0.67
1.54 1,20  C.90
4,57 2,11 2,76
2,21 1,67 3.36
2.99 4,42 4,40
0,4 2,5C 0.7
C.7 C.l 1.9
Ca2 U7 1.4
C.3 1.5 2e2
Tel 5a2 2.0
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Table 3.2

Technical parameters of the semi-industrial
scale production demonstration

Solids

Water

Giesfix C 30
Specific weight
Viscosity
Screen uash

Hozzle =
. vertically above

Quantity
Bore

Screw mm
Zot air
temperature

Outlet
temperature

Tower

Main fan

Pump

Residual moisture
Bulk weight

> 500

' 500=400

40C=315
315-250
250=200
200-160
160-100

100= 5C

< 50 micron

~
08 0]
*
(PR

]
~ e
[

>

cP

fo2

Y T ~3 LN R ~ b
E R N AN 2 TR T * AT VN

sl

500-60
40

0.25 %

1 620

450

51 mm

3pT - 1C0/6 COC
1

2,0

Drall 4

280/220

90/80
30
165
18
3/17

1 080
0.3
3.1
20.7
31.3
20.6
8.2
6.5
0.7
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Chapter rour

Mlarket and plant capacities

4,0 Introduction

Some 6 CCO new homes are being built in Jamaica currently,
with an average floor surface area of 54 sqm, Mr, Goldson
of Goldson, Darrett, Johnson, chartered accountants,
author of a study prepared for the Caribbean Levelopment
Pank believes 20,000 new dwellings would be needed in
-amaica each year, iny narrowing of this gap will be

. conditional upon a number of factors, the assessment of
which would go beyond the scope of this study. In our
further calculations an annual figure of 10,0CO new homes
will be taken as a btasis,

In about fifty p.c. of the market zlazed products are not
expected to be able to compete with the low cost alternatives
in floor and wall finishes as concrete and oil paint,

To build an average Jamaican home about 1 50C blocks will
te needed for tne outside walls and for one load-carrying
inner wall, and the equivalent of some 2 COC standard
/220x120x55 mm/ bricks for the inner partitions, It takes

. about 4 CCO facing bricks to fully cover thne outside surface
of an average detached Jamaican house,

Shipping tiles from kingston to lew York in 20-foot containers
currently costs $ 0,80 to # 1,00 per sqm tile,

Data for the market survey was collected from statistical
publications for the years 1979, 1980 and 1981, from inter-
views with lir, Goldson, accountant, lir, Gavay, bduilding

contractor, iir, Leod, researcher and others,
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4.1 An initial market assessment

4.1,1 Glazed vall Tile

—omestic

innual sales sluaped from :l1 million pes /approi.
125 taoousand sqm/ in 1979, to 1 million pes in 19738, wut

’ can be reasonably expected to swing vack to arcund 1lZ

miliion pes /135 thousand som/ as from 1362, ana increase
by 10 to 15 p.c. annvally, Zealers typically charge up to
Jp 4G/sqm for the recular wnite 4" by 6" wall tile which
costs about US A 12 /c.i.f./ to import and carries
substantial /up to 65 p.c./ customs duty., -iie market secment
for higher esthetic value products /screen printed tilss,
patterned tiles, hand painted tiles/ is estiuvated <o te
anout 20 thousani scil,

since the total market is now served by importis, it can Te
reasonably anticipated that a local groducer would meet no

. difficulty in taking over the supply of the bulk of the
market, and that it would be possible for nim to initially
sell some 10C thousand som wall files with low to medium
cost rlazes at 52 25/scm.

LSXports

e e—————

e were told that the Caricom area currently nas no
glazed wall tile production, althougn there are zlazing
facilities in Trinidad, Imports of wall tiles of the [IDC~s
/Farbvados, irinidad and “ovaro, Guyana/ nave reachted sone

150 trnousani scm in 1975, those of LuCe~s 55 thouszand sarl
c

in 197%, I+ znould te vossihle for 2 Jamaican nrolucer
0 ecanture 25 », ¢, of the inmrowrt marivet, with 2 siniler
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product to that sold domestically, at an ex-factory drice

of about 44 20.

A few meetings early this year in MNew Orleans suggested
that the US market is open for the Jamaican tile exporter;
with little or no inport duty to be paid, depending on 2
piece of new legislation, awaiting congressional approval
at the time of writing thnis report, There is pleniy of
roon for a medium=-cuality product. To establish himsell,
trhe Jamaican producer’s initizal ex-woris urice nay nhave

T

to te as low as U3 £ 5, but can te increased suhsecuently.

4,1.2 rloor tile
Domestic

‘nere are TYeragzzo and "Vivro" tiles producea in Jamaica,
Imports are marginal /Ls A 1C,CCO in 1978/, Ine whole nerket
is over half a million sgm annually, half of which is

Pl

concrete, some 10 per cent is carpet, Vinyl is imported.

e weretold that some zmounts of clazed floor tiles are also
produced but were unavle to get details. Teorazzo sells at
about 15 JA/scm ex-works, Vioro makes products in sizes
7.5%by 7.5"and 10"by 1C%, Price per scm is J3 12 for the
plain product and J2 14 for the embossed one,

The unglazed Ri-tile /cuarry/ compares favouratly with
Terazzo and Vibro by virtue of its extreme strength and
superior appearance, It Seens reasonable to expect a 20 p.c.
market penetration in the housing floor finishes market at
JA 18/sqm.

As for the glazed product, a larse section of residential
rarket might find it too expensive at prices over 47 30/scm
/dependins on the -slazes used/ but it snould be possible
t5 sell 50 thousaend sm a year to the nmore affluent zome

R : vipr e al
ities and conuercial

‘-l

2c2

[ 45

nuilder, and Tor sise in tourist

vuildinzs,.
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Unslazed klinker tiles /auarry/ sell in large aumounts
in trhe south of the United JStates., Cne llew Crleans dealer
buys thea at A 1.5C/sqft. /£ 16.50/scm/ in the &' by 6" format.
Thnis dealer also does business in rubble /broken guearry/,
pays £ 5.50 for a sam, and sells over 25 thousand sca
annually at atout A 8/scm. Initially, US sales of a few
ten thousand san-s at prices atove L3 A 6/sam and Caricom
exports o some 50,CCC sem at Jf 15/scm are reasonable to

expacs.

e Tne crlazed floor tile nas a sirniiicant exporti polential
as 1t 2an te wade 0 maten in quality anyizinc the maret
now nhas to ofifer. It will no dount taxe soxme tiae ueiore
tiles mzde Ty a camaican proiducer can coapete witn tne
Ttalian and erman tiles now selling at U3 4 40 and over as
this product is also a very deliicate one to niake, Une nignt
want to sell tunis tile in the .orin of the L.s, wnere its
nign sirength and irost-proof feature coull prove o tve
iaportant sales arsuments., Jne Jaricouz narxet may find the
product expensive at Jp 25, and only a limited amount should
be envisaged,

4,1.3 roofing uaterial /’ceramic shingle?’/

_Jomestic

The roofing wmaterial market in Jamaica is over 1 milliom
sam in a year, /new nomes, refurbishings, tourist trace
installation, comuercial tuildings/. Corrugated aluminium
sheets have the single biggest market snhare /some 60 p.c.
according to one source/., This product is imported and sells
at avout JAB 16.50/sqm /the installed cost, excluding the
cost of the substructure fvattens/ is rousghly 44 27.5C/.
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Another popular product, .ecramastic /a steel sheet witna
neat insulating coating/ sells at J4 33%/squm, and costs

JA 44 to 55/scm wnen installed, Shingles have a tradition
but only a minor market share. Price: J& 55/sgm. Clay
roofing tiles sell at J3 5.25/a piece /local product/ or
uore /imported/. Various discussions in Jamaica indicated
that a ceramic shingle stands to gain a significant market
share, Light weight, non-corrosiveness, hign esthetic
value and the fact that it is basically a domestic product,
were naaded by tne persons interviewed as advantages over
the products presently available in tne warket, ..igner
manual labor reacuirement as compared to corrucated aluminium
and Jecramastic were not seen as serious Jrawtacks and it
was Telt that although the initial lack of persons skilled
in its installation misht slow dow: 1ts uariet penetration,
t-e product has a potential to take over some 50 p,c., 0f
the zarxet at a competitive price., oince tiese procaucts
are laid with 75 to 1G0 p,c. overlatping, 29 to 33 pieces
of the 3" by 10" Zormat make one som roof area, [o sell
really larse cuantities, tihe price way nave to be as low
as op 0,50/piece,

An engobed product with a more expensive image could sell
at J4 1/piece and compete with Decramastic,

~Xtorts

«e understand that the roofing market in the Caribbean
area is basically similar to that in Jamaica, although it
nas not been possible for us to conduct concrete investigations,
Because of the freight cost only the engoved product has been
considered for export, thouch,
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In thue US and othner advanced countries in ine area, tne
thin roofing tile will nave to compete with =ternit and
slate, ‘here is substantial interest in the product in
Vestern Germany, where the chances of the red mud based
roof tile to take away some market share from the other
products is viewed optimistically by local investors,

4.1.4 Bricks 4 Zlocks

vonestic

“ne descree of sopnistication is rather low and choice
is limited in the Jamaican wmarket. Costs are relatively
high also because the tuilding Code calls for steel btar
reinforcement of structural walls.,

i.omes are basically obuilt with ceuent-vonded vlocks, and
the annual Lrick production of the apparently only manu-
facturer, Clay Jamaica, is some nalf a million pisces a
year., A housing programie of 1C,CC0 homes a year would
recuire approximately 15 aillion blocks for structural
walls and the ecuivalent of some 20 .aillion standard rforuat
vricks for partiion wall use, It was not possibtle for us *o
ret a clear understanding of {he bdlock production capacity
and output in the short tizme we spent in the project area,
because of contradicting statements, rresently tihers seeans
to be a block maliing capacity of 6 millions blocks, Cement
is locally available from a 3CC,CCO 1lg ton/year capacity
cement plant, which would nave to be extended, if it had

to supply cement for a 10,000 homes-in-a-year nousing
programe,

Clays Jamaica sells its bricks at J4 70 per 100 pieces,
wiile blocks sell at ¢4 80, 90 and 11C per undred pieces,
/ilock length: 16", neight 8", width: 4", &' or 3"/,
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3

rears to be an uncovered demand of come 10 million

¢l

blocks for structural wall and btlock flooring use in multi-
storey buildings, Hed mud tased block would protably have
to be offered at substantially tie same price as are
concrete blocks,

Red mud based bricks could be sold for use in partition
walls, a2s facing products and for structural use by the
uvper nmarket,

At ¢ 7C/piece trhe market may not accomodate mucn wmore than
'. sold now, and a more detailed study siould confirm if atout
6 milliorn s*andard format tricks could te sold at JZ 20 per
1CC pieces, a price that is used in further caleulations,
. N
ZXporss

« more detailed stuiy should reveal any sproriunities

'

for expcris of red mud vased blocis and Tricis, This report
talzes the ore consservative alternative and fo23 not recion

with this possibiiity,

-
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4,2 T'lant caracities

-~

“he demand identified in the previous section could te
fully satisfied by the combined outputs of a medium size
tile plant /1,000,C00 sqm/yr/ and brick/block plants having
an agzrezate capacity of the ecuivalent of some 130 million
standard size /220x110x55 mm/ bricks or some 12 million
vlocks. ror this total output the plants would conswie about
450,0C0 tons of red mud /3C p.c. solids/,
i.ore realistically, wa Teel that e initial plant capacities
snhould be as low as econouically ieasibre, anc provisions
should be made for possible further exteasions, Consequently,
it is proposed tnat a tile plant with a 23,.. L sgn/yT
initial carpacity and a blocx/trick plant wiili an annual out-
put of atout 1U miliion standard units of bricks and
6 11illion blociis be 2s3tablisnad, such an approacin would nope-
fully reduce tiie risx involved to a toleravle level and
attract enousgh capital for tne plants to be built, an estimate

of sales revenues for the plants proposed above is given in
'J..‘able 401 a.l’lCi 4"2.




Yroduct

Table 4,1

i@Pinate of sales revenues, tileffff).ant
/at full capacity/

Unit price
/per sam/

Wuantities to be
sold /1000 scm/

sales revenues

local Caricom other local Caricom other total 1000 free Fx total
export export 1600

(3B 13/ Ush NF Usy /1000 J4/
tlazed wall tile, 25 20 5 100 50 50 200 2500 250 3945
7 mwa thick,
various glages
Glazed floor 30 25 12 50 25 50 125 2250 600 3195
tile, 10 i
thick, various
clazes
Luarry tile, 18 15 6 160 50 50 200 2700 300 3085
15 mm thick
woofing tile, 8.50 - - 325 - - 325 27673 - 2763
5w thick,
samne with enrobe 17 15 1360 50 - 150 2450 2450
Total - - - - - - 1000 12663 1150 14710

YNote: The sales revenue of a 250,000 sqm/year capacity plant can be estimated at around JB & million

1sadepng ‘'viON301

21128
iepje

8¢ abeo




Table 4.2‘ wstimate of sales revenues, ‘r.ck/block plant

/at full capacity/

I'roduct Unit price tuantities Sales revenue
to be sold Jg 1000

1. Common brick JA 20/100 pes 5,750 000 pcs 1150
220x110x55 mm

2. Pacing brick Jp 12/100 pcs 2 million pcs 240
220x110x27,5 mm

3. ‘erazzo tile JA 50/100 pcs 2 million pcs 1000
200x200Ux27,5 mm /80.C20 squ/

4, building block Jp 106/100 pcs 6 million pes 6000
lo"xg"xe"
fotal - - 8330

1sadepng ‘'VION3I DN

8119g
|EPLO

6¢ ebed
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Chapter rive

rroject znzineering

A conceptual elaboration

5.1 Introductioi

In this chapter details are given about the plants suggested
3

section 4,2 of Chapter rour, As stressed at various places

[ ad
o}

o)

in this report, it is absolutely necessary for any utilization
of Jamaican red mud to remove all large lime crains, it

" remains to be investizated if technology in the alumina plant
can be mcdified so that no lime grains are introduced into
the red mué to be used for ceranics purposes, .nis report
offers an alternative soluticn to this problem, i,e. liue
-rains are removed as part of the operations 2t the ceranics
rlant,

snen selecting the type of esuipment to te used in the

1A

technolocy of eithier piznt, 2n eflfort was nace 1o

w

f;

/]

trate

w

a comprouise anong several considerations, 20 illu

ct

this, we should like to mention a few of tha2m: (n the one
nand, product cuality is test assured by automation aand

" advanced technolozy, on tae other nand, it appears to be
one of the priorities of tne Jamaican Governmeat to. create
new jobs, Also, sopnisticated production ecuipnent, as
used by verman and Italian tile manuracturers, requires
substantial skill to operate and maintain and will only
give satisfactory results if serviced with the appropriate
spare parts, which might not always be easy to obtain in
sama’~a, It is encouraging to know, however, that the
ceramics industry can flourish on relatively little tradition,
and ®#hat the country that is now probably the largest single

i
vl

e exporter in the world had no tile industry only rifty

1
vears a-o,
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5.2 Lime zrains removal

The pressure line leading from the alumina plant to the

mud pond will have a tributary pipe with a vibration

sieve of 0.25 mn fineness at its end to hold back lime

crain in the mud, The red mud, now free of lime grains,

rzoes Irom the vibrator to a mixer drum from where a puap

1ifts it into a spraying system at 10 metres nign, wnich

sprinkles it in a fine spray onto one of two concrete

¢rying surtaces underneath, eacn of wnich will have a final

area of 3 CCU san, w.en coupleted, overated in turns, .ne
’ spray nozzles are located so as to evenly cover the concrete

surface with ud.

Red uud sprayinz will run at a capacity of 1C <z/nour/scm

Tor 8 nours in trne hottest period of the day, with 240 toms
of red mud sprayed every working day, tne drying facility way
receive a total of 1 440 tons in o days, ied nud will then
cover the concrete surface 20 centimetres thick, in ¢

witn warw air, red mud will lose most ol 1ts moisture

4

corntent and %ie rest will keep evaporating uniil the next
spraying cycle., uisposal of the dried mud vevins on tne 33a
Zay and is carried on at 24C tons a day for ¢ consecutive
days, -rying nay take place on a total 3(C workdays in 50

. weeks of tuhe vear at an annual capacity of 72,000 tons. rhe
moisture content of dried red iud is at a maximum of 3 D.C.
on the first day and 2 p.c. on the oth day, the averae

teing around 5 p.c, averacing tre moisture content taxes

vlace in the Lase waterial stores of ceramics factories,
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- otoring
Red mud free of lime grains as well as the additives are
kept in a covered concrete shelter, each in 2 cuantity
of about 3CC tons, which feeds the plant for a wnole month,

- Feeding
Red mud and the alditives are fed into the wet »all mill
Wity due corsideration %o their solids content, Zed mud
ard additives should te in a proportion of S0:3C, ater
. inflow is controlled with a water-meter, and is 2llowed

up to 40 m,c., of moisture content, For an electrolyte
/de-vwaterins fluxing raterial/ we use C,25 v.c, Giesfix
C 30 or 0.2 p.,c, trimypnosphate,

- Grinding
‘et crindin~ takes place in vall 0ills of 5 00U X efrective
capacity in o-hour cycles,

- nonogenization
3 batches leavinz the ball nill are fed into a 9 000 kg
propeller miver, where the sludge is allowed to stand for
a minimum of 12 hours., Its litre weight is 1 600 - 1 7C0 73,
. its viscosity is 4CC0=-600 cE,

- (ranulation
After leaving the mixer the sludge passes through a vibration
sieve and is fed by a pump into an atomizer, where it 1is
granulated by spraying 2and drying, The atomizer has a
capacity of 3=5 tons/hour,
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- rressing
ifaving bteen 2llowed to stand, the sranulated nmaterial
coes into a hydraulic press with a capacity of 13 strokes
minute and 215 saqm/hour if 5 dies, each 20Cx20C mm in
noninal dimensions, are employed.

~ Jrying
The pressed tiles in dimensions of
20Cx200x5, 10 and 15 mnm, 2ud
200x300x5, 7.5, 1C andi 15 mn
are kept for a few minutes in a2 compensor teiore soing
. into the feeder of a vertical cuick drier and then to
the drier + itself.

~ Glazins
In order to increase the a2esthetic and utility values
of fioor and wall tiles, they are coated wiih claczes

of different colour, ~uality and purrose on 2n automatilic

?
el * B £ +3 « -~ * ided with =z v
telT, “00I Tlles 20e provide WL 2 Lay

slazing 1 er of
enzote on the same device, The various xinds of claze
ard enzohe are prerared in a servarate shon, larze

recuirement: 1 kg/sam, engobe raouirement: C,2-0,3 Z7/som.

- Storace
. The zlazed tiles are placed on racks by an automatic handling
macihine botnh tefore and after firing, The storage systenm
enables continuvous firing, hen filied to capacity, the

systen stores naterial enouzh for 6C hours of firing,

- riring
ne slace is fired and the tiles solidified in a roller
¥iln providine for single~layer rapid firinz, The %iln
runs in continuous operation except for periods of repair,
Its firinrs capacity is 150 scm/hour,
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sorting
ifter zoinz trroug: tne storing system, tne Iired tiles
undergo sorting, 2 partly automated rrocedure, in whicnh
control of aimensions flatiress and shape is autonated,
wnile 2esthetic deficiencies and other defects are
screened ty sxilled personnel, The woduct is classified
into & ~valities, nemely I. export class, Ii, first
class, III. second class, IV, third cliass, xport suality
lies Ireedom of aesthnetic blemisnes and defornation
ani fullfiluent o tue upper 1ialts of sianiamds [or
arties, Jsirst-class tiles ars fres2 of
o}

formatvion and ine drnvsical
e

v
3
[4)]
[
pae]
]
Q
®
[
ot
o
)
<
(14}
«Q
v
3™
o]
o
[¢)]
W
o]
(oD
Q
oy
'.lu
18}
)]

may nave defects in shape as well, I 2 Troiult n0es
e con o s N co s I
not it intfo anr of these :z2lasses i% iz rerarded as

rcubble, Ttut can te cround and reituriied To tase naterial,

Tted export uality and rirst-class %tile
r

S
icated card voard hoxes, 1 sum/vox; se
and third=class products as welil a3 ronf tii

a

tandaszed into corruzated paper, 1 scin/band
Wl

th an instant fastener,

~elivery

~oxed and bandajed products are placed on pallets,

4C s:-m/vallet on averase, tied up with plastic ribtons,
and delivered to users or ports in countainer trucks,
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.4 eayy ceramics vroducts

(W}

- storage
Tne crude red wud, dried and free of lime grains is
Kept on concrete coated storase area in a cuantity of
4 CCO tons, which provides base material for one onta
of production, ‘ne 1 300 tons of additives are stored
in a similar manner,

tuilding tlocizs are oroduced Irom splirserad redi mul
" troxen to the size of max, ¢ 2C mn in a ?C ton/our

capacity jaw crusnher and sranulator,

- storinz
.ragnizlated red mud is sorted on a two-nlane vitrator,
ine fiper portion will be used to izake triczs, t.e

otrer Ior producing tvuilding blocks,

- iiling the addaitive
Zor Trick manuracture voun red aud and t: e nave
to be nilled into grains of less than 1 wmm with the aelp

of a cesintegcrator ani a pair of smootnh rolis,

" “ne additive for ptuilding bviocis i3 ground in 2 web drua
1ill, “he sludze contains about 50 p.c., of water arfter
1milling,

- reeding
The components for vroducing bricks are weicred in vibrator
feeders and layered on top of each other on 2 -conveyor bvelt,

in buildine block pruduction the red mud and the additive

are fed in by volumetric weisning,.
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- onofenization - wixing

Iin brick production tiie layers of tase and additive .aterials
are fed from the conveyor belt into a single axis amixer ior
nonozenization,

The naterials and the wet-ground additive feor building blockx
production are homogenized in an =Zirich type mixer.,

Granulation

7or the seui=-wet pressinz of tricks the cozpound is
cranulated in :oller-macnines and, followirnz conditioning
and homogenization the granulated material is sent Throusn
a vivrator,

rressing
=ricks are pressad on & mechanical or nydraulic brick
mouldins press,

2locks are shaved in moulds or vy vibrator-mechanical or
nydraulic presses,

~rying

4

After pressing the products are dried in a saelter with

a roof in the open air,

Piring
Firing is carried out in a tunnel kiln equipped with cars,
sleighs or firing cases,

Sorting
The products are classifiec¢ by skilled personnel: broken
and deformed pieces are removed.

Selivery

4

In bvulk or on pallets %y lorry.
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5.5 ifecnnological scieme

red mud
/30 p.c. solids/ ,

lizme removal

Tile making _leavy ceranics maxing

storace sworaze
¢ ’
weizhing Freparation
et willing ?

*ine zZrairs

' \

Conditioning

coarse ;rains

[:i1ling et milling
Jadditive/ fadaistive/
v Y Y

“ranulation eiching eirsrning
. 1 !
rressinz romocenizing sixine
. R | Y _
Drying Granulation Vibration sraping/

J'/, ' sressing

Glazing l Fressing

Storage Jrying
® \

Firing #iring |
sorting, racking sorting
velivery

Delivery
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5.6 Machifry and equipment, tile plant . r~
o
-4
Item Iguipment Cost of equipment o
- for initial 250 OQ0 sqm for additional 500 000 sqm >
. annual capacity i annual capacity 2
" Fx "local " total Fx T local total ! S
in currency cost in currency cost ®
1000 g 1000 Jg 1600 JB 1C00 & 1000 JB 1000 Jg Q
_ Py N ' 2 1 2 '}
1. Body preparation + storage 450 100 600 50
2. Pressing 195 - 240 -
3. brying 110 - 190 -
4, Glazing & storage 250 - 4CO -
De Firing 310 - 540 -
6. Sorting and packing 30 - 30 -
7. Materials handling, internal
transport - 50 - 50
8. Laboratories, workshops, glaze
preparation 50 5C 60 20
9, Seaworthy packing 25 - 30 -
e ) Y " P N q "
v - g 1 A Lo La i A
Total, machinery and equipment, 143C 200 39%1 2040 120 3750
f.o.b,
g L ' e . L
woo
*al
s %o
oS
[0 0}
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5.7 IMachinery and equipment,
Brick/Block making plant
Item Equipment Fx Local Total

in currency currency
10600 4 1000 Jp 1000 J B

1, Red mud preparation, storage 500 1110
2. [iaterial preparation, bricks 250 50
3 Dry pressing, bricks 30
.4. viaterial preparation, block making 350 100
5. shaping, blocks 200
6. Drying 50
7.  Firing 700 6C0
8. Laboratory and workshop ecquipment,
tools 65 50
Total, machinery & ecuipment, f,o0.b. 2145 1950 5770
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chapter Jix

financial and economic evaluation

In the following tables preliminary figures are presented

in an effort to illustrate the extent o economic feasibility

to be expected from the utilization of Jamaican red uud for

building materials as descrived in other parts of tuais report
. in greater detail.,

It will certainly be appreciated that a rumter of faclors
tnat have an influence on the final outcome, e.g., on the
internal rate of return, had fo Tte selected more or less
arvitrarily, ‘evertheless we zade genuine atteapts To arrive
at realistic selections,

Cne sucn selection has been the type of fuel to he used and

its price., It is proposed that for firing in the heavy

ceramics plant and for drying in the tile plant local fuel

/peat, chargoal, wood, or bvagesse if available/ bve used,

The price of J£ 4 per million kJoule of local fuel used in
" the calculation is taken from a Government Heport on tie

rnercy Plan for Jamaica. The same source also indicates the

absolute availability of these fuels, The final decision

on tne type of local fuel and the determination of its actual

availapility go beyond the scope of tnis report.

As tile firing recuires higher-cuality fuels /ashfree, low-
sulpavr, etc./, it has not been possible to propose a local
alterrnative, Consecuently, the report is based on the use oI
imporied fuels, It is provosed that such a plant would
nevert.eless nave 2 beneficial effect on the foreizn exchansge
valance of Janaica in the firal analysis, .ith a view to this
the cost oI importei ener:y nas been calculated without
import duty or 2 similar covernment surcharce, ‘otn plants
recuire a pol eal of electric power, Althousn it mient ve
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worthwile to investizate the possitility of using vower
~enerated at the alumina planrnt, the red mud of wiich
is to be used, the current utility rate irncludiing govern-
ment surcharge has teen adopted for the calculations,

Tre cost of red mud has teen chosen arbitrarily, as it
was viewed premature at this stace to try to solicit
a quotation from operators of the alumina plants, The
costs of additives nave been chosen to te in line with
current Jamaican vrices of sinilar wining proiucteg, :ere
asain ro cuotations have been asked for, since a final

. se~.ecivion of these materials will have to follow later,
subhiect to techrological, logistic and other considerations,

Flant ecuipment and macninery have veen costed using
btudgeting estinates we received from various -urorean
manufacturers of neavy and fine ceramics ecuirment,
Zespective local cost components rave teen estimated, and
will have to he verified against nuotations from local
contractors,

Tn establishins costs relating to land, site preparation,
factory buildinrs, ete, indications received from i:.r.
Henderson bavis, JLLC for lease of industrial facilities

. were used, vages and salaries were estimated on the basis
of information received from Jilr,

Tn order %o keep things managable depreciation is calculated
at a flat 10 p.c. and no government subsidies have bteen
used excep+t for a tax holiday on corporate taxduring the
initial nine years of toth plants,
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The economic and financial calculations have teen prepared
along the guidelines contained in the UNIDO lianual for
industrial pre-feasibility studies, Plant sizes used in
this calculations reflect the wish expressed by the
Jamaican counterpart during review of the Draft Final
Report that the smallest economically feasible unit be
considered.

The rate of exchange used in this Repor* is J3 1,78 to
1 33,

' In summary the authors think that they could prove both
tlie tecnnical as well as the economic viability of using
local red mud in the production of tileg blocks and bricks
in Jemaica and are happy to offer thdr collaboration in any
further work to implement the findings of this report.




Table 6.1 Total@nvestment Cost, “ile Plant
Itew, Investiient Category Foreipgn currency Liocal currency Total cost
/U 1000/ /Jf 1000/ /Jp 1000/
1 2 1l 2 1l
1. Utility connections, auxiliary and service - - 300 200 260 200
facilities
2. Tlant machinery and ecquipment, IFOL Juropean
lTort 1430 2040 200 120 2750 3750
e seight, insurance, local services G €0 106 150 200 100
4. Office ana plant furnishing - - 200 100 200 10u
5« upb Wotal, Initial rixed Investuent Costs 1400 2100 800 570 %450 4300
O Investaent study - - 10U - 100 -
7. ineering, detail planning 200 - - - 150 -
Se Asseunlly, start up and test run of ecuipuent
and plant 200 100 250 400 600 580
S. wown Yayuent, licence, ‘Yechnical Assistance) 175 50 - - 300 620
10, Cub Total, ire-production capital expenditures §75 450- 350 400 1150 1200
11, ~orkiny capital - - 500 1000 1500 160G
_ 12, tontirency 200 ‘ 150 220 230 580 500
1%, Total 2255 2700 2570 2200 5680 7000
Note 1: Costs for 250,000 sqm/yr /1/ and additional 500,000 squw/yr f2/ capacity

2: A licence for the technology can be obtained under agreement with the owner, Messrs, Inter

Ceramic Corp. Inc: Zug, Switzerland,

1sadepng 'vION3ION
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Table . Total investment cost, br‘ plant

S Local
Fx currency Total
Item Investment category US 2 thousand 1000 Jg thousand Jjp
1. Utilities, auxiliary and service fac, - 500 500
2, Plant machinery & equipment
f.o.b., vuropean port 2145 1950 5770
3 Freirht, insurance, local service - 400 400
4, Office and plant furnishing - 150 150
sub total, initial fixed inv, costs 2145 2500 6820
5 Investment study 150 150
Oe “ngineering, detail planning 175 - 312
Te Assembly, start up and test run of
equipmen% and plant 100 200 318
8. Licence technical assistance;
down payument ’ 400 - 710
suby total, pre production capital - 2Eq
expenditures 675 350 1550
PR “orking capital - 1000 1000
10, contingency 150 250 500
‘Yotal 2970 4580 9870

1sadepng ‘'YION3DIN
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Table 6.3 Total production cost, tile plant

a/ For stage 1 = 500,000 sqm/yr and Stage 2 =
= 1 million sqm/yr annual production

Fx local currency total cost
/1000 Us3/ /1000 J3/ /1000 J3&/
Item Cost component stage 1 stage 2 stage 1 stage 2 stage 1 stage 2
1. iaterials 225 451 180 361 581 1164
'i. Utilities & energy 413 827 482 9564 1218 2436
Se Other direct
materials 5 15C 110 220 245 487
4, Wages and salaries 144 . 144 432 690 638 946
5. Other items 379 740 761 1340 1440 2560
Total 1236 2312 1965 3575 4170 7593

b/ For Stage O = 250,000 sqm/yr annual production

Iter: Cost component Fx local currency total cost
/1000 Usg/ /1000 J3/ /1000 J3/
1., aterials 112 90 290
2, Utilities & energy 220 240 610
% Other direct
materials 40 55 125
4, Wages and salaries 144 300 560
5e Other itenms 250 430 880

Total 7€6 1115 2465




1
ltem lieguirement Unit

Table 6,4 Yroduction Cost ltems, Tile Plant

VARIABLi, COSN S

Cost component Unit cost Cost in IFX Cost in Total cost Variable
/1000 U3 A/ 1local /1000 JA/ cost per
currency saqu /d b/
/1000 J A/
1. 8 50U Red wud, 95 .. solids Jb 5 42,5 42,5 0,5
2. 8 500 linerals A and ¥
combined, 95 »
average solids Jb 30 255 255 0.25
8 500 Freight > 3 1.5 63475 63,75 0,10
ton X
50 kun
3. 40 Electrolite 1 500 - 107 0,10
us A
4, 275 Engobe 150 Us $ - 13 0.10
Se 200 Glaze, group 1 for 750 US A - 267 1.74
200 thousand saquw
6. 1060 Glaze, group 2 for 2 Ovu - 356 5450
100 thousand sqn Lo b
7. Sub Total laterials 561,25 1164 2,49%
Note 1: Requirement for one million squ/year production
2: Additives as per proprietary formula
3: For additives only
4: For tile with low cost glaze /item 5/

1sadepng ‘vIDON3IOIN

91138
1epjo
abea

1




‘able 6.5 ‘Yotal @rduction Cost: heavy ceramics..ant

lten lilequirewentUnit Cost Component Lnit "Total Cost| Cost per 1000 vost per
Cost /J# 1000/ |[:tandard bricks|100 blocks
/3B/ [ob/
1. 5642 1106060 | Rked mud, 95 p.c. averare |JZ 5/ton 281 6,67 3475
tons solids
- 2. 22 1000 | Additives, 95 p.c, average JZ 1C 220 8.93 2,5
) tons solids, combined
P o2 1000 | ¥reight, 5C ku JL T.50 165 6.7 1.9
tous per ton
X 56 kn
4. 25 [167 | Lubricant 0b 3/%g 75 2 1
kg
Se - - ieplacement parts - 130 Tel 2
6. Sub votal iiaterials g2l 31,5 11,15
Te 1 10° Electricity, energy ob 0,36/
k.h charge Kun 260 7.2 5
250 < demand charge J 25,8/ 6.5 - -
Ichi
nax,
demand
3. 18 550 will |luel /bagasse, vood, Jb 4
kioule| Charcoal, ieat, Coal/
210 GCU 4200 kJ/kg product: brick 3515 27.4 14
3500 kJ/kg product: bLlock 840
. 00 ‘
- e 1 beu 1;’&&0113 Jiater 34 5,50 5.5 - -
16, .wb “otal Ltilities and Energy 1525 9446 29

1sadepng "viON3ION

anag
1epio

LCebeo



ltem itequirement Unit Cost componen,

.Unit cost Cost in I“XQOBt in

Total cost Variable

/1000 US A/ local /1000 J b/ cost per
currency sqa /fJp/
/1u0C ' J A/
8. 2.5 10°  Electricity, energy  JA 0.36/ - 90 9% 0.90
ki charge kih
950 kw denand Jb 25,8/ 25 25
charge max,demand -
Ye 7 300 mill, N
kioule Fuel /Lagasse, \lood, - 31 31
charcoal, leat
or Steamn/
for vertical dryer
1GC. Fuel /ruel, 0il, Al- Usp 6 1.5
cohol, Gas from .ood/
51 G0 nill, for spray dryer 306 - 545
kooule
86- 700 for roller kiln 521 - 927)
11, 1 500 thousand Jater Jb 5.50 - 3 8 0,0
¢allons
12,. Jub Yotal Utilities and Enerey 827 964 2 436 2.4
13, 40 107 kg Iubricant 0il, etc. JA 3/kg 120 120 0.1
14. - Replacement tarts - 150 - - 0.5
15. - - Packinr material,
» etec, - 100 0.1
16, Jub “Yotal, Otner direct iaterials 150 220 0.5
17. ‘‘otal Variable Cost - 428 1 545 5.4
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}'&-VARIAHLB Cos @ 5
m
8
Iten Recurieuent Unit Cost Component  Unit cost 10 /10GO U3sY/ Tocal Currency Total Cost 5
Stare 1 Stase 2 /1000 Jg/ /1000 Jp ®
Stare 1 Stge 2 otage 1 Stage 2 stage 1 Stage 2 4
§
18, 120 86 1000  lares, for 52 Jg 3/hr - - 560 618 360 618 2
hrs weeks, 44 hours
a week, with
20 5 allowed for
absences
19. 48 - months Salaries, for a Uss 144 144 - - 256 256
teclinical direc- 3 000
tor, 2 plant ma-
nager, foremen
20. 72 - months Salaries for staff JA - - 70 72 72 72
/secretary, driver, 1 OGO
o laboratory and
office clerks/
21, .ub Total, wares and salaries 144 144 4452 690 €88 946
22, - - - Overhead /administ-
rative and selling/ - 50 100 3C6 600 389 7T
234 0 UOU 50U C00  syft Lease of factory 6 - - 371 550 371 530
5450
rer sait
24,500 OGO - scft  Lease of land Jf - - GG 60 60 60
C.20
rer solt
25, = - - Lepreciatioi, 204 290 30 50 400 750 288
mnachines and ‘ ®-
equipment at 10 . e
T 26, - - - Licence fee 3 p.c. - 125 250 - - 220 440
— of sales revenue
27. ~ut "otal Ctner Items - 379 T40 761 1 %40 1 440 2 560
238, wotal ioun-variable Costs - 525 334 1 19% 2 030 2 123 5 506




o
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‘alle 6,6 Calculation of th@nternal Rate of Return; Tile @ant /vValwes in J4 million/
‘ L Stare 1 . stage 2 '
Yeriod Construc- Start Pull Capacity Installation Iull Capacity salvage| lo=
tion un nd start up value
Year 5 6 7 8 9 10 in last
year
Production® 40 50 50 75 1060 100 100
rrogramme / / X
Ae Cash inrlow T7.55 T¢35 11.0 14,7 14,7 14.7 7.0
1. sales revenue T.35 T.55 11.0 14,7 14.7 14.7 TeL
s Cash outflow 3.77 8.30 3.5 6,85 6,35 10,36
/1+2+3/ ' t *
1. Total invest- X - - ; ‘ ‘
went outlay G C 4.58 2.5 ¢ C U
Z. Operatinc
costs, less
depreciation 3.77 3T7T 37T 6,00 6,85 6,85 6,85
7« Corporate taxJ
- at 45 p.c. 0 0 ¢ V] 0] 0 0 5e53
C. ket cash 1low
[ h=13/ =CeD =2,7 3¢5 5458 =U,4YH 2,9 Te35 T.85 4,54
e I.et cash flow
discounted o
internal rate
of returu _ ]
/28 p.cd/ =449 =1.64 1,25 1,27 0,98 =0,20 0,42 L,98 0,75 0,99 0,29

1 1

ioter 1, “ax Loliday up to year 9
1,000,000 sqn

2. 1oV =

81188
1ep|o
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Ttewjilequirement|lnit | Cost Component Lnit | %otal Cosy Cost per 1000 [ Cost per
cost /o4 1000/ lstandard bricks |100 blocks
/9Ll
11, =75 1000 | \ages, 120 worikers Jt 250 6875 - -
hirs
12, i2u monthy Salaries, manageument and dp 2 50 550 - -
6 staff
15, oub Yotal, .ages and Salaries 1C37.5 24 14
14, - - Uvernead /oeliing and
Aduministrative/ 500
- 15, 50 100G L.ease of ractory JA 5,50/
o saf't saft 265 24 11
16, SQu 1000 | Lease of Land Jb 0,2/
soft sqi't 100
i7. - - | bDepreciation/uwachines and
equipment at 10 p.c, - ST 26 6
13, - - | Licence fee, 3 p.c, of sales
revenue Y- 240 4,5 3
19. oub Yotal Otiher ltems - 1682 54.5 20
20, rotal iroduction Cost - 5165 145 74.5

1sadepng ‘'yION3ON
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Table 6.7

Temonstration of the economic

feasibility of a 250,000 sqm/yr

capacity tile plant

in Jg 1000

Sales revenue from Table 4,1 5.C00
Operating costs from Table 6,3.b, less
depreciation - 2,200
Total operating profits 2.800
Initial capital outlay of J@ 5,7 mn is payed back from

profits in two years,




"able 6.8 Calculation of Inlﬁl Rate of heturn; Llock/b‘ri‘l’lant /Values in JA willion/
Feriod . Construc- Start up sull Capacity salvape
tion value
Year 1 3 5 6 a2 9 10 in last
year

Production : Lo :
Trograuue ¥] 80 100 16 10U 1006 100
A, Cash inflow | O 6.7 8,59 8,39 8.359 8.39 8.39 2.0
1. sales revenue O 6.7 8,39 8,39 8,59 8,39 8,39 8,39 2,0
I'e Lash outflow _ .

[1+2+3/ 8 4.3 4.6 4.6 4.6 4.6 6.5 -
1, "rotal invest- ; .

ment outlay 8.0 0 O O O 0 0O -
2, Gperating

costs, less .

depreciation O 4.3 4.6 4,6 4,06 4,6 4,0 4,6 -
3+ Corporate taxl .
~at 45 p.c. o) 0" U ¢ U O 1.7 -
C. liet cash ilow L

/a=1/ =8,U 2.4 5079 5479 5,79 3.79 2.0l 2,0 _
D, ‘et cash [low

aiscounteu at

tie internal

rate ol reiturn _ R . )

/25 peco/ 6,400 «1,216 1,229 1.554 1,24 0,993 0.796 0,637 6,508 0,225 0.180 0.11 l Y

sote: 1, wax :oliday up to year 9

o

1sadepng ‘vION3OIN

1epjo

CME-TS
" €9 afed




page o4
o!dal

LICENCIA, Budapest Seite

References

1/ 3RC, "Eizht Jamaican Clays for Artware zroduction®
by L. Jonson

2/ 5RC, "fhe Cnemical and Fhysical Analysis of Clay Samples
from Hodges, St. Zlisabeth" 1976, vy V. taCosta /iirs./,
0. Dailey, &Z. Sharpe, ii. Anderson /..iss/, J. 3cott /iiiss/,
U, Zowen,

3/ SRC, "The economically important Clays and Silica 3ands
. of Jamaica” by D. lMcLeod.

4/ The liineral Resources of Jamaica _ulletin o 8 = 1973
by I.G. iiughes /3ulk deposits: tuilding materials, Clay
deposits, liineral pigments, ilica sand/

5/ ZzZconomic Geolrgy Report Lo 3 by L.7. -aily
veolozical Survey Department, lingston 1970
"vamaican Clay Deposits"

Tne ovournal of Ilo 2 13970

6/ SRC, Tne iliineralogy of Jamaican Clays
Fart I1I: Clays of the I'assau and Oxford Valleys,
st, Zlisabeth and llanchester Parishes by C.Z. “avis,
3,iLe Ghompson and D,A, roldridge

7/ "Froduction of %iall Tiles from Jamaican Raw iaterials"
by R.J. llachi and D,A, Holdridge
The Journal of the SRC of Jamaica 1971 io 1.

"The development of Cerauic /ares from Jamaican Raw
IHaterial" by D.A. Iloldridge SRC llo 1 1972 April

9/ "Process for the red-mud utilization in the ceranmics
industry"
an invention of IKr, rerenc Fuskds, patented in several
countries

10/ "Alumina production without red mud problens" eatered
for a contest 'Utilization of industrial wastes’ invited
by the H, A. of Se, in 1977




' page {5
oldal

LICENCIA, Budapest Seite

11/ Revort by iir. Fluym/Ferro sent to :ir. Puskis
12/ Report by iir, Sladek/Riedhammer sent to Ir, Fuskds
13/ Report by iir. reldmayer/Hindle sent to lLir, Puskds

14/ Report by lr. Roschlau/Torst sent to iir., Puskas







