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Chapter One

Zxecutive Summary
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Following the recommendation from UN:P, the Indian
Government re:uested assistance from UNIDC in establishing
the technical and commercial feasibility of adapting

a proprietary method of red mud waste utilization for

the production of btuilding materials, elaborated by

Mr. Ferenc Puskis.

Based on a field trip, laboratory tests and a subsequent
pilot-scale production deconstration using . red mud and
varicus mineral additives, all of Indian origin, the
following findings have teen made and are reported in
greater detail in this Report.

1) ed mud from the current alumina groduction of the
local factory (Xorta) is the waste of rroduction,
can be combined -in formulas with additives to yield
products with accertable to excellent quality parsmeters.
Fossible prcducts include brick and glazed floor=--and
wall-tilies by single-firing technique. Red mud ccntent
of such products range up to 45 p.c. rresent rrocucticn
and discharge practices of red mud reguire only a
little change in the production.

2) Considering the size of the Indian building materials
market the amount of red mud waste is not limited for
building indus trial purposes due to the fact that the
demand highly surpasses the manufacturing pessibilities.

3) As energy accounts for approx. lo p.c. of total production
cost of individual types of building materials, the
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cost of energy is largerly influenced what kind of
fuel is used.

4/ The specific energy demand of the universal floor
and wall tiles is reduced by 40 p.c. in comparison tothe
energy requirement of the traditional technique.

The suggested method of singleéfiring has been a

result of great importance all over the world.

5/ Semi industrial scale production test proves the
possibility to produce excellent quality ceramic tiles
from red mud and mineral additives. It is proposed

that a plant be beuilt to produce 2.000.000., sq.m.

floor and wall tiles per year, Capacity can be increased
according to the requirement. One part of the equipment

of the plant is of local manufacture. The value of

the import equipment does not surpass 4,5 mill USD,

The settlement of the pant enables the further development
of the industry and the use of the products for the local
communal buildings, In addition a lot of cities are
within some hunderd of km radius, thus the transport
problems can be reduced to a minimum, The red mud tased
product produced in Korba permits a flexible marketing
strategy tecause the raw material is availabie practically
free,

It is recommended that the Government of India encourage
a red mud waste based production, The method recommended
makes it possible that after the expansion of capacity a
greater quantity of the wastes can also be processed.

From the economic calculation it can be seen that the rate
of return of capital has been 2 years, net cash flow
43,355,600 r.ps per year, The plant calculation of unglazed
tile production is also calculated as an alternative
solution,
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The total capital requirement of the glazed tile
factory for the production of 2 mill. sq.m. has been
191.140.000 Eps.

6/ On the basis of the results of laboratory tests

and pilot scale demonstration the erection of a plant
producing calcium bond walling bricks with a dimension
of 220 x 110 x 55 mm by cold technology with an

annual capacity of lo mill pcs can be suggested.
Investment cost of such a plant has been lo0,090.000 Rps.
The energy saving of this plant in comparison tothe
traditional brick production nas been 30 p.c.

Payback period of the factory has been 3,96 years.

Net cash flow: 1,018.650 Rps/y. The technology
utilizes 10,000 t red mud and 8,000 t fly ash,
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Fro ject Background and History

2.1. Project Background

The method to produce aluminium by electrolyses was
invented by the French Héroult and the American Hall
in 1686, The technology of alumina production was
patented by the Austrian Bayer in 1892.

‘ Over the part loo years the production and industrial
use of aluminium have risen from an annual quantity of
a few hundred tons to 15 million tons on a global scale.
To produce unit quantity of aluminium requires twice
that arount of alumina. The Bayer process yields 1,2-1.4
tons of red mud per alumina tons, i.s. not less than
4o zillion tons of red mud is produced in the aluzxira

& - P e~ 4 3 .- * ) - k4 .~
fa2%a2i23 52 the werléd 2vir, =lrng.le y2ar.

Wnile production figures ran low, the disposal of red
rud in mud ponds was no great difficulty, 3Specialists

. were confident that by the time red mud disgposal weas
to -tecome a headache for them feasible ‘methods to make
tha2 best use of red mud would have teen found.

Initial efforts to put red mud to industrial use lay
in the direction of smelting, 2s was indicated by its
high ferro-oxide content, which may run up to 4o0-60 p.c.

Efforts at smelting resulted in various patented processes
but no industrially and economically feasible method

has been found to date. Repeated economic analyses have
proved that the pre-produce of iron ire subsitute is
non-competitive not so much because of its specific
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technological parameters as the high capital investment
involved.

Uz to quite recent times all efforts to find uses for red
mad in large quantities have failed, and so this by-product
keeps on accumulating year after year.

As is well known to spécialists, the Besyer process, although
the most successful method of alumina production known to

. us, has certain disadvantages. Furthermore, its drawback
sters from one of its fundamental technological phases
that originally put it at an advantage over all other efforts
in this direction. Notably, that ground bauxite is transformed
at loo-280 °C, at 6-80 kp/cm®, with the addition of
concentrated caustic soda into water-soluble sodium aluminate
and insoluble Si, Fe, Ti, etc. compounds. The insoluble

- 80lid psrts of bauxite processed with caustic soda are
renoved by filtering from the sodium aluminate solution,
and this recoved material- is in fact what we call red mud.
If tre solid residue did not contain free caustic soda of
an aggressive character as well as alout lo p.c. sodium oxide
' . equivalent to bound sodium compound, then red mud would not

at all be a hazard to the environment. However, the nign
arount of sodium it does contain makes red mud an sver-
growing menace to fields, woods, meadows and river life.

) It would be easy to find a way out if we could process
bauxite with an alkali whose residue in red mud were no
danger to the living world. Also, bauxite exploitation
today can be accomplished with the help of acids and
acidics coupled with an appropriate closed-szystem technology
and alkali neutralization of solid sud remainders, However,
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it would be too early to regard these poésibilities as

as large scale, industrial solution to the problems
outlined., However, it is rather likely that one of these
methods - now at an experisental stage - will grow

into the basic technology of alumina production and replace
the Bayer p.-.cess by the turn of the century.

Of course the quantity of red mud and the worries it
gives us will continue to grow until that time., There
is a certain limit to increasing the surface area of
. artificial mud ponds, which cost money to build, may tie
up valuable farmland and which may be pesitively narmful
over a much larger area than the pont itself, if a leakage
of sodium solution occurs due to insufficient water
insulation. If the sodium solution reaches ground water,
rivers and lakes, it will become a hazard not only to
rlants but animals and numans as well, Some aluaiaiz
S5 deriss b, cumping the mud into the sea, a metihod
that has provoked angry public response and is, therefare,
radically discouraged bty some governrents. So the question
naturally arises whether there is any good sslution to
. red mud disposal.
A noteworthy technique of storing red cud has teen
developed by the German Gebrider Guillini Co. After the
sodium aluminate solution is separated from red mud sludze,
red oud is filtered in a drum filter, washed and chemically
processed ir a reactor called mixer, then processed with
3 fluxmaterial and finnally, when the sludge has lost
much of its water content, it is carried to the storing
area by means of pumps.

Due to chemical processing, natural evaporation and the
natural water balance of the storing area, the processed
red mud soon looses its surplus water content and hardens
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so much that it can even carry heavy machinery.

These kinds of red mud storing areas need no special
water insulation because the water soluble sodium salt
content is below 0.5 p.C., S0 the danger to the
environment is at a minimum. Red mud hardened by the
Guillini 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.

As mentioned before, red mud consists of finely ground
silicates, iron-hydroxide and other practically water-
insoluble comgounds 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 material for metallurg:s.

mpne initistive was again taken by the German Guillini Co.,
and brick production has in recent years teen successfully
conducted in one factory in South Germany by the method
they have develozed and patented. The technology is as
follows. Red mud is mixed with a hygroscopic material and
a large quantity of clay, moulded intc bricks by the
traditional process, dried and fired at about 900°C.

The mixture has a red mud content of some 40 D.C.

The Guillini bricks excelled clay bricks in quality, with
special regard to strength, the former product was found
2 to 4 times stronger than the latter. It was established,
however, that firing gets increasingly difficult with o
rise in red mud content, and that the method was only
successful in the case of red muds of low or medium
ferro~-oxide content.
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More importantly, the economics of such a production
proved to be insufficient to keep balance with the
accompanying problems. For one thing, South of Germany
is rich in cheap clay of excellent quality and most
brick yards own their clay mine. There was little
incentive for the brickmaker to replace his clay with
red mud, especially as clay could not te replaced totally.
Since the cost of mining does not scale well with
decreasing quantity, the unit cost of clay to the brick
' company went up, On the other hand the brickyard would
have to te very close to the red mud pond to prevent
pollution problems from occuring and to keep costs down,
Although no trickyard was close enougn to the pond,
cozpetition coming from several dozen brickyards already
oreratiaz in the area questioned the feasihlity to set .
up a new one by the pond. As the author learned from
one of Guillini's top executives, now leading another
cozpany in the industry, one has to provide for a large
val.e added, larger than in brick making, to zet started
wita the utilization of red mud.

On the basis of his previous experiences in ceramics
tecknology, the author, Mr. Ferenc Puskas, set out to
develop a method to utilize large amounts of red mud

in the production of cerasmics, Ee described this method
in a paper that was later awarded a prize in a contest
"Utilization of industrial wastes" sponsored by the
Eungarian Academy of Sciences in 1977.

The advantages of this method can be summarized as

follows.,
- A wide variety of products is now possible, including
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high value-added items such as élazed tiles and
“frost-proof porous products.

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

- Alternative production methods can be used to sit the
product and the available raw materials, Ease and low
cost of production are key, low shrinkage during firing,
fuel saving rapid ‘drying and rapid firing can te applied
readily.

The new method has teen patented as an invention in
Britain, Australia, the United States and a nwber of other
countries, It was also treated in outline in a Hungerisn
docuzent complied far a UXZEF conference on environmental
protection for the alumina industry held in Paris,
20-23 Januery, 1981, The author was subsequently invited
: to the Faris conference, wnere his method won general
acclaim and wes incorporated iato the list of recommen-
. dations adopted by the conference. Several delegations
were interested in studies geared to the countries’
respective conditions.

On the tasis of the recommendation of the conference on

the initiation of the Jamaican Bruxite Institute the
Jamaican government requested UNIDO to prepare 2

feasibility study and an economic evaluation. The study

was completed in 1982-83,

Following the above events several states announced their
demand for similar UNIDO studies. In 1983 the Indian
Government also requested ithe author to elaborate technology
for the processing of iron-ore washing and gas-washing sludges
which are the waste products of direct reductional sponge
iron production, for the utilization of building industrioal
Furpose, This work was successfully elatorated in 1924,
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In August 1984 UNIDO invited firms to give offer for the
utilization of brown mud of Shandong Aluminium Works of
China for building material purposes. The commission was
- given and the feasibility study and economic part was
successfully elaborated and comple ted by Mr. Puskas .

In September 1984 UNIDO invited firms to give offer for
the preparation of the present study. The commission was
given to the offer submitted by Licencia - containing
Mr. Fuskis's ceramic expert, proposals.

On the basis of the preliminary-document UNIDO approved
. the plan of work and ths calculation of the pilot scale
feasibility study.

In the possession of the above references Mr. Puskas
undertook to prerare the UNIDC study and ﬁilot scale
testing through essrs., Licencia, using the bauxite
residue of XCRZ\A alumina plant and other local low

value materials, and conducting pilot scale testing for
trocessatility %o tuilding-construcion materials for
demonstratisn scale production of tricks, blocks, tiles,
etc.

According to the contract tetween UNIIC an; Licencia in
this project, a geologist and a chemis vis.ted the project
area including New Delhi and Korbta. Txneir work was limited
only to geological and chemical work sters, because team
leader was aware of the necessary econcmic informatiqn due
to the fact that he prepared the project document as well.

The material samples collected on the spot by chief geologist
Dr. Komldssy and chemist, Fr. Gechter were subject to
laboratory tests in EBudapest and Jest-Germany resulting the
optimation of pilot-scale formulas. 5 tons of the material
were delivered to Budapest by Messrs., 3ALCO.
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In conformity with the above thisstudy deals with the
quality of the producable goods, the optimation of the
manufacturing technologies in respect to the processing
possibilities of the red mud of Korba Aluminium Plant,
elaborated by Mr. Puskas.

Thus the present Study is concerned with the use of

- alumina factory red mud for purposes of the building
industry Specifically in India-Korba. Therefore, results,
conclusions and facts established in this papsr should
not be understood to refer to the alumina industry of
any other country only to Messrs. BAICC, Korba, India.
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2.2, Project Hdistory

After the respective sutcontract entered into force,
Dr. Komldssy chief geologist and Mr. Gechter, Chemist,
members of expert team receivad their briefing on the
project from Mr. Shen Wenrong, UNIDO, Vienna.

A field trip aimed at the familiarization with the local
conditions and selection of the potential additives took
place in March 1985.

. From the local additivss the most appropriate ones were
chosen, and taken to Eungary in a qua.tity of 2,5 «gs.

In Eudapest Fr. Fuskis testad the samplas in short
latoratory tests with Qifferent components to find ocut

which materisls he would like to be included in the 5

tons sample to b2 s2nt from Zorba to rHungary. for pilot
cale testing. ifter deteraining thes test composition

in his own latoratsry h2 mad2 tests and firing experiments,

It was then estaolisn2d that red ~ud of Lorca and
additives yi=ld mistures which are suitable for the

‘ troduction of f£loor and wall tiles of-°the rsquired
. quality fired out in electric kilnm on a temperature
of 1150°C.

Following the evaluation of the latoratory tests the
author requested iiessrs, 3SALCC to send the following
materials to Hungary.

red mud 2,5 ¢

fly ash from the state power station 1,5 ¢

mottled clay (plastic refractory, deriving

from the Kusmunda coal mine ted rock) 0,25 t
lithomarge 0,5 t
arkosa sand (M-nikpur-Colliary quarry) 0,25 t
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Subsequent laboratory tests and the pilot demonstration
of the dry pressing technology were performed at the
Kochel am See facility of mMessrs. Dorst Maschinen und
Anlage1bau, something that was special importance

Since this firm had carried out a series of positive
experiments in lzcrge latoratories and on an industrial
scale with Hungarian, Jamaican, German, Chinese and Indian
red muds- and additives. Also, one of Europe's most advanced
pilot plants and test laboratories were built at Kessrs.
Dorst in the summer of 1982, and not this Indian red mud
Troject was the firs complete job that needed all their
ezuirment to perform,

Tre production demonstration took place in the middle

of December 1985 with the participation of ¥r. 3Snen Wenrong
UXIDC official . Unfortunately the Indian dlegation was

not in a position to take part on the testing and demonstratio=
thefore the demonstration was repeated at the end of June,86

with the participation of BALCO representatives.

Very ouch indesd was at stake, since the size of the
vilot equipment and tke amount of material components
availeble allowed for no repetition and even the
cocposition of the mixutre had to bemodified on the basis
0of the laboratory tests.

The production of various tiles from Korba red mud

and additives was successfully demonstrated at the Dorst
Plant in Decexber 19€5. Subsequent reports have teen
prerared which are presented in further parts of this
Report.
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Crapter Taree
- Technical Report
Main oxide components of red mud of BALCO
Fe,0, 46,5%
8102 21
A1203 12,5
Ca0 9
'1‘:I.02 2,5
Mg0 1,5
Na,0 2,1
K,0 0,4
S 0,4
L.0.I. 11
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7.1 ceolo-ical survev and testins of available raw materials

Iaboratory_tests

The material samples collected in the Project Area
were tested in the laboratory and the results are as
follows.

From the mixture of Korba red mud, lithomarge bed rock
of Putka Pahar bauxite mine, the rgﬁractory mottled

. clay and the arkosas sandstone deriving from the

‘ Manikpur-Colliary quarry architectural ceramics of
high quality can be produced.

By using tke red mud o Korba and the £fly ash of
the state power station of Korba (teside the manipulation
of fly ash) good guality walling elements can be produced.
The fly ash of the state power station can t® used without:
any zanipulation alter oixing it with red mud and cexent
for the production of good quality walling elecents, by
cold technique., The mixture of Korbta red mud and fly ash
of trz state rower station rssp., the f£ly ash of the power
. staticn of the alucinz factory in Korbs can te uszd Br
agricultural purpose as an effective sucstance bearing
granulated by mixing the additive in the appropriate
ratio, '

The lime factory of Korba alumina plant can give the

suitable quality lime stone granulate for the manipulation

of the fly ash of the state power station.

The same relates to the production of the granulate for
agricultural purpose (lime stone granulate).

The guality of the mottled clay deriving from the quarry

¥o.3. of Kusmunda is suitable in quality for the plastification
of the mixture, ’
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Available additives for the utilization of red mud
of BALCO, Korba (India, Madhya-Pradesh) for the
tuilding materials industry.

1. ¥2llow clay (sandy-silty)

Several smaller brick factories are working in the
neighbourhood. Their raw materials are the changing
sandy-silty <lay sorts available in an unlimited
quantity on the surfacewhich macroscopically can be
easily recognized.

Chemical and mineralogical ccmrositiszn

310, 61.1 %
11,05 18,7 i
:e203 €,2 %
110, | 1,0 %
I.0.I. 7,8 i
Cal 2,1 %
REPLY 1,24 £
K50 0,38

xaolinite ccntent of the sampls is atout 37-32 .5,
3ignificant gquantity of silica is in'guartz and
f2ldscars, Iron is wound to p2litic (clayey) fractions,
it is in goethite, the nematits plays a subordince role.,
The alkalies signalise the pressnce of feldspars.

2,.Coal shists

Alongside-the lower Gondwana coal seams in the
neighbourhood of Xorbta coal bearing clay shists can
be found, In some places they are micacous, and plastic,
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The utilization possibilities will be exsmined detailed
because the quantity of the stocks according to the gological
Judgement and survey is secured, its mining is simple.

3. Mottled clay

In the overburden of the coal complex suitable quality
mottled clay can be found in 2-4 meters depth frowm
the surface for the production of red mud brick, Its

‘ thickness is 2 m. In the neighbourhood of Kusmunda quarry
No.3. 100-200.000 tons wsre explorsd up to now. In the
explored areas during the following 2-3 years it will te
exploited together with the other iverturdens.
The separate exploitation and deposition thereof can be
theoretically solvsd if it is confirmed by the tecznological
experiments,

‘ SiCz 52-83 %
39203 3'6 70
Tioz 1-1,5 %
L.o.I. 8«1lo %

As far as mineralogy is concerned the kaolinite content of
the clay may varies between 15-25 %. The iron in goethite.
Some percent of calcite was also detected by mineralogical
investigation. The gquartz represents about lo-20 %.
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4. Lithomarge

The geological prc ile of Futka Pahar bauxite mine
(30-35 m) from gorta alumina plant) is as follows.

- laterite soil oc-1l m
- pirolitic laterite 0-7 w (frequently 2-3 m
pizolitic lzterite)
- bauxite 2-5 m
- ferroginous laterite 1-2 o
: ‘ - lithozarge 3-4 m (tufaceous clay)

basalt - deccau trap

The lithomarge is explored on the border or basalt

platos, in nalss, and rpad cutting. The tauxite mining
exploited thz ors in savaral vits, thus by removing

ths laterite overbturden, valuable formation will be available
f-r us. In tz2 natural outcrogs about lo0.000 tons can

btz 2xpzcted. .

C : ccmzositizns_are as follows.,

‘ - s a» an o - - - a» o =
»

Q
W
a
..J-
0
Q
.—l
W
”°
(TR 5
1}
'4-
e}
1]
ry
[1V]
H
10
m
T
"
0
"

5102 45-50 /%
F8203 T=17
L.QQIO 12"15 /;(1 M

Comparing with other types of lithomarge one of our

samples was extremely rich in silica and poor in alumina.

As ths silica content significantly surpass that of alumina,

it means the remarkeble quantity of non-altered rock fragmants.
Yaolinite content varies between 30-7o0 4. Iron is partly

in goethite tartly in hematite.
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5. Arkosa sand

It derives from the denudation of older granite, it is
an arkosa sandstone depositing in the high overburden
of coal seams, under the surface 0,5 - 2,0 m , in 3
thickness of 3-8 m,

(Quarry of Manikpur-Colliary)

The prevailing grain size is between 2-3 m.. More than
6o p.c. of the rock is quartz, the rest is feldspar.
This means a SiC, content of 75-8o p.c.

Caerical and mineralogical comdosition

SiCZ 81,8 &
292\;3 1,6
I,0.1. 2,2

Zoss o2 ignitioﬁ refers to some percents of kaolinite.
The main mineral is the_guartz , representing atcut
€2-65 ,3, less then lo p.c. is ortoclase feldspar.

There are some non-delinable rock fragments, too.

Both the material testing and the experiments regarding
the technigue are in progress, It is an economical
question whether from the additives the mottled clay

or the lithomarge will be the most suitable.

It is determined by the further expected explorations,
mining and delivery.
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constructing matters

Using the red aud waste for the purpose of producing various
coveriﬁg tiles we have taken into considerat;bn red mud
sanples from different deposit pounds, different kinds of
clay containing samples ingathered directly for this purpose
on the spot.persozally, and of a hign cuariz content overdurcea
deposit near Lorba.

In accordance with the preliminary research plans tine red mud
was used ia varying percentage /4C-7C .7/ in the final
composition, At determining this final composition the
followins aims were respected: to reach the possible nignesv
ratio of red aud at the same time of achieving the optizal
guali<y level of the targeted product, considerating tas
local circuastances in the point of view of the manufacturing
security. 37 the selection of the other additives the long-

term availability of theirs was also regarded.

Turinz the laboratory manufacturing technology quests
’altering colours of the burnt subjects could have been
seen, This fact also showed in accordance witih the chemical
analyses that tae lime content of the red mud samples

taken from separate ponds and from the current origin

stroncly alter,
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In the first approach 70 » of red mud, 2C ;5 of lithomarge
and 10 ;4 overburden of high quartz content were taken,
According to our wide knowledge taken from our numerous
sinilar studies preceedirgz this the fabricating proceeding
was the following., The mixture was put into a ball-mill
and was ground to fine particle size in wvet condition.

‘ Afterwards this sludge was dried and gramulated to gain
a so=-called dry press-powder, It’s optimal moisture
content is'around ten percent., If the powder is not dry
anouzh it tends to adhere to the metal plates of the
pressinz machine, In the case of low humidity the initial
strenzsth of the pressed goods will be insuificient, causing'
cemages curinz processing and gives unwantad influence
to the cuvality of the final products,

‘ Zue to the low plastic conent of the z“irs".: aixture the
test snowed low pressed strengtn and faulty products in
nizn ratio as well as unwanted degree of shrinkage of |
burnt goods and water uptake, On the base of the observation
of the first attempt it was advisable to decrease the
guantity of red mud parallelly with the increase of clayay
and sandy part as well, In the second approach the red
oud of 60 percent, the lithomarge of 25 percent and the
sandy additive of 15 percent were combined., The technological
steps carried out were the same as mentioned previously,
The pressed and dried pieces were burnt at a temperature
of 1050 °C, considerable improvement could be observed

iz the security of fabricating of semi-procduts, in
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distrioution of grain size in the granulated press-powder,
the strenth of the pressed goods increased, but the
quality peculiarities ol burnt tiles did not grow
significantly yet., The shrinkage durizs “urning and

water absorbability was still high.

In tris phase of the investigation parallel experiments
were carried out in order to replace the lithomarge partly
or totally by the "so-called" fire-clay samples taken

froa Jorth-West front of Xusmunda coal expoitation

xarry Lo. 30, Althouga this kind of clay shows same
advantageous features /i.e, placticity, acility of turning
inio sludge more easily, diminishing the grinding period
e.t.c./ in several stazes o7 woriing out tended to act
unteretficially and causing'inclination to deformation

o vurnt %tiles. Furthermore, decause of e uircertain situation

iz tae coal mine éxploitation the separation of the clayey
pars of ke overrurden seems to be more difficult traa

‘ aining the btetter quality lithomarze in a territory belongizng
to tne same enterprize. Cespite the above taings we want
%0 21phasize tnat this fire clay may be useful in different
purpose and different technology., raving tﬁe possession
of the hitherto resulcs‘we altered tihe composition to
the direction of better quality products, In the next
latoratory test of zetting wall tiles, we fixed the ratio
of red mud at 50 percent; the Tutka Zalar Lithomarze
at 30 percent, and the sandy additive at 20 percent

ia the mixture, following the above ametnioned procedure
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the optimal moisture content of the granule was set. The
properties of press-powder reached the maximal requirements
in every aspect, the distribution of particle size was
optimal and did not change. during the operational steps,
neither in space nor in time, It’s tendency of crumbl ing
firally stopped, so tanat the clayey content gained it’s
optinal ratio. During baking the pressec tiles in electrically
ﬁeated laboratory kiln at a temperature of 1050 °C,
inclirnation to deformation or cracking was not observed.
‘ It seemed that this composition is very close to a general
purpose covering material for wall tiles as well as floor
tiles for interior use, Sut if targeting a separate wall
tile producing line its shrinkage is still a little bit
Lizh /about 6.5 percent in latoratory circumstazces/.
That is why the sandy part of the composition was fo be
raised to 25 percent, wrile the red aud ratio was reduced
to as low as 45 percent, The clayey additive rexzainec at
the necessary and adeguate 30 percent, The contraction
fell dowvmn to a2 satisfactory leéel of atout 5 percent, The
physical features of the tiles /hardness, strengths both
. bending and pressing can be compared by the Hungarian
and international standards and prescriptions. Further
efforts were done to lessening the contraction.by increasing
the silicate content. The further results gained by this
way were not preferavly comparable to its financial
drawbacks, So it can be stated that the 25 percent of the

given sandy additive is tiie upaost ratio in use,
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It has to be emphasized tuat this ratio ol the composizng
raw materials need a single firing process, if the tiles
are glazed because of the high silica content, but as it
is world wide known nowadays tne single firing process

is always more advantageous economically than the double

one,

‘men a sebarate floor-tile producing plaat is réquired
the composition has to be preferably changed. Gaining

a hizher density of the body the baking temperature siaould
te nigher by about 3C-50 deogree, It could be reached
through a greater measure of contractiion «what was carried
out by cutting cown the ratio of sancdy acditive azd
parallelly rising up tiae percentaze of red muc, As it

was mentioned telore the.EO percent of clayey part is the
optizal, Gradually changing the ratio of those cozponents
it is found that 55 percent of red mul can Te rezarded

a3 maxizmum, that means tunat the sandy additive orizinated

from a spoil-tank occures in 15 percent as a minizud,
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Strength testing of walling elements made of red mud and

fly-ash both of Indian origin

Aia of tne testing was to investizate the feasibility of
the manufacturing of walling elements meeting the strenght
requirements made of the mixture of red mud and'fly-ash
by calcium-hydrate birding material.
The strength testing was carried out according to the
. prescriptions of the Fungarian Standard No. 523/4.

Deviations from the Standard are as follows:
= The binding material is not cement but calcium-hycrate,
- The grain size of red mud and fly-ash is under 3cd/um.
- The ratio of the components were determired according

to the tatle Mo 1, tzus the stipulations of the Standard

rezarcing cemeat mortars were not followed.

‘ festine method

The aixture was méde according to the ration given in the
Table lio 1, From the mixtures composition was made by
adding 30 per cent water, by using the mixing equipment
stipulated in the Standard. From this mass elements of
40x40x160 mm size were shaped, The elements had been left
in room temperature for 24 hours for strengthening then
had been put into autoclave to reach the final strength,
Parameters of the autoclave are as follows:

- gtean pressure 1C kp/cm2

- duratior 8 aours
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The stfengthe:ed probe bodies were dried on a temperature
of 106 °C to reach their final weight then the benling
and compression strength were measured according to the
method prescribed in the Standard.

¥easuring data are sumzarized in Table lio 1.
tatements

On tze basis of tre testing the following statementis can

ta consideres;

- Tne Standari testing =ethod is suitable to get adegquate
irformation on tie mechanical strengtn of mortar type
—~aterials in the present case of red nud tasses. e
consider it necessary, nowever, t0 justiiy the buildirg
tecrhnological suitability of the product guality on the
tagis of the tests.

- 3y increasin; t:oe caiciuz-nydrate content tihe coz reséion
strength also increases, Tt can te stated that the rate
of increase is not proportional to the cnange of
caleium coatent, By increasing tre calcium~-nydrate
content froa 10 per cent to 20 per cent the compression
strength can be increased to almost its double, Beside

3C per cent calcium-nydrate content the measured compression

strength practically does rnot ciZfer from a 20 per cent

value,
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- The bending strength of the samples by increasing the
calcium-hydratc content shows an. increasing tendency

- The volume density of the probe bodies irrespectively of
their composition changes between 1300-1400 kg/m3 which
means in comparison to the volume cdensity of a ziomal
clay brick /1700 kg/ w7/ a lower value. The volume density
of a fired hollow clay brick is 1220 xg/m’, that of the
walling insulating brick 1320 kg/m>.
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Tadhle Yo 1 -

Mecranical Characteristics of Red Mud of Indian Oricin

o . Characte-
No | Composition ristics l. 2. 3. Average
red cud volume A
5 density | 1281,3 |1340,0 (1297 1306
* 130 % tending 9
. strength 1,0 1,10 1,38 1,21
galcnm /M.Pa/ ’ ) ’ ]
ydrate
. 10 ©: compressioiy _
strenctn k,80-7,€0|6,40-6,C0|5,40=8, 6,66
[Ea/ '
red mud voluze _
5G 3 censity  |1379,0 [1367,2 |1l441,4 [1385,8
9,
N O
1. 1350 3% dending 22 1.21
2l cina 7:§g§7 3t 1,22 1,21 1, ’
hydrate - )
20 3 compression| 14 a5 113,26 12, 3=
7"{;’:}‘«“ -14,40 |-1a,6c  |-1i,CC  |1¢,13
‘ red mud volune 13¢c,8 |1%08,6 |1308,6 |1306
: G 7 densgity ’
fly-asa /xg/a3/
) 0 7 vending 2,29 |2,55 2,68 2,57
calcium strensth
nydrate /iiza/
20 %)
conpression 16, 4- 15,6 13,50- 15,00
5;;'7“5“ -16,00 [15,20 -13,20
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3.4.. Pilot scale production demonstration in

Hungary, Kiskunhalas brick factory

On the occassion of the visit of BALCO representatives
between 23 June - 9 July 1986, pilot scale production
demonstration was organized in Kiskunhalas lime-stone

brick factory in Hungary on 2nd July 1986.

The composition of the mixture used for brick production

was the following:

500 kgs red mud
400 kgs fly ash
loo kgs lime

After an intensive mixture of the ccmponents with water
in a ratio of 15 p.c. bricks were pressed by a specific
pressing force of loo kp/cm2, The bricks were packed on
hardening cars, and were delivered to the autoclave.

The treatment in the autoclave was made by 12 at pressure,
temperature of steam wﬁs 180 °C, with a duration of 7

hours., The strength value of tne finished product

was loo kps.
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It is to be remarked that the material composition
was inhomogeneous, therefore, the real strength value
had not been achieved due to the fact that the adding
of lime was made in the form of lime hidrate instead
of calcium oxide because the composition could not go

through the whole line.,

According to the experiences better results can be
‘ achieved if calcium oxide is used in the composition

where the 1lme is slacked in the reactor.

After preparing this mixture in laboratory additional
testing was made where the results confirmed that under
suitable circumstances bricks of optimal characteristics

can be achieved.
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on the production of ceramic tiles from a body

with red mud components in single firing.

Carried out for:

Licencia, Budapest

team incl#ded Mr. F. Puskas, ceramic expert, team leader
M.V. Pap, project coordinator
Mrs. Batri, Project consultant

by: .

DORST Maschinen und Anlagenbau

Mittenwalder str.61.POB lo$+129

D-8113 Kochel am See

DORST team included: Mr. Roschlau, leader of laboratory

Mr. Griaf, ceramic engineer

27th June, 1986.

With the participation of:

Mr. T.K. Agrawal, Chief Technologist BALCO, India

Mr. Kedarnath, Techn. Manager, BALCO, India
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1. Scope of order

The aim of the visit of the Licencia team was to investigate
the possibility of production of tiles from a ceramic body
with red mud components. A batch consisting of three raw
materials was -to be processed as follows:

. - preparation by means of wet-grinding mills,

spray drying of the slip

pressing of tiles with this granule and subsequent drying,

glazing of the dried tiles, and

firing of the glazed tiles

The tests have been carried out in the Test and Research

Centre in Kochel am See from 23rd to 27th June, 1986.,

»

‘ under the supervision of Licencia team, and with the

participation of BALCO delegates, India.

2. Performance and results

-y - - - -

For the trial the following raw materials had been

placed at disposal:
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230 kg red mud (approx. 45 p.c.)
140 kg sand (arcosa) 30 p.c.
130 kg lithomarge 25 p.c.

236 kg water

‘The raw materials had been weighed and ground in two bat~hes
of each 250 kg with 118 1 of water in a wet-grinding ball mill
(Dorst NM 1lo0/90)

Dorst Company placed at disposal the liquifying agents Giessfix
C 30 and Dolapix PC 67. Hence, both batches were liquifying
with o,1 p.c. of Dolapix PC 67 and 0,25 p.c. of Giessfix C 3o.
The grinding time for each batch six hours. After this

period of time the residue was smaller than 5 p.c. on a sieve
with 63 um mesh aperture.

The slip ground in two batches was subsequently put into a
container with electric stirrer and kept in constant
elutriation until the spraying was effected in:the spray

drier.

2.2. Spray drying

By means of a diaphragm pump (Dorst MPz 80/25 R) the prepared
slip was pumped to the spray drier (Dorst D 4oo) which has

a water evaporation capacity of /40> 1/h. The entire slip was
sprayed into the tower with a nozzle (¢ 1,9 mm) whereby the

air entry temperature in the tower was 350 °C.
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The heating medium was liquid gas and the pre-heating of

the air was done b yan integrated heat exchanger.

All technical data as to the spray drying have been listed
in annex 1. The sieve analysis of the granule révealed
that the main range of the granule distribution is at 2oo
to 315 um. This distribution being very favourable for pressing
had been achieved by the fact that the spray drier has an
. automatic dust recycling, i.e. small particles which are
swept out of the tower with the exhaust air can be separated
by means of a cyclone.
The separated particles are transported into a pressu:+ line
with which the dust is blown into the tower again near the
spraying nozzle. Thus an additional agglomeration of the
dust particles is achieved so that the very fine proportion
of the granule remains relatively small.
¢ :
In the spray drier approx. 500 kg of pressing granule with

a residual moisture content of &5 p.c. was produced.

2.3. Pressing
The granule produced by the spray drier was pressed on a
fully-hydraulic tile press (Dorst HPP 750). By means of a

three-cavity die (215x322 mm) tiles with an edge length of

approx. 217x324 mm were produced. The specific pressing
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force was approx 290 bar at a tile thickness of 8,5 mm.
The adjustment of the various pressing forces at the machine
can be calculated from annex 2. "industrial trial on

hydraulic plate press "HPP 750."

After pressing the tiles were placed on a perforated metal

sheet and were dried over night in a chamber drier at 1llo °C.

In summarizing it can be stated that the granule with red mud
components has a good pressability and reacts relatively

insensitive to change of pOressing force.

2.4, Glazing

For the glazing of the tiles Company KERAprogress placed a
‘ liquified glaze at disposal which based on a Circonia frit.
This frit was kept in a homogeneous condition by intensive
stirring, and shortly before use it was provided with an
additive tylosis (2 g/1). The specific weight of the glaze

was 1500 g/l.

The hot tiles were removed from the chamber drier and were
placed manually on a glazing line. After machine brushing

of the tiles the glaze was applied in a cabin with a rotating

disec.
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By varying the speed of the conveyor belt a glaze thick-
ness on the tiles of approx. 1 kg/m? was achieved. On
account of the low slip weight of 1500g/l1 a very slow
speed of the conveyor belt had to be chosen resulting in
the fact that a dripping of the glaze from the edges of
the tiles could not be prevented. The glaze was fixed

by means of heating up with IR-radiaticn.

2.5. Firing

For the firing tests a RIEDHAMMER sledge kiln with a total
length of 16 m was used in our Test and Research Centre.

It has to be point out that the firing tests have not been
simulated but rather have been carried out on an industrial
scale in placing firing material on all sledges of the kiln.
During firing the glazed tiles were placed on Cordierite
plates which were supported by a mesh of ceramic pins.

The sledges were continuously moved through the kiln with
four burner groups heated with gas.'

With this arrangement the firing programme can be set by

selection of the suitable temperature and the passage time

of the tiles .
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2.6. Laboratory tests

By means of a three-point testing device the modulus
of rupture of the tiles were tested before and after
firing. The results have been listed in annex 3.

As to the modulus of rupture in undried green tiles

this value has been 8.35 kp/cm2. After drying this

value has been 12,78 kp/cm2.

4o
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Semi_industrial FIQ,/ Annex 1..
. Red - mud test
Spray drying_

PROJECT / CUSTOMER : Licencia,Budapest CRDER NO.

30DY * tiles DATE ! 24.6.86.
Solids 500. kg 60 %
Water 236 kg ‘ 4o %
Deflocculant kg [Dolapix pc 67 0,1 %
liter weight 1625 g/Ll Giessfix C 3o 0,25
Tiscasity 420 cP
Residue on %
Sozzle-uprigat : Ho%t air 350 ¢
Jumber PeCs. : 1 Waste air 8o °c
Nozzle Diameter : 1,9 mm | Tower 18 mm W.G.
Twisting worm '+ S 6/4 mm Main fan 180 mm W.G.
Fump 22 kp/cm2
Residual moisture contemt : 5% Farticle size distributior :
Bulk demnsity 955 g/1 =500 micron  ©sl %
Granulated material kg/h €00 - 400 micron- °,8 %
Water evaporation xg/h 400 - 375 micron 11,1 %
Consumption of gas m3/h 315 - 250 micron 00 %
Remarks 250 - 2C0 micron 26,3 %
200 - 160 miron 71 %
160 - 100 migcron 9,3 %%
1C0 - 5C micron  °'° %
< 50 micror  °'¢ %

Biatt

VEZ Laboratory /Pilotolant
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Semi_Industrial_Trial on the
Hydraulic Tile Press: HPP Annex. 2.

Red mud test

vy -

PRUSZCT/CUSICNER: Licencia, Budapest Crdsr no. :
Body ‘tile body DATE t 24-6-86.
Granulats moisture content:g p o, -uantity pressed : 500 kg
Frass die tiles Size ci press di
3iza o sEErs 4l Waight £

215x322 mm

T.=290 bar, D2,= bar

S% o)
. 8% . > - - .-
Tra-3pressing Zorce: F... =150 o F.., spez. = 0 e A
4 - o _ ) - -
277 pre-pressing fercs: .., = %3 Tgo sSpez. = L/mnT
1= d 9
main 2ressing {orce : .. =290 bafk; - 3D22. = R
T =765 t ;
Zizm2 szagusnce of dressircg
B a v ake ' . » Fremm i s .
:::“,-:T' :‘q'fl Iraneticn S ,-‘-..'(i- S+”: funcTtian =1
D 191 £iller forward 'z% 1 70| 2€nd pra2-pressing
jZall 16 ‘ . '
111 ifiller forward - re- 11| 11! aain pressing !
lverse 4o ' .
212 fillsr raverse during 12| 12| d=lay crosstead upwards
'sbaklﬁg S 132 16
2 13 iriller return tize | 13 1? crossn?ad upwargg '
-~ v - 3
5 i 4 §cros nead downwaris :% 1L QY?r—a;l CjCleﬁufni .
5|5 tadditidnal de-2iriuz ™. 121 15| iiler reIurs cnd rall
P ES -z21 Zillar wovemsencs
5|5 jdelay cozpacting Itz 0 3| over-ail '*Lff7”2Jif,~‘
717|735 pre-grescing 4| 14| over-all pressing Tize
2 |3 jd2lay da-2iring o] 12| over-all crcssn=zad mtva-
‘ N mant
& 9 da-ziri: /' /' strekes per Tinutz 136
Tiilar, umpber of zorirpas: 7
Filling naigas: “ickrsss o0 @i 8y .
0 TR 18 ' ’ G of tiles: 8,5 mm
Fr23n bending siTenziir 7,93 kg/em?

s 73

VEZ Test and Research Center
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Anniex 3. Modulus of rupture after drying

size in mm 216 x loo

modulus of rupture

Pmax. kg 4.4
Ls cm 15,0
b cm 216,0
a cm 0,88
RB kp/cm? 12,70

Pz fracture load

Ls= distance of edges

b = width of tile

a = thickness of tile ’
g 3.Emax_Ls

43
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3. Summary

- W wn - - - -

The tests carried out, have clearly shown that ceramic-
tiles can be produced in a rapid single-firing process
by means of using a ceramic body which contains red mud
as main component. Also the laboratory tests pointed out
that the properties of the produced tiles correspond to

the German standards.

The fact that the firing tests were carried out in semi
industrial scale test in a sledge kiln with a total length
of 16 m only it enables ut to point out, that the firing
in a rapid firing kiln is possible. On an industrial tile
production line using a roller hearth kiln the tiles can

be produced with a better quality due to the more favourable

firing conditions.

44
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2.6 * -
Technological description and specification of & brick

9L 200r110x55_1n,_to the feasibility study
Coantent

1. Intrcduction, basic data

"1.1I Annual gross production of the factory
1.2 lane and cdimensions of the product
1.% Tining of work

1.4 Cther initial data

1.5 ¥aixz phases of production technology

2. Production technology /technical description/
. 2.1 Recevtion and storage of red mud of the alumira factory
2.2 Reception of the fly-ash and storage thereof

2.3 Receipt and storaze of lime

2.4 Measuring and mixing of red mud, fly-ash and lime
2.5 Eydraulic pressing of the mixture

2.6 Hardening of the pressed bricks in autoclave

2.7 Storage and delivery of finished product
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3. TIa2chnical data

3.1 ?roduction data

3.2 Haterial demands /red aud, fly-ash and lime, water/
3.3 tmergy demand /fuel oil, electric energy/

3.4 Staff demand

3¢5 Storége capacity
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1, Introduction, basic data

Our offer was elatorated with due consideration of the
general settlement possibilities.

On the basis of our local survey we contemplated to get
the red mud from the mud pond ne2r to tlae a;umina factory,
it goes to tihe drying area by puaps of high preésure in
pipe-line where it is dried out by waste gases /favourably
. by flue -ase/, finally it is sieved and conveyed to the

- brick production. The fly ash and lime are delivered to

the factory by tank-vehicle, on public road.

The elaroration of technology process, and the selection
of machines. andi equipment was done on the bais of tie
availadle information on the raw-materials and tests were
carried out with tnese materials, ’
’ The following initial data were talken into consideration

regarding the production technolory.

1,1 Annual gross production of the factory

At the calculation of the annual gross production of
the factory we assumed to produce maximum quantity
of building material on the lowest investment costs
without giving any compromise in the quality of the

manufacturing equipment or in the technology process.




page 48

otdal
Seite

LICENCIA, Budapest

1,2 .amine of the p oduct and dimensions

The product produced has been yellow-reddisn solid

red mud brick in one size, -22o¥liexss - W

1,3 Jizming of work

umber of annual working days 300'-

uunber of workinz days per week 7

Nuabar of daily snifts . 2-3

zffective working hours 7,5 'hours per sinift
. working ir two shifts per day raw material cdelivery

“orking in three snifts per day measurinz, mixiez,

pressinsg, gardening in
autoclave, aancling of
the finisred product and

energy SuUpply

1.4 Csner inisial data

‘ - Ine settlament of the factory buildings can be zZade

by turning away tne axis A and B, if necessary. Thus,
accordins to the local conditions the optimal settlement
can be planned,

- The economic efficiency can be increased without any
1imitation because the mnet production of the factory

and the timing of work can be raised if we increase

the number of staff and if we apply additional equipment.

-~ 7ee planning of tne internal road neiwork of the factory
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makes it possible that the raw materiai delivery and
finished product delivery do not traver ‘intersect/’
each other, .
- The heating value of the available fuel, (pal:
5.200 kxcal/kg, i.e. 22 234-ki/kg

We agssumed that the 0il supply is secured at the fencé

of the plant, therefore, only interconnecting pipes,

0il reception station and the pipe-line inside the plant

are to ve built,

. - The trarsformer station is built inside the plant, it
cornects to the external network ty 2 pcs overrnead
line o 320 kV,.

- Water supply availaole at the fenc; of the factory

- Compressed air supply is secured by the planned air
compressors.

- -3eparate laboratory is not planned, Sirength tests of
the orown oud powcer, fly ash, and finished product'
can te made on the equipment placed in the wofkshop.

- Regarding the complementary secondary establisnments
we meet only the most necessary demands wit: tne
planning of washing and catering.'

- Regarding offices only the absolutely necessary
demands are nmet,

- Regular maintenance is planned only for hardening
carriages.

-~ [easuring and control equipment will be placed in the
worksnop, in the airconditioned small premises beside

the reactor.
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1,5 The main phagis ol the production technolozy

- The red mud and the fly ash is délivered on a S
conveyor 2-: to the plant and is storaged
under shelter against rainfall /practically in
spaded-finish silo bunkers/.
- The . lime 1is delivered to the plant on a tank car

in dry coxdition, storage: in cement silos., .
- i{easuring of the red mud, additives .in the appropriate
' ratio, the automatic moistening, the intensive rapid

mixing are carried out, the mixture then goes

tarougn a double-axe trouzn mixer to taze front loaded
hydraulic press. After the automatic loading to the
rardeninsg carriage the pressed tricks go tnrouzn

the waiting tunnel to the stean nszated autoclaves, tien

for cdelivary or to the open-air storacge area,
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2. Technical descriotion of production technology

On the basis of the initial data the production technology

consists of the main phasis as follows:

2.1 Receipt 0f red mud and storage thereof
2.2 Receipt and storage of fly ash
2.3 Receipt and storage of lime

. 2.4 Measuring of red mud and fly ash, .mizing
2.5 Pressing the mixzture into tricks

2.6 Storaze of finished products or delivery

fereinafter we outiine the technology process accoxrding

to the akove procuctior phases:

2.1 Receint 0f r=2 zud and storaze tihereof

The tippinz ear car full wii: red mud ' pours its
charge to one of the.bunkers of 18 m’ /10/ in tre
covered storage area,

From the covered bunker the g4 smud is picked
up by a handspike front elevator and is conveyed to the
fedding bunker, The steel-plate bunker sunk under, the
level has two outlets, discharge is ﬁade by an
electromagnetic vibration loading tray, each /11/.
Discharge is promoted by a plate vibrator fixed on the
side wall of the bunker,

The vidbration charger charges the mud to a rubber-textile
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3 - I3 > '
conveyor velt /12/, which deliveres it to *he scale

tank /1°/ staying on a steel construction.

2.2, Receipt and storace of “ly ash

The fly ash is delivered to the brick factory by
conveyor, The discrarge resp, the pouring into the cement
gsilo of 290 m3 is made by a pneumatic conveyor bLeing

on the car, The filling capacity of cenent silo is for

11 cays’ fly ash demand, From the biz cement silo the

fly ash is conveved pneumatically accordir~ *o =<he
derand in smaller cement silos of 2% m3 /13/ and from
nere by worm feeder /14/ to the cement scale /17/ tank

ir the mixins hall,

2,7, ieceipt and storace of lime

Tre lime ig delivered %o %ne nlant on tank in dry

condition,storace: ia cement silos,

2,/, lieag rin~ of red m:d, lv ash and lime, mixin~

Tie puffer 7ank ahove tre red mid geale in tre

mizirns rall is “ee’ed by a convevor “elt /12/, e

- neagurins is s*tarted hy a con*roller from :ine control
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point, The weight to be measured can be ad justed

on the control table, thus the filling.and discharge

of the scale is automatic. The measuring capacity of
the red mud scale /15/ has been 2000 kg.

The mud goes from the scale tank by gravity to
the intensive reversed current rapid mixer /18/ under
the scale, The fly ash, limeto thne cement measuring
tank /17/ of 0,4 m’ into the aixing hall by worm feecer.

The measuring capacity of the cement scale has been max.,

400 kg, after finishing the measuring the fly ash gzoes
oy zravity to the reversed current intensiv rapid
nixer /18/. The mixing process continues automatically
after starting the measuring if the conditions are
given:

- the mixer is operating

- the door of tiae mixer is closed

- neasuring of the mixture is finisied

. - the bunker uncer the mixer /15/ is not full.

Aftef the simultaneous measuring of fly asl lime and mud
powder dry mixing is made then after automatic water
addition /16/ homogenization is the following step.

liax, filling charge of the pre-mixer: 2000+400+2400 kg
Operating charge of the pre-mixer: 2000 kg

[lumber of mixing per hours: 12,5

Mixing capacity:. 12,5x2,0 = 25 t/n

Mixing cycle time is approx. 4,8 min.
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"After finishing the nixing the hormogenized mixture

goes to the mixiure bunker of 2 @’ uncer the mixer /18/,
then a cellular feeder /19/ feeds it to a conveyor delt
/30/, irom wnere it goes by gravity to the double axe
trough mixer /32/ of continuous work for the purpose

of second miiing. Here furthner water quantity will be
added‘/33/ for the adjustment of the most appropriate
water content necessary to the pressing. The quantity
of 1imé within the mixture can be altered in the

function of the reguired strengstha,

As a rule, the aixture coasists ol 40 w,p.c. but it can
reacn the 50 w.p.c,. as well in the bricks of high
strengta, neeping tae optinal quauntity of thne water
‘acded is very importaat sacause tnis significantly
influences the streasih of the product after pressing.
“ne excessive adding of water causes probleus wiin tne
fillirg of the press forms and in the course of tne

rardening in the autoclaves,

2,5 tydraulic pressinz of tne bricks

From the double axe trougn mixer the powder is delivered
by a conveyor belt /34/ to the feeding nopper /40/ of

the nydraulic press /40/ of 1 m> and of 500 tons pressing
force, and from here to the press dies, The level
indicator built in the feed hopper stops or startis
automatically the coaveyor telt and the trough nixer,

accorcing to tne filling level,

54
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The height size of the brick can be regulated by thne
bulk of filling volume.

The pressing procedure consists of 4 Basic steps:
- filling of the press form

- pressing

- dejection of the brick from the form

- loading of the pressed bricks to the hardening

carriage,

The specific pressure of tiue hydraulic press oz iie
surface of tne orick zas 3een 300 kp/cmz. Thne press
is only then workirz if there is mixture in the feed
nopper ané if the hardening carriage is ready for
loading at tiie loading machire velonging to the press.
70 achieve tne required production 4 pes hydraulic
presses are necessary /capacity cata of the presses

canr ve fouaé¢ in point 3.2/.

»

Lengtii of hardening carriage: 13¢0 mm
Lenzth of the autoclave: 22,5 @

uaber of nardening cars in one autoclave:le DPcCS

Tae filling diagram of the waiting tunnel and autoclaves

i3 snown on the £ig. enclosed,

Autoclave length: 22,5 m
rilling capacity: 16 Ppcs hardening car

Autoclave cycle time: 7 hours
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The pressed bricks are picked up froa the press tadle

by a pneumnatic catch and according to the pre-programmed
data it places the bricks to tiae rardening cars /44/ on the
two sides of the press accordinz to t:e cross-section

sizes of the autoclave /47/. Zuring the loading, the

movirng of the nardening car is made electronically on

the tracks, i.e., to tiae place of tre loaded carriage

the empty one automatically enters. The automatic loading
.~ of the hardeninz carriages can be preprogrammed accoimding

to the bdricks of two diZferent neight sices. The number

-,

of narcdenizng cars to te loaded: 6,79 pcs per uour,

T.e waste ceveloping at the press is conveyes throuch
tze collectinz hopper oy a chain link transporter /60/
ad a conveyor belt /31/ axnd zeis tack to tie double
ares trouz:h mixer,

Afier loadiing the hardeninsg carriage with the fresha

. pressed tricxs, tie pusier pusiies electirociecnanically

vie car izvo tne waiting tunnel, The iegnth of the

waiting tunnel is identical with that of the autoclave,
i.e. it corresponds to the length of j+ pcs hardening -
carriage /22 m/., Before the autoclave there is a waiting
tunnel. For the hardening we planned 1 pc autoclave, with
l6é hardening carriage per autoclave, ’he filling time

of the waiting tunnel has been /in full lengtn/ 2 h 30 min,
Consequently, in each siiftl,6 pcs waiting tunnel
equivalent nardening car cet into the autoclave

As one autclave and as per Zay 51,2pc3 nardening
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car-charse will be hardened. The moving of the carriages
inrsures the defectness of quality of the goods dues to

their vibration-proof and careful opération.

Note:

In the selection of the hydraulic presses the following

facts were taken into consideration:

- Amont the SS-type hydraulic presses there are a lot
in operation, well proved ecuipment,

‘ - The single -sidepressing means a machine of lower costs,
it is less complicatéd, conseguently its mainternance
is simple, its operation is easier due to its endurance.

--i{jaintenance cemand of the mechanical presses are nigher
tecause tiney nave more moving parts in where material
grantles. can get, The uechanical pfesses in ‘lestern=-
Zurope were repiaced by hydraulic ones as per offered
oy us,

. - Wilth the mecranical presses the conversion to the

production of drick of different siées requires long

lasting work with a specialized knowledge.

2.6 Bardenins of bricks in autoclaves

From the waiting tunnel 16 pcs hardening carriages
are pulled into the autoclave by wire winch /43/ in
one cycle, If the 16 pcs hardening carriages are
pulled into the autoclave, if it is closed on voth
ends and begins the filling up with saturated water

steam., The process of increasing, holding and decreasing
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[AN]

of the steaa pressure is carried on according to
a determined program, The hardenins time is 7 hours.
Luiring the hardenins tize cdevelopes tze specified

coapression sirengta of the obrick.

After finishinz tane hardening process the steam is
rassed tarouzgh another autoclave being under filling
up. The doors of tane autoclave are opened and éhe
wnole carriage-line in tre autoclave is conveyed to

tae sforase track Cesida $le crainad finished procucts,
zacn ausoclave zas a separate storage track, Tue tracks
/+&/ of %t:e nardeninj; carriazes are delivered to tae
plan< prefavricated wzarking trhe jointing elements.

Jte tracks of the slidirz platiora are to ve s=t in

and Jixed to the appropriate tTrack distance on the spot.

g - -~ g . 3 e~ - 3 -2 3 - MRS
ZZorate ara calivery oF tiie Tinisned product

Irom toe  autoclawve to the 2 storage tracks tize zoods
are taker out by a zrab /48/ o the motil portal crane
oi 14 @ span and are placed to the storage area or
are loaded to venicles, ibove eacn otner 4 crarzes

can te placed at tne most,

Tn.e crab way of the portal craze on tne discharze-side
of the hardening carriage has been 5,6 m on the loading-
3ide 4 o wit2 cantilever execution, Tne working lensth

of the crare nas teen 20 m,
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The empty hardening carriages go by a manual pushinug
plate /45/ to the hardening earriage cleaning equipment
/87/, here the platform of the carriage is cleaned,
then the cars througn the storage track and manual
pushing table go back to the rignt or left side of the

loading track.
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3, Technical data
3.1 Production data

3.1.1 Name of product: cold-tond red mud brick

3.1.2

3.1.5

3.1.4

Nominal capacity of the plant: 10,000,000 pcs brick
unit ¢ 13,000 15
Size of the product: 220x1lo0x55 om
Maximal breaking strength: ioo kp/cxn2

Operating time, operating program:

number of effective working hours:7,: hours per shifts
/theoretically 8 hours/

auzber of shifis: material delivery and storage:

2 snifts/day;

measuring, mixianz, pressing, nardening, finished

products treatment, energy supply: 3 saifts/day

nuaber oi working days per week: 6

3.1.5

auzcer oI wo;king days per year: 2CO

nuber of working weeks per year: 5C
Production data /with noaminal capacities/
size of brick:22g:liox3; mm ’

number of stroke of the press per héur: 380
brick pec per stroke: 6

brick pe per hour: 2230

volume of 1 pc brick /m3/: 133

12 per brick pec: 757

weight of brick per pe: 2 L.s
average volume weight kz/mo; L1700

press capacity m3/h: 2y
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material demand ton per hour per press: 4,4
brick pc per hardening carriage: 337
hardening carriage pc per hour per press: 3,7

In the above calculations we started from the volume
weight of the finished product of 1300 xg/m.
3.1.6 Yearly production data of the brick factory
In case of production of bricks of 220:1lox>5 WA
‘ the technical /nominal/ capacity:
10 COO 000 pcs/year

15 000 ms/year
20 200 to/year

Z,2 Haterial Zemand

The data relate to nominal production.

irnitial data of calculation

- dry red mud content 50 wpc
- fly-ash content: 1o W#PpC
- lime content: 1o wpe

3,2.1 Specific material demand per m’ brick

name unit of measure

red mud /irv/ lcg/m3 P2
fly-ash kg/m> e
lime kg/a’ Lo
water /at mixing/ l/m3 167,64
water /steam production/. :l./m3 342

water total l/m3 510
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3,2.2 Haterial demand for hour, shift, working day, year

naae unit of measure nour shift working day year
red nud powder to 2,2 17,5 33 lo 000
fly-ash to 1,77 13 24 3 000
lize . to 0,41 Dy0* Dy 3000
water m3 %, 3 4,0 80 24 ooo0

3.3 Fnergy demand

Tasiec Zata of calculatiozn:

reating value of tie coal 5,200 kcal/xs,

i.e. 22 232 xi/%g

z,3,1 Specific erercy cemand per ::13 srick ané per 10C0 pcs brick

3riek size in a@m:  220x1loxco

nauing unit of aeasure
-0al kz/a’ =0
%s/1CCO pcs A5
electric enercy k’.':'n/m3 15

k'1/1CC0O pcs 22,7
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3,2,2, Energy demand per hour, shift, working day, year

naming hour shift working day year
coal /kg/ 20,8 500 1500 450.000

electric energy
/kuwh/ lo,4 250 750 225,000

3.4, Required staff

. Labour /handling/ 6 persons
Autoclaves loading and unloading 4

Mashine operator and finished

product handling 10
Ironworker and electrician 2
Supervisor 1
Engineer 1
Manager 1

Total 25 persons
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3,7, .Technical description of a suggested
floor and wall tile manufacturing plant
with a capacity of 2 mill sq.m. tiles/y

on the data of iessrs., DORST



DORST-MASCHINEN

UND ANLAGENBAU
Datim i zum Bnef an Blatt
SURVEY OF INVESTMENT
FLOOR _TILE PROJECT
Product : glazed, single-fired floor tiles
Qutput capacity : 2.000.000 m2/year, saleable ware

Assortment, assumed : 50 % 2”0 x 200 mm
50 % 200 x 100 mm

Weight, assumed : approx. 20 kg/m? fired tiles,
thickness of tile 10 mm

Working deys : 300/year for mechanical equipment
360/year for the kilns

Working time : Prepa 3tion of body
and g. . - 2 shifts
spray < ying - 3 shifts
pressing section - 2 shifts
dryer - 2 shifts
glazing section and
decoration section - 2 shifts
kiln plant 3 shifts
sorting and packing 2 shifts

Working time of
one shift : 7.5 hours net

Glaze required,
dry : on average 1.2 - 1.3 kg/m?

Press body, dry,
required, net : approx. 160 t/day
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Datum X zum Briet an Blatt
Press body, dry,
required, gross : approx. 192 t/day
Raw materials : not yet known,
for the selection of the mechanical
equipment diverse assumptions have
been made for the time being.
Dimensions of the
building : length approx. 200 m
width approx. 80 m
area of base approx. 16.000 m?2
Current consumption : .
per sq.m. tiles : approx. 8 kWh - 10 %
per kg saleable .
ware : approx. 0.4 kWh - 10 %.
Consumption of
termic energy per .
sq.m tiles : approx. 35000 kecal - 10 %
per kg saleable
ware : approx. 1750 kecal * 10 %
Consumption of
water per ’
sq.m. tiles : approx. 301liters T 10 %
per kg saleable
ware : approx. 1.5 liters £ 10 %
Labor required : approx. 200 persons
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UND ANLAGENBAU
Datum . zum Bnet an Blatt
Description of the technology
We proceesd on the assumption that all hard raw materiais will
be supplied in pre-crushed state, grain fraction smallsr than

1 mm, and all mesdium-hard clays in pieces of smaller than 50 mm.

Thus, the grinding period for one charge of the body can be

assumed with 12 hours, thea grinding period for one charge of

the glaze can be a2ssumed with 30 hours. The grinding finsness

is to amount to 3 % residues on a sieve with a mesh width of

100 micron. The assumed water contents of the body and glaze
‘ slip amounts to 40 %.

The individual raw materials stored in boxes are filled in a
box feeder =quipped with a weighing device by means of a shovel
loader. After the body components have been weighed corres-
ponding to 1 mill charge they are transported to the body pre-
paration by means of a conveyor belt system.

The body components coming from the conveyor belt system are
ground in wet-grinding ball mills, together with water and suit-
able liquifying agents. By means of compressed air discharge
this slip is conveyed over box screens for coarse screening
into intermediate containers which have been equipped with screw
blungers.—In these intermediate containers the tile scrap in
green and dried state is stirred with water and mixed with the
ground slip. By means of diaphragm pumps, the slip is trans-
ferred to vibrating sieves, for fine sieving, which have been
equipped with magnet filters for the elimination of iron par-
‘ ticles. After sieving the slip is transfarred to storage con-
tainers equipped with slow stirrers.

Diaphrazm pumps pump the body slip to the spraying nozzles

of the spray drier plant. The slip is sprayesd into the spray
drying chamber and is dried to pressable granule. Tne granule
leaving the spray drier plant is transported to the storage
silos via a sisve and via a transport system consisting of
belts and a bucket elevator. The distribution of the granule
coming from the silos to the presses is also effectad by con-
veyor bslt system.

The press granule is pressed to tiles of differsnt sizes by
means of fully hydraulic tile presses. The pressed tiles are
subsequently cleaned by fettling machines., Theresafter they
are transported into rapid drisrs and dried to a residual
moisture of below 1 % whereby they also obtain the nacessary
mechanical strength and the temperature for the subsecuent
glazing and decorating process.
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Datum ) zum Bnetf an . Blatt

By means of a platform scale the individual glaze raw ma-
tarials are weighed to a glaze batch and this is transporteasd
to the ball mills. After grinding with water and additives
the glaze slip is pressed into intermediate containers equip-
ped with slowly stirrers, for quality check. The examined
glaze slip is discharged into a storage container equipped
with slow stirrer and magnetic rods for the removal of iron
particles. Subsequently the glaze slip is pumped into mobile
containers via vibrating siesves and via permanent magnets {or
the separation of iron particles. After stirring in the glaze
a glue-wvater mixture the containers with the {inal zlaze slip
are moved to the consumers at the glazing lines.

‘ The dried tiles are provided with different coloured glaze
and decoration effects automatically on the glazing lires.

In order to adapt the 2 shift tile production to the 3 shift
kiln operation including week-ends a storage of the glazed
and of the fired tiles is necessary in a storage and buffer
system,

The tiles are fired in a single-layer tile carpet in a rapid
firing roller kiln.

The ware coming from the storage plant for fired tiles is
transported to sorting units, and separated into the gquality
groups. Thereafter the tiles are transported to the packing
units.

In order to guarantee a constantly good quality of the product
‘ and for checking the production quality a works- and a test-
. laboratory nhave been proposad.




To

PROPOSED TECHNOLOGY

The various raw materials for the tile body composition, which
is composed mainly by red mud , a waste product which results
from BALCO  production , are processed by wet grinding
process so that a sprayable ceramic slip is obtained.

Details about this technology and about the necessary equipment
which according to your wishes you want to procure locally will
be informed by the know-how supplier M/S Keraprogress. We are
ready to assist and collaborate with the know-how supplier in
this context.

The obtained ceramic slip body will be pumped by high pressure
diaphragm pumps to the spraying nozzles of th=2 spray drier

plant. The slip is sprayed into the spray drying chamber and is
dried to pressable granule. The granule leaving the spray drier
plant is transported to the storage silos via sieve and via a -
transport system consisting of belts and a bucket elevator all
locally supplied. The distribution of the granule coming from

the silos to the presses is also effected by conveyor belt system
of local supply.

The press granule is pressed to tiles of different sizes by means
of fully hydraulic tile presses. The pressed tiles are subsequently
cleaned by fettling machines, and conveyed to the rapid dryers,
where the tiles are dried to a residual moisture content below

1 %. By this process the strength of the tiles is increased and

the tiles are heated up, which is necessary for the subsequent
glazing and decorating process.

By means of a platform scale the individual glaze raw materials
are weighed to a glaze batch, which is transported to the wet
grinding ball mills. After grinding with water and additives the
glaze slip is pumped into intermediate containers equipped with
slowly running stirrers, for quality check. The examined glaze
slip is discharge into a storage container equipped with slowly
running stirrer and magnetic rods for the removal of iron par-
ticles. Subsequently the glaze slip is pumped into mobile con-
tainers via vibrating sieves and via permanent magnets for the
separation of iron particles. After stirring the glaze a glue-
water mixture is added and the containers with the final glaze
slip are moved to the consumers at the glazing lines. As informed
all glaze slip preparation equipment will be of local supply.
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An engobe slurry is prepared by stirring china clay into water.
The engobe slip is then screened into containers and moved to
the engobing stations at the glazing lines.

* The predried tiles are provided with different coloured glaze
and decoration effects on the glazing lines automatically.

In order to allow an uninterrupted kiln operation a storage
and buffer system has been provided for.

The glazed tiles stored in containers are transferred to the rapid
firing roller kiln and fired in a single-layer tile carpet.
After firing the tiles are restored in containers.

The ware coming from the storage plant of fired tiles is trans-
ported to the sorting lines and separated into quality groups.
Thereafter the tiles are transported to the packing units.

In order to guarantee a constantly good quality of the product
and for checking the production quality a works- and a test-
laboratory have been proposed.
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Chapter Four

Financial and Economic Evaluation

4.1. Unglazed tiles

4.2.
4.3,

4.4.

4.5.

Glazed and decorated single fired floor and wall tiles
Glazed and decorated tiles for red mud based technology
Predesign estimate, annual capacity 2 mill sq.m.
walling brick /total investment cost/

Wwalling bricks /predesign product cost estimate/

4.5.1. Walling bricks /profitability/

4.5.2. Walling bricks /cash flow/
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The objective of the financial and econimic evaluation in the
present Study is to provide a predesign estimate about the
profitability of the possible utilization of the BALCO wastes
identified earlier., To this end estimates have been made and

are presented below of the total investment costs, of production
costs and of the profitability of the individual plant/product
alternatives descrived in the Plant Capacities Séction, and

their cash flow is predicted.

In the Total Investment Tatles land and yard improvement have
not been costed as BALCO is expected to provide these Iree of
charge, building costs are estimated using Indian analogues,
Squipment and kiln costs are based on price information
received from suppliers of industrial machines /..essrs.
K=RARIDART of Ylest=-Eerlin, Hesgrs. LORST of lest-Germany, aad
Messrs. XIRAprogress of Jungary, e.t.c./ and from other sources.
The procduction cost estimates are based on the relevant data
. of the Project Document and on unit cost information received
from officers of BALCO and other Indian sources. The wastes
have not been costed except for char which seems to have a
market value, The plant site location is assumed to be BALCO
yard KORBA or close to it. Depreciation is calculated in a

uni form manner to keep things uncomplicated at this stage.

Profability calculations have been made with selling price
alternatives to show the sensitivity of the rate of return

t0 changes in the selling price., Furtner investigations and




o 75
cldat
LICENCIA, Budapest Seite

considerations will be necessary to determine the most

probable selling price for the individual products.

The economics of the various product/plant alternatives
can be compared using the Trofitability Tables. The
calculations are based on the assumption, that a 12 7
interest loan would te available to the investor in 1l:1
ratio to his equity. It was not feli appropriate at this
' stage to consider the possible effect on the profitability

of Corporate tax nor that of any excise duties.

It kas not been the aia of tais Study to recommend a specific
alternasive for impleamentation as suca a decision will have
to be made by those involved in finamcing it. It is felt,
nowever, that each alternative has a money making potential
bvesides their common tenefit of consuaing otherwise useless

waste,
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4.1,
Unglazed tiles /predesign production cost estimate/

Product weight: 30 kg/sqm.
Product size: 200 x 200 x 15 mm

Rs., Rs,
A. Raw material

1. Red-mud - 2500 tons -

Rs. 600/t | 1,500,000
2. Lithomarge - 1500 tons -

Rs. 20/t, ex works Korba 30,000
3. Arcosa-sand - 1000 tons -

Rs. 20/t, ex works Korba 20,000

4, Subtotal 1,550,000
B, Utilities

5. Light fuel oil - 720 tons =

Rs., 3000/t 2,160,000
6. Power - 750,000 kWh -
Rs. 0,5/kwh 375,000
7. Water = 4500 cu.m, =
Rs. 1/cu.m. ‘ 4,500
8. Subtotal 2,539,500

C. Labour required - 20 persons -
9, Rs, 900 a month/pers. 216,000 216,000
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Rs. Rs,

D, Miscellaneous

10, Maintanance and repair

2 % of building cost 31,500
5 % of equipment cost 468,750
2 % of kiln cost 62,500

11. Insurance and other cost

1 % of total investment 192,025
12, Depreciation
. 3 % of building cost 47,250
5 % of kiln cost 156,250
7 % of equipment cost 652,250

13, Overhead /administrative and
selling/ 7 % of annual sales 1,050,000

14, Interest
12 % on 50 % of loan
/Rs. 10,000,000/ 1,200,000
‘ 15, Subtotal . . 3,864,525
16, T o t a 1 annual cost of operation 8,170,025
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. 4.1.2,
Unglazed Tiles /Profitability/
| Rs. Rs.

1. Gross annual revenue from sales

if 150,000 sqm., unglazed tiles

for industrial use Rs. 100/sqm. 15,000,000
2. Annual cost of operation

/see item 16 of 4.1,5./ 8,170,025
3, Annual gross profit 6,829,975

' 4. Rate of return of capital outlay

Jexcluding loan/  Rs, —1822:312 x 100 % = 68,3,
~ 10,000,000 ==ts

%

5. Pay back period 1,46 _years

Unglazed Tiles /cash flow at Rs. 100/sqm./

1. Gross profit /see item 3 of 4,1,2/ 6,829,975
‘ 2. Depreciation /see item 12 of '4.1.]3./ ’ 859,750
3, Annual repayment of loan principal
of Rs, 10,000,000 in 7 years 1,050,000
4. Net cash flow /1. 2. - 3./ in any one
production year 656392122
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4.1.3.
Unglazed Single Fired Floor and Wall Tiles for red-mud

technology for Industrial Use /Predesign estimate/

Annual capacity 150 000 sqm.

Rs. Rs.
A. Site, buildings, etc.
l. Land available by Messrs.
BALCO
' 2. Raw materials storage area
500 sqm. Rs. 150/sqm. 75,000
3. Plant building, complete with
lighting and utility connections
1000 sqm. Rs. 1500/sqm. 1,500,000
4o Subtotal 1,575,000
B. Machines and equipment
‘ 5. Plant machinery 9,375,000
6. Kiln 3,125,000
7. Subtotal 12,500,000
C. Other pre-production capital costs
8. Engineering 60,000
9. Ceramic know-how 600,000

.10. Technical assistance, supervision 60,000

-
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11.
12,

13,
14,

Contingency, 10 % of A&B

Working capital, 20 % of

annual sales /of Rs. 15,000,000/
Subtotal

T ot al Capital Requirement

Seite
Rs. Rs,
1,407,500
3,000,000
5,127,500
19,202,500
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.2.
Glazed and 3ecorated Single Fired Floor and Wall Tiles

/Predesign Production Cost Estimate/

Product weight: 20 kg/sqm.

Product size: 200 x 200 x 7,5 mm
200 x 300 x 7,5 mm

Rs. Rs.

A. Raw material

. 1. Red-mud - 22,000 tons -~
Rs. 937,5/t 20,625,000
2. Lithomarge -~ 13,200 tons -
Rs. 20/t 264,000
3. Arcosa-sand - 8,800 tons -
Rs. 20/t 176,000
4. Subtotal 21,065,000

B. Utilities

‘ 5. Glaze - 2750 tons -
Rs. 13,450/t 36,987,500
6. Heating fuel
Light fuel oil - 15 000 tons -
Rs. 3000/t 45,000,000
7. Power - 7,595,000 kWh -
Rs. 0,5/kWh 3,797,500
8. Water - 45,000 cu.m, -
Rs. 1l/cu.m. 45,000
9. Subtotal 85,830,000




LICENCIA, Budapest

page 82
oldal
Seite

C. Labour required - 200 persons -

10.

Rs. 900 a month/person

D. Miscellaneous

11.

‘ 12.

13.
14.
15.

16.
17.

Maintenance and repair
2 % of building cost

5 % of equipment cost

2 % of kiln cost
Insurancé and other cost
1 % of total investment
Depreciation

3 % of building cost

5 % of kiln cost

T % of equipment cost
Overhead /administrative and
7 % of annual sales
Interest

12 % on 50 % of loan
/Rs. 100,600,000/
Subtotal

T ot al annual cost of operation

Rs. Rs.

2,160,000 2,160,000

303,000
5,000,000
375,000
1,911,400
454,500
937,500

7,000,000

14,000,000

12,000,000

41,981,400

151,036,400
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,

Glaiégfthd decorated tiles /frofitability/
: Rs. Rs.
l. Gross annual revenue from sales
if 2,000,000 sqm. glazed and
decorated single fired floor and wall
tiles are sold at Rs. 100/sqm. /ex
works/ 200,000,000
2. Amnual cost of operation
. /see item 17/ 151,036,400
3. Annual gross profit 48,963,600

4. Rate of return of capital outlay

/excluding loan/ Rs. 48,963,600 x 100 % - 49 %
r_rﬁ“"—l"déb*s. 0,000, —

5. Pay back period 2 years

Clazed and decorated tiles /cash flow at Rs. 100/sqm./

. 1. Gross profit /see item 3 of 4,,2,1,/ ., 48,963,600
2. Depreciation /see item 13 of 4.2.D:/ 8,392,000
3., Annual repayment of loan principal

of Rs. IOQ,OO0,000 in 7 years 14,000,000
4. Net cash flow /l.+2.-3./ in any one

production year 43,355,600
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4. 30
Glazed and decoreted tiles for red-mud based technology-

/Predesign estimate/ Annual capacity 2,000,000 sgm

Single Fired Floor and Wall Glazed Tiles

Rs. Rs.
A. Site, buildings, etc.
l. Land available by lMessrs.
‘BALCO
. 2. Raw materials storage area
1000 sqm. Rs. 150/sqm. 150,000

3. Plant building, complete
with lighting and utility
connections

10,000 sqm. Rs. 1500/sqm. 15,000,000

15,150,000
B. Machines and equipment
5. Pleant machinery 100,000,000
6. Kiln 18,750,000
7. Subtotal . 118,750,000

C. Other pre-production capital costs

8. Engineering 850,000
9. Ceramic know-how 2,500,000
10. Technical assistance,

supervision 500,000
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11.

12.

13.

Total

Contingency, 10 < of item
A+B

Working capital, 20 % of
annual sales /of Rs.
200,000,000/
Subtotal

Capital Requirement

Rs. Rs.
13,390,000
40,000,000
57,240,000 57,240,000
191,140,000
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4.4,
Walling-bricks

/Total Investment Cost/

/Predesign Estimate/

Annual capacity: 10 million standard bricks for red-mud based
cold technology cold technology

Rs. Rs,
thousand
' A, Site, buildings, etc,
1. Land available by
Messrs, BALCO
2. Raw materials storage area 1000 sqm.
Rs. 150/sqm. 150
3, Plant building, complete with
lighting and utility connections
500 sqm. Rs. 1500/sqm, 150
‘ 4, Subtotal ’ 900,000
B, Machines and equipment
5. Plant machinery 4,000
6. Autoclaves 3,000

7. Subtotal * 7,000,000
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Rs. Rs.
thousand
C. Other pre-production capital costs
8. Engineering 100
9. Know=how 400
10, Contingency, 10 % of items A+B 790
11. Working capital, 20 % of annual
sales /of Rs. 4,500,000/ 900
12, Subtotal 2,190,000
13. To t al Capital Requi t N
. 3. T o t a1l Capital Requirement 10,090,000
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4. S.

Walling bricks [Predesigg Production Cost Estimate[

Product weight: 1,85 kg
Product size: 220 x 110 x 55 mn

Rs. Rs,
A. Raw materials
1. Red=mud - 10,000 tons dry solids -
. Rs, 10/t 100,000
2, Fly ash - 8,000 tons dry solids -
Rs. 10/t 80,000
3, Lime - dry C a0 - 2,000 tons -
Rs, 550/t 1,100,000
4. Subtotal 1,280,000
B, Utilities
5. Fuel = Coal 450 tons 5200 kcal/kg -
‘ Rs, 280/t " 128,250
6. Power - 225 000 kWh -
Rs. 0,5 kWh 112,500
7. Water - 24 000 cu.m, -
Rs, 1/cu.m. | 24,000
8, Subtotal 264,750
C. Labour and Supervision
9, Labour /handling/
6 persons - Rs, 500 a month/pers, 36,000

10. Autoclaves loading and unloading
4 persons - Rs, 600 a month/pers. 28,800
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Rs, Rs,
11, Machine operators & finished product
handling 10 persons - Rs. 800 a month/
pers. 96,000

12, Ironworker & electrician

Rs. 900 a month/ pers. 2 persons 21,600

13, Supervisor 1 person Rs, 1500 a month 18,000

14, Engineer 1 person Rs., 1600 a month 19,200

‘ 15. Manager 1 person Rs, 2000 a month 24,000
16, Subtotal 243,600

D, Miscellaneous

17, Maintanance and repair

2 % of building cost 18,000
5 % of equipment cost 200,000
* 2 % of autoclave cost 60,000
18. Insurance and other costs
‘ 1 % of total investment , 100,000

19, Depreciation

%3 % of building cost 27,000
5 % of autoclave cost 150,000
7 % of equipment cost 280,000

20, Overhead /administrative and selling/
7 % of annual sales 315,000
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Rs, Rs.
21, Interest
12 % on 50 % of loan /Rs. 5 million/ 300,000

22, Subtotal 1,450.000
23, T o t al annual cost of operation 3,238,350

S=Z=E=sSsSa=

-
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4.5.1.
Walling bricks /Profitability/

Rs, Rs,

1. Gross annual revenue from sales if 10 mill.

standard bricks are sold at Rs, 450/1000

bricks, ex works 4,500,000
2. Annual cost of operation

/see item 23 of D/ 3,238,350
‘ 3, Annual gross profit 1,261,650
4, Rate of return of capital outlay

Rs. 5,000,000  TooTT==F
5. Pay back period 3,96 _years
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4.5,2,
Walling-bricks /Cash flow at Rs. 450/1000 bricks/

4,

Gross profit /see item 3 of 4.5.1./ Rs. 1,261,650'

Depreciation /see item 19 of 4.,5.D./ Rs.
Annual repayment of loan principal

of Rs, 5,000,000 in 7 years:

Net cash flow /1.+2. -3./ in any one

production year

457,000

Rs, 700,000
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" Caapter Five

7iarket Survey of Selected Building waterials
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1. Introduction

1.1 Assignment
This report was prepared on the basis of the data of
Industrial Cevelopment Services /IDS/, New Delhi, India.

Phe aia of this report is to carry out a market survey
. o° the demand for and availability of following specific
szilcing materials, separately for tie couniry /India/

ags a wiaole.

A  Huilding bricks

zlazed tiles

L)

C roofing tiles

- iloor tiles
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The manufacturing activity in respect of these materials,

except glazed tiles, is in the hands of small scale units

spread throughout tie country. The statistics of the capacity’

and availability of ihese materials are taereiore not
published. Similarly, no agency ia the country undertakes

demand surveys of these producis.

Attempt was therefore made to collect the requisite
jaformation through personal discussions with goverzzens
officials. An elemeni of trespondent bias in this approacn
is uzavoidable, cross-chnecking of information through
discussions with a large number of concerned authorities

nas pelped in reducing the extent of error to the minizun,

1.% Suamary

Individual building materials rave teen dealt with in
separate sections of this report. Tae zain findings of

tre report are summarised in the next Table,




LICENCIA Budapest

Seite

Table 1.1

Supply Teficit in Specific Building Materials o
During 1985-86 to 1990-91

All India Figures

Item Units 85-86 86-87 87-88 88-89 89-90 90-91
Bricks gill. 25,000 27,0C0 28,CCC 29,0CC 32,000 35,000
os.

Glazed Thou- 32.5 51.1 73.9 102.6 138,0 1381.6
Tiles sand

Tornes
Tiles Yos,
Ploor Thou- 7.5 23.3 25.5 33.5 €3.8 91.0
Tiles sang

Tonnes

1.4 Status of Clazes

The type of glaze normally used in the ceramics industry

is an admixture of silica sand, frits, pigments, feldspar,

cfay and other chemicals. The proportions vary according

to the design of the glaze. The raw materials are mixed

in appropriate proportions and are transported to a ball

mill where wet mixing and grinding of the glazed material

takes place.,-
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The general practice iu Tndia is that the large sized
units use their own facilities to buy out the frits

and taen manufacture glazes for their captive consuxption,
Only such units, who cannot afford the facility of
manufacturing glazes themselves, have to depend on

out=side sources,

There is ozly one independent source of supply nrnamely
Megsrs. Ferro Coatings & Colour, Calcutta, who have

. a technical collacoration with Ferro Corporation of U3A,
The capaéity of the plant is 4,CCO tonnes and produétion
nag rexaind around 2,00C tonnes per year for the last

few years.,

The price of frits ranges between Rs,4,0C0 to Rs.4,500
per tonnes, Prices of colours have not been indicated as
taese vary widely.

1.5 Piring Capsules

No information could be obtained on this item.

It i3 possible that this item is referred to under a
different nomanclature in India as officials of the

Indian 3tandards Institution /I3SI/ were also unaware

of it,
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2, Euilding sricks

2.1 Introduction

In India the bricks industry is primarily in the
Small Scale Sector. The hand-moulding process is
almost universally followed, Ti:xis has seriously
inpeded its capacity to meet the requirements of
the consiruction industry. loreover, the bricks
made by this process are of poor quality. This

kas }ately encouraged the setting up of mechanised
orick plants but tneir iantroduction too has not
teen altogether successful. For this reason, tae
construction activity in the country continues

to suffer from an evergrowing shortages in the supply .

of bricks.

2.2 Cemand

According to the fizdings of a survey carried out

by the National Building Organization /iiZ0/ in 1980,
the requirements of bricks for construction activities
in 1978«79 was estimated to be 37,500 million., Since
then no agency in the country has updated these

estinates., Our discussions with officials of M0 and
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“the All Tndia Irick and Tile Tederation reveal that in

1982-83 these requirements were of-i.e order of nearly

€0,C00 million®.

Official estimates of requirements during the next decade

are not available, “hile NP0 is reluctant to hazard any

nofficial guess", an exercise was carried out with the

All India Brick and Tile Federztion and cross-checked witn

a few building orzanizations located in Zelhi. Five main

sezaents of construction incustry were evaluated, viz.-

Commercial - modern trend veing in favour of
multi-storey ovuildinss particularly in large

towms;

Institutional - larze exprnasis veing placed

on ecducation and nospital tuildings; '
Governgental - the need to build more and more
government buildings to cope with expension

progranmes of governmental activities;

Housing = this area having attracted the naxizum
attention of government’s welfare programmes to
provide houses particularly to middle class

and weaker sections of society; and

1'l‘hese estimates relate to comextic requirements, export
derand teing regligible on account of exnorbitant
transportation costs,
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e Manufacturing - factory buildings to cope wita

increasing developumental activities,

Tris excercise reveals that dexand for building bricks
is expected to increase to tae level of nearly 120,CC0

million in 1920-91 as takulated telow:

Table 2.1

Zsticated Demand for Buildinz Bricks During 1985-86 to

‘ 1990-91
/t5illion Numters/
Year All-India
1385-85 - 78,000
1386-27 85,C00
1387-33 92,0CC
¢ 1588-83 106,006
1989-20 110,000
1990-51 120,CCO

2,3 Availability
All-India

Official estizates of the supply of tricks are not

available. The 1iz0’s latest statisztics are out-dated
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and tear no relationship wita their earlier estimates,
The main reason for this lacurae is tecause of tine
fact that the brick-making industry is in the szall
scale and sometimes even in the cottage sectors.

Capacity and production data are not regularly reported

by these sectors to any agerncy in the country.

Projections of future avai’ability of building oricks
in the country, as summarised in the following table,

. indicate that the plz of these dricks is expected_
to increase from t  present level of about 40,CC0

million to nearly CO0 in 1930-91.

Table 2.2

Bstimated Total Availaviliiy of Suildia~ Sricks Zuriarc

1985-86 to 1590-91

. ’ /¥ilTion umters/
All-India
Year Mechanized Zand Total
Plants -¥oulded
1985-86 40 53,000 53,040
1987-88 45 64,000 64,045
1988=89 45 71,000 71,045
1389-90 50 78,000 78,050
199C=-31 o 85,CCC 35,050

Source: raged on Table 2,5
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The brick-makinz industry comprises of two sectors:

State-owned mechanized brick plants and private sector

hand-made brick kilns.
1 Mechanized Brick Plants

There are presently, nine mechanized brick plants,
most of them having been set-up in the country by
State Governments. /hile the installed capacity of

‘ taese plants is nearly 175 zillioa bricks per annua,
their -ma.xiauxn production so far has been 70 million;
even at present, four of these plants are lying closed,
~nere are two reasons which have contributed to the
poor capacity utilization of these plants: lack of
cuick commercial decision making due %o beaurocratic
administrative set-up, and relatively nizh cost of
procuction tzereby ma.kin’g these bricks uncoupetitive

‘ with those made by the non-mechanized, privately owned
kilns., The sational Buildings Construction Corporation
JNBCC/ plant at Celai has been sold to a private party.
Even the bricks procuced at these plants have been
sold mainly to government departments because private

parties are unwilling to pay higher prices.
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Table 2.3
zstinated Capacity and Production of Mecranized 3rick Plants

[iiillion ilumbers/

Uhit Installed
Capacity 1978 1979 1930 1981 1982

JI3CC Mechanized
Lrick, Plant, Telhi 40,00 14,0 15.C 16,0 - -
Mechanized Srick 33,00 1C¢.0 10.0 21.0 - -
rlant, Calcutta '
fiousing Board Zrick 19.95 10,0 10.0 12.0 13,0 13.0

. Unit’ :‘iadras
Tamil liadu Ceraxnics 19,30 8.0 3.C 8.0 10,0 12.0
Limited, lladras
K3 Zasizaria Cera- 15,C0 6,0 7.5 7.0 7.0 8.0
nics Zvt, Ltd.,
.adras
Fousiaz Zoard 15,25 2.C 4,0 - - -
=rick Tziw,
s.adras )
tlechanized Zrick " 10.20 1.3 2.0 2.1 2.1 l.2
2lant, Faoata Zanib, .
/==

. Hecrhanised cr-ick 10,00 0.5 1.0 1.0 - -
rlant, Assam ’
tecranized Zrick 10.00 1,0 1.3 1.5 1.5 2.0

flant, Zrinager

Total 174,00 = 53.4 58,8 68,6 23.6 36.6




page
otdat

I._ICENCIA. Budapest Seite lo7

Unless the present administrati7e set-up of these plants
is cnanged it is less than likely tkat their perfo:mance
will improve in the near future. Future production from
these plants has therefore bveen estimated to be no more

than 60 million bricks per annum till 1990-31.

2 Hand-made Brick Kilns

‘ ze hand-made ouilding bricks industry is in the un-
organized_sector and very little data is available
about this industry. Tne information given in this report
is tased on discussions with the All India Brick an& Tile

Federation ard the Hatioral Zuilding Orcanization.

Production of building'bricks out oi red clay is centred
around hig cities and district headguarters and is
seasoral in character. alcost 39 percent of the bricks

. produced in tze country are in the hands of small 3cale
operators, who employ little or no machinzery ~nd the entire
process of marufacture is done by manual lavour, It has
been estizated that about 40,0C0 million bricks are produced
in the country by about 15,7CO kilns spread all over the
country, During the past five years, productién of these
units has increased from 22,0C0 million in 1978-=79 to
40,0C0 million in 1982, i.e, by about 16 percent per annum,
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Table 2.4

sgtimated Production of Zand-iioulded Bricks Durinc 1981-83

Lumber Zstimated production
Region . of kilns /iillion Numbers/
1982-83 1981-82 1982-83
Zunjab, Haryana,
Chandizarth, %P 3,000 9,3C0 10,800
and Jak .
UP, Telhi and 6,0C0 16,300 19,00
Rajasthan
West Bengal,
‘ Bihar and 2,0C0 3,400 4,000
Zortn-zastern _
States
Tamil Yadu 5C0 8C0 1,000
Orissa 200 35C 400
Zarnataka,
iierala 4C0O 7060 8C0
Cujarat and -
siaharashira 2,5C0 2,130 2,560
Andnra Pradesa 406 700 8C0
‘ Others 7C0o 62C 7C0
Total 15,700 4,300
Zotal 24,200 40,0C0
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The major brick producing states in the country aré
Uttar Pradesh, Punjab, Haryana aad Delhi, where the
required raw materials for producing good quality bricks
at economical cost are easily available., An average unit
of production in these states is capable of producing
about 5> million bricks per annum, eaploying about
latourers, with an investment of Rs, 200 to Zs, ZCO

thousand.

‘ Zhe agencies cited above, are oi tfxe opinion that these
kilns are capéble of increasing trheir production to tre
extent of 85,000 million provided supply of essential
raw naterials, particularly coal, is easured., Zstimates

o availability over tine next few years are given telow:

Istimazed Availability of Zand-iade Sricks Durinz 1335-8€

/Million iumbers/

Year Estimated Production
All-India
1985-86 53,CCO
1386-87 58,CCO
1387-88 64,0C0O
1983-938 71,000
13389-30 78,0C0
19¢0-71 85,GCC

. ]
Source: zased on Discussions with All-India Srick And Tiles
Tederation )
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2.4 Market “otential

A zap tetween demand and availability for builéing
bpricks in India has been in existence for the past
several years. This has contributed to a continued
increase in prices of bricks and has sometimes even
resulted in a slowing down of construction activity.
7nis shortage is due mainly to the inadequate availability

‘ of coal for the bricks industry and unsatisfactory

prosress of tae mechanised urick plants, As saown

in tae following table, the gap between demand and

supply is expected to increase from the colossal figure

o7 25,600 aillion bricks in 138-86 to 32,000 nillions

in 139C-31.

Demand-3upply Gap in Zuildinz Bricks Juriag

Tstinated

1385-85 to 1990-31

All-india
Year Pemand Supply Gap
1985-86 78,000 53,000 24,960
1986-87 85,000 58,040 26,960
1987-88 32,0C0 64,045 27,955
1988-89 100,000 71,045 28,955
1983-50 110,000 . 78,050 31,950

1990-31 12¢,CCO 85,080 34,940
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2,5 Prices

The prices of bricks have teen on the increase, -uring

the past five years the prices of both aechanised and

manual bricks nave gone up by atout 50 percent. The

following table illusirates periodic charnges in these

prices in Delhi. It will te observed trat the prices

of mechanised bricks are substantially higker tkan those

of manually made bricks cue to anigher labour cost of

both skilled and usnkilled workers and higher coal

prices. Ihough prices vary from state to state, depending

on local costs of labour a=¢ raw naterials, the difference

is not very large.

Tatle 2.7.

viarket Prices of iiechanised and iiarnual Bricxs in Delhi

/23, ver Thousand Zricks/

Mechanized Bricks

ffective Lates

Special {uality
BA" Cualivy

"3 Guality

ranual Sricks

"A" Quality
"o ‘uality

wer  uality

1 Jan 1 Har 1 Aug 1 Fedb
1278 1373 1979 1280
245 280 350 370
200 230 250 320
145 145 180 210
29 May 4 Aug 5 van 12 ay
1973 1280 1981 1982
168 136 2C0 240
157 174 136 220
135 150 184 204

30urce: . ZCC iecnanized Zrick Plan%, <elhi
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5. Glazed Tiles

5.1 Introduction

Glazed tiles are gaining importance in the building
industry. In addition to their aesthetic appearance

in bath-rooms, this majerial is zradually finding
application in offices, hotels, restaurants, laboratories
and apartment buildings. In some cases, these tiles are
rapiily replacing martle mosaic tiles /terrazzo tiles/
tecause they provide a cleaner, brignter and more
pleasing surface at about the same cost including final

iastallation,

.2 Jemand

3,2.1 2o0tal Cemand

‘ ’

Demand for glazed tiles comprises both domestic

requirements and exports to overseas markets,

As shown in following table, these requirements

are expected to increase from the present levei

of nearly 52,000 tonnes in 1580-81 to 126,500 tonnes
in 1985-86 and approximately 315,000 tonnes in
1390-91.
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Table 3.1
Tstioated Total Demand for Glazed Tiles
Year Domestic Exports Total

Demand

1980-81 4803 3.6 51.9
1984-85 98,0 7.5 105.5
198c-87 141.1 10.7 151.8
1387-38 169.3 12.9 182.2
1990-91 292.6 22,0 314.6

Source: Based on Tables 3.2 and 3.4

3,2,2 Domestic Pemand

All-India

Ceramic glazed tiles manufactured in India are

exclusively used for wall surface -~ mainly in

vatnrooms and certain specialized applications

as, e.g., in chemical laboratories and clean

roomns., So far noné of the Indian units has commercially
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produced or marketed unglazed tiles for use as

flooring material,

The past two decades /1361-81/ have witnessed
spectacular growth in the demand for these tiles
- nearly 13.4 per cent p.a. /Annex B/. Luring the

past six years /1975-76 to 1981-82/ domestic demand

in India has gone up 14.5 percent p.a, viz, from
24,000 tonnes in 1975-76 to 54,000 tonnes in
1981-82.

Keeping in view the pace of construction activity
in the couniry and charges in people’s tastes in
favour o< more ard aore utility materials, the
Planning Comaission rave assessed tas demand Jor
glazed tiles at 38,C00 tonnes per anaua by 1984~
85, including 22 percent anaual growth during tae
1981-84 periad. Our discussions with leading
manufacturing units and building organisations
indicate that demand during the next 5-6 years is
like}y to grow at 20 percent per anaum, These
agsumptions have been quantified in the following
table, It will be noted that domestic demand for

glazed tiles is likely to increase from the present

/1981-82/ level of 54,000 tonnes to 118,000 tonnes
in 1985-86 and nearly 290,000 tonnes in 1990-91.
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Tadble 3.2

cgtimated Comestic Demand for Glazed Tiles

Year zstimated PDemand
/Thousand Tonnes/

1379-80 42.6
1980-81 48.3

‘ 1981-82 54.0
1982-83 65.9
1933-84 80. 4
1584-85 98.0
1535-86 117.6
1336-87 141.1
1937-88 169.3
1983-83 203.2

‘ 1989-90 243.8
1390-91 292,6

Source: Based on Annex B
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A3 shown in Annexure C the regular overseas

markets for Indian glazed tiles include 5angladesh,

Bahrein, Kuwait, Kenya, Nepal, Malaysia, Seychelles,

Oman, Oatar, South Yemen, Saudi Arabia, UAZ, and of

late, even US3R. These together account for 60 to 65

percent of Iadia’s total exports,

Construction activity ia India’s principal . rerseas

markets is at its zenith. Zo is the case with their

demand for Indian glazed tiles, Our discussions with.

major exporters and the Chemical and Allied Products

Zxport Promotion Council /CHIMPEXIL/ reveal that

Indian exports of tiles are expected to grow 20

percent per annum during the next decade, accordingly,

vased on current prices, these exports are estimated

at 22,0C0 tonnes in 1390-91.

Table 3.4

Tiles

w

Proiections of Indian =xports of Glazed

/Thousand Tonnes/

Year Estimated Year Estimated
Exports Exports
1581-82 4,30 1580=-81 1C, 70
1982-83 5,20 1987-88 12,90
1983-84 6.20 1988-89 15.40
1984-85 7.50 1989-90 18,50
1985-86 8,90 1950-91 22,00
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3.2.3 =xports

Glazed tiles from India are exported to nearly'

40 countries. During the past & years these exporis
have been fluctuating. For instance, during the
first three years /1979-80 to 1981-82/ exports
quadrupled; in the following two yeafs exports
declined but in 1984-85 exports picked up once
azain. Over the past six years, the average anzual

‘ growth has been of the order of 25 percent. Amaul

export performance is tabulated below:

Tadble 3.3
Indiar Zxporis of Glazed Piles Durinz 1972-30 to 1984-8
/Tonnes/
fear Exports
‘ 1979-80 - 661 ’
1980-81 11,327
1981-82 27,732
1982-83 5,421
1983=34 1,623
1984-85 3,591

Source: Based on Annexure C
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3.3 Availability
3.3.1 Sturcture of Glazed Tile Industry

All-India

There are five units in the organised sector engaged
in the manufacture of glazed tiles in .the country.
In add_ition, there are nearly 50 units in the small
scale sector spread throughout the country and
producing sub-standard tiles, Their names and the

share of tne market are ziven below:

“‘age share
Name of Unit of market
1. H&R Johnson /india/ DLid., 60
Zomtay
2, Dombay Potteries X Tiles Lid., 8
Somtay
z, Zastern Ceramics Lt<., 7 e
. Homtay
4. Parshuram Pottery orks Co. Ltd., ’ T %
wankaner /Gujarat/
5. Somany Pilkington’s Lid., 5 %
Rohtak /Haryana/
6. Small Scale Sector Units 13

Total : 100 s
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It will be noted that the industry is localized
in the states of Maharasatra, Haryana and Gujarat,
One more uanit in Rajasthan is likely to ccme on
stream with an installed capacity of about 12,0C0
tonnes per annum, Moreover, as stated below, four
units are also likely to te set up in the state
of Andhra Pradesh. |

‘ It is significant to note that tae nanufacture of
slazed tiles upto size 10 co x 1C cn is now reserved

cor exclusive development in tae small scale sector.

.3.,2 Capacity and Froduction
All-India

4
7

The installed capacity of the existing five units

in the organized sector has gone up froa 45,C00

‘ tonnes in 1972 to 59,500 tomnes in 1981, Similarly,
production of tiles by these units pas increased from
25,000 tonnes to 56,980 tonnes during the same period.
Thus, while during the past nine years capacity went
up by 3.2 percent per annum, 'production registered a
sharp increase of 12 percent per annum, Likewise,
capacity utilisation has gone up from 55 to 95 percent
during the period. Annual trends in capacity aad
production are ta.’;mlated in Annexure 3.
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.

An additional capacity of 119,7C0 tonnes has been
approved by the government under various letters

of intent/industrial licences, Cut of this, a capacity
of 32,000 tonnes is expected to materialize in 13984~
85, and additional 48,000 tomnes by 19%0-91. This,

in 1990-91 the installed capacity of the orgaaized
sector will be raised to 140,000 tonnes, Assuming
capacity utilization of 95 percent, productioa of
glazed tiles is expected to be of the order of neariy
133,000 tonzes in 1990-31. Annual projections of
capacity and production are given in the following

table:

Table 3.5
=3tizated Capacity and Procduction 02 Glazed Tiles Suriag
1931 to 1990

/?aousand Tonnes/

Estimated Estimated Istimated Estimated

Year Capacity Production Year Capacity Production

1981-82 59.90 56,98 1286-87 106.00 100.70
1982-83 69.00 65.00 1987-88 114.00 108.30
1983-84 80.00 76.0Q 1988-89 122,00 116.00
1984-85 92,00 87.40 1989-90 170.00 123.50

1985-86 99.00 94.05 1990-91 140,00 133.00
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3.4 ¥arket Potential

The gap between estimated demand and supply of glazed
tiles represents the market potential for now entrants.
As shown in the following table, this gap works out to
around 18,0C0 tornes in 1384-85 which is expectad to
reach the staggering level of approximately 180,000
tonnes in 1990-91 unless additional capacities are set

' up during the intervening perioc to bridge tais gap.

Table 3.6
zstimated Demand-Sugnlz Cav in Glazed Tiles.

All-India
Year Tenand Supply Gap
‘ 1584-85 105.5 87.4 T - 18,1
1986-87 151.8 100,7 - 51.1
1388~89 218.6 115.0 - 102,56
1989-90 261.5 123.5 - 138,0

Source: Sased on Tables 3,1 and 3.5 ané sub-section 3,3.2
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3.5 2rices

The prices ol ceramic glazed tiles depend on the size,

quality and colour of these tiles. During the past five
years the prices of glazed tiles have gone up by about

¢0 percent.
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4., Roofing Tiles
4.1 Introduction

Mangalore pattern clay roofing tiles were first
developed in ansalore in 1865 by German [issionaries.
These tiles are of the interlocking type and are most
popular in the coas*al states, mainly amongst the

‘ poorer people to build houses and sheds. An essential
feature of these tiles is that the overlap of tae
upper row exactly fits the grooves of the lower row.
Yoreover, for locations subject to heavy rains,
orovision is made for wiring tie tiles to the batitens
to secure them azainst any neavy gale or storz, The
weight of 1CO sg. ft. of roofing tiles is approximately
700 1bs, /or 317.5 kg/.

. These tiles are considerably cheaper than corrugated
iron sheets or patent roofing, Besides being more
durable, they are more easily laid. When properly
‘fitted, they make a perfectly wind and water-tight
roof, They are practically indestructible by climatic
influences and their thermal insulating properties

far surpass those of other material in a similar

price range, Other advantages of these tiles include:
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- resistance to heat,
- high breaking strength, and

- perfect fit and elegant appearance,

4,2 Types of Roofing Tiles

These tiles are produced in a variety of foras to suit

different requirements and pockets, Trhese types are:

. a Port roofings
b Truss roofings
¢ Rasel mission roofings
d Taylor tiles

Ridge viles
Taylor ridges
Ceiling tiles
flooring tiles

Terracé slabs

e K B M 0

Hourdis

Tetails of the above types of tils are given in

Annexure D,
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4.3 Demand
4.3.1 Total Demand

The demand for Mangalore pattern roofing tiles is
expected to increase from tae present level of nearly
1,900 million numbers in 1980-81 to 2,500 million in
1985-86 and 4,010 million in 1990-91.

Table 4.1

Tstizated Total rea

and for =oofin

/Million lNumbers/

Year ggg:gzic Zxports Total
1984-35 2,260.0 3.C 2,2€38.C
1985-36 2,450.0 8.3 2,498.32
13985-87 2,740.0 8.5 2,748.°5
1987-88 3,010.0 | 8.7 3,018.7
1988-89 3,310.0 3.0 3,313.0
1989-90 3,640,0 9.5 3,649.5
1990-91 4,000,0 10.5 4,010.5
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4,3.2 Domestic Demand
All-India

Demand estimates of rooriing tiles are not documented,
Popularity of thes tiles, particularly in rural areas,
is growing every year. At present the consumption of
these tiles is confined mainly to the» state of Kerala
whereas small quantities are also being used in

. Karnataka and Andhra Pradesa. It is estimated that
future demand for these tiles will grow at 10 percent per
annum as against 28.5 percent annual growth. Accordingly,
demand for these tiles is expected to reach the level

of 4,000 million in 1990-91.

Tatle 4,2

Fstirated Tomestic Temand for “oofinz Tiles Durinz 1333 to 1930

’ : /I'Ii’llion Mumbers/
Zstimated Zstimated
Tear Demand Year Cemand
1983-84 2,060 "1987-88 3,010
1984-85 2,260 1988-83 3,310
1985-86 2,490 1939-90 3,640

1986-87 2,740 1990-91 4,000
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4.3.3 Zxports

Roofing tiles are exported to surrounding countries
of South -ast Asia and liiddle zast, Export data for
the past six years is tabulated in Annexure P §
will be no<ed trzat in view of the mounting
transportation costs and exports of these tiles
have not exceeded 8 million ir numbers, lioreover,
since the use of these tiles in surrounding countries
‘ is preferred by the people of Indian origin only,
expor:s in futurs are uxlikely to increase substantially.
Nearly 90 percent of these tiles are exported %o
Kuwait and Sri Larcka where Izndians froa Soutrern
coastal states nave seitled. liot more than 10 aillion
numbers of tinese tiles are expected to be exported

in any year during the nsxt decade.

‘ 4.4 Availability ]
All-India '

Facilities for the manufacture of these tiles are
concentrated in the State of Kerala which alone nas.
about 500 factories in the organized sector manufacturing
these tiles most of whom conform to ISI Standards.

These are in addition to a large numter of small scale
units which dring out sub-standard roofing tiles. The
state of Karnataka has a limited number of factories.

In Andhra Pradesh, the units are zostly in the szall
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scale sector. Following are the reasons for the

concentration of these factories in Kerala State:

- availability of suitable clay, plastic and lean
clay;

- easy availability of firewood and iuel;
- river facilities; and

- availability of local artisans who enjoy inherited
skill

“roduction o7 these %iles durinz the past four years
-ag alaost doudled, In 1382 total production was ol tie
order of 1,871 million as against 885 million numbers

in 1980, regisiering 28,5 percent annual growta.

Tpe westernm India Tile arufacturers’ issociaticn is

of the view that existing maanufacturinz units are
equipped witsx tie necessary facilities to turn out

. nearly 2,500 million nuaters of these’tiles, "hus,
uiless new large scale urits make their entry, future
production of these tiles in 1950 may be assumed to
centre around 2,500 million numbers, Aainual availability

in the next decade is shown in Table 4.4,
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Table 4,3
Production of Roofirz Tiles Durine 1380 -to 1983

/Million Wumbers/

State 1580 1981 1983 1983

Kerala 825 1,150 1,400 1,750
- Organized sector 600 850 1,000 1,250
- Unorganized sector 225 300 400 5CO
rarnataka 20 55 - 67 35
- Crzanized sector 30 40 50 65
- Unorganized sector 1C 15 17 20
indhra Pradest 20 25 30 26
- Orzanized sector - - - -
e

- Znorzanized sector 20 25 - 30

' Total - 885 1,230 1,497 1,371
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Tacle 1.4

FTstinmated Availability of Roofinz Tiles Turins 1983 to 1390

/iiillion Mumbers/

Estimated - Estimated
Year Production Tear Production
-1983-84 1,940 1987-88 2,230
' 1984-85 2,000 1288-389 2,300
1985-86 2,080 1539-30 2,4C0
1586-37 2,150 1990-31 2,500

i, % Market Potenzial

The gap in demand over estizated availability of roofing

. tiles in the country is expected to grow from nearly
420 million numbers in 1385-36 to 1,5C0 million in
1950-91.
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Table 4.5
sstimated Pemand-Supply Gap in Roofirm Tiles
All-India .
/wiillion lumbers/
Year " Demand Supply Gap
1984-85 2,268 2,000 - 259
. 1985-86 2,498 2,08 - = 418
1986-87 2,748 2,15C - 598
1987-88 3,019 2,2%C - 733
1588-89 3,319 2,300 - 1,019
1983-90 3,649 2,4C0 - 1,249
1390-31 4,010 - 2,5GC0 - 1,510
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S. Floor Tiles’

5.1 Introduction

Floor tiles are used in almost every building,
particularly in urban areas, There are taree nain

categories of these tiles:

' a National Stone Tiles: These include

- Cuddapan 3labs
- Tandur Slabs
- Lime 3tone

- Marble and Xartle 3Silt Iype

b Cenent-based Tiles: These inciude

- Zast in 3itu
- Yosaic Tiles

- Gray Tiles

¢ Ceramic tiles waich are made with ordinary
clay presently in vogue in Kerala and Tamil

Nadu.

This section deals witnh the second category, viz.,

cenent-based tiles used as floor and wall tiles,
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5.2 "emand

5.2.1 Total Demand

Total demand for cement /floor/ tiles is expected to
increase to the level of 230,0CO tonnes in 198586
and 450,000 tonnes in 1990-91,

Table 5.1

Zstizated Total remand for Cement /Floor/ Tiles During

1984-85 to 15SC-91

/Tnousand Tonnes/

All-Iadia

Year ggg:rslgic Zxports Total

1984-85 210 2,2 212,2

. 1985-86 230 2.2 232,2
1986-87 270 2.5 270.5

1988-89 340 2.7 342,.7

1989-30 390 2.8 332,8

129C-91 450 3.0 453.0
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5.2.2

Domestic remand

All-Tndia

On an average cement tiles comprise nearly 25 percent
of the total plintn area, mostly in urban areas,

60 percent of the plinth area is ccvered by stone
tiles, 10 percent by PVC tiles and the remaining

5 percent by other types of tiles.

0fficial statistics of the dezand for floor tiles or
the pliath area are not published in tae country.
Eowever, our discussions with the All India Tile
Manufacturers3 Association, 2ombay and the largesi
ganufacturer-exporter of these tiles /NITCO, Delhi/
in the country have revealed that at present
consumption of cement tiles is approximately 132,000
tonnes and that annual growth in these requireaents
during the past five years has varied between 7 to
10 percent, Based on these discussions, annual
demand data of the cemen®t tiles during 1980 to 1984

are shown in tne following table,
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Table 5.2

Zstimated Tomestic Requirements of Cement LFloor'tileQL

/™housand Tonnes/
Estimated “omestic

Year Tezand
1980 . 130
1981 140
1982 150
. 1983 170
1984 132

2ast consumpiion of these tilzs could not register
niga growth mainly.due to tze constrainis in tae
availabiiity 0f cezent in thae country. Ifais situation
. is likely to improve dring the 3eventh Flan Period,
Accordingly, the Tile !fanufacturers’ Association is
nopeful that a 10 to 15 perceat aanual growth will be
registered during the next decade, This growth in
‘demand is most likely to materialize as comstruction
activity gains momentum in the country, consequent on
larger allocation of funds for the purpose. Accordingly,
demand for these tiles is expected to reach the level

of 450,000 tonnes in 1990-91.
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Table 5.3
Estimated “omestic Demand for Cement /Floor/ Tiles

During 1984-85 to 1990-91

/Thousand Tonnes/
ZEstimated Domestic

_Year Temand
1384-85 : 210
. 1985-36 23C
1986-87 270
1987-88 295
1988-89 340
1989-50 350
1990-91 45C

5 . 2_. 3 2 Eorts

zxports of cement tiles are insignificant and

are of recent origin only., As shown in tihe following
table, these tiles are being exported to near-by
countries, This is due to the heavy freight costs,
Another reason which is responsible for discouraging
large~-scale exports is the attempt of liiddle Eastern
Countries to utilize their local clay for tnis purpose.
According to the views expressed by the larges exporter
of %hese tiles, future exports are unlikely *“o exceed

3,CCO tonnes in any year,
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Table 5.4
Indian Exports of Cement /Floorz Ziles
/Tonnes/
Destination 1980-81 1981-82  1982-83 1983-84

Bahrein 253 255 - 26
Belgiun - - - 50

. Iraq - 79 - 292
Qatar 780 - - 15
Ttaiopia . - 66 20 -
Auwait - ' 36 - -
Cman 90 80 65 -
Sauwdi irabia 238 1,4G7 - -
Sri Zanka - 8 3 -
UAZ 580 118 - -
Yezen Arab ~ep. - 52 ' - -

' USSR 48 - - -

5.2'Ayailabilitx
All-India

There are about 2,000 units in tze couatry manufacturing

cement /floor/ tiles, The indusiry is concentrated in

tne following cities:
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Locatioh Number of Units
Sombay 100
ahmedabad 1C0
tangalore 60
liorwi /Gujarat/ 50
Lyderatad 40
liadras . 20

. Delhi 10

The average capacity of these units is nearly 35,C00 .
tiles per annum, each tile weighinz avout 3¢2 KiZoy

in tae size range of 25 ca x 25 cm. Siace. no industrial
licence is required for setting up tiese unitis in the
3zall Scale _ector, inforzation about their expansion
plans or setting up of new units is nov documented by
any asency. -ne growth in production of tnese units in
‘ the next decade will ve approximately 7 to 1C percent
as the units are already operatinz at near full capacity

utilization. Following table provides an idea of tae’

estimated production of cement tiles in the next few years,
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l Table 5.5
; Estimated Availability of Cement /Floor/ Tiles luring
1984-85 to 1390-91

/Tr.ousand Tonnes/
Egstinated Production

Year All-India
1984-85 210.0
1985-86 224.7
1986-87 247.2
1987-83 272.0
1988-89 - 299.2
1389-3C 329.1
133C-91 3¢2,0

5.4 tiarket Potential

All-India

The gap between demand and supply of cement tiles

expected to increase from about 7,500 tonnes in

1985-86 to nearly 91,000 tonnes in 1950-31l.
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Table 5.6
Estimated Demand-Supply Gap in Cement /Floor/ Tiles
During 1985-86 to 1330-91

/Thousand Tiles/

All-India

Year Demand Supply | dap
‘ 1985-86 | 232.2 224.7 - 1.5
1986-37 270.5 | 247.2 - 23.3
1987-38 297.5 272.0 - 25.5
1988-89 342.7 . 299.2 - 33.5
- 1989-90 392.8 329.0 - 63.8
1930-31 453.0 362.0 - 91.0
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" Annexure A

List of Parties and Azencies Contacted

New Delhi

1

All India Brick and Tile Federation, New Zelhi

Chemicals and Allied Products Export Promotion
Council, New Delhi

3 Central Public Works Department, New Delhi
’ 4 Central Road Research Institute, Okhla, New Telhi
5 Development Commissioner, Small Scale Industries,
Mew Telhi
6 Directorate General of 'Z‘echnica]. Tevelopment,
Yew Delai
7 Housing and Urtan levelopamext Corporaticn,
Yew Delhi '
8 Incdia Investment Centre, ew Delhi
9 Indian 3tandards Institution, iiew Delhi
10 Yational Duilding Crgzanisation, liew Celhi
‘ 11 1iZCC Mechanized Brick rlant, New Dellki
12 NITCO Tiles, Delni
13 Town and Country Planning Organization, New Delhi
14 Punjab Potteries Ltd., Palam, New Delhi
. Bombay
15 Indian Ceramic Society
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Annexure B

Capacity and zroduction of Glazed Tiles
in India turinz 1961 %to 1981

/Thousand Tonnes/

Year Installed Capacity Production
1961 T7.98 4.8
1962 7.98 5.52

@ 1363 7.98 5.96
.1964 7.38 6.27
1965 7.98 6.59
1966 7.38 8.13
1967 9.04 11.98
1368 8.24 14.00
1969 8.24 17.66
1970 8.24 16.504
1971 21.12 20.70
1972 . 45.C0 25.C0
1373 45.C0 26,70
1374 45,.C0 23.10
1975 45,C0 24.49
' 1376 45,82 28,75
1977 45.32 42,09
1978 N.A, 41,78
1979 N.A. 44,17
1980 N.A, 51.20
1981 59.9C 56.98

Sources: 1 "Guidelines for Industries", Ministry
of Industry, liew Delhi

2 Indiarn Ceramic Society, Bombay
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Annexure C

Irdian _E:;x_gorts of Glazed Tiles by Destination

Lestination 1979-80 1980-81 1981-82 1982-83 1983-84 .198.4-85

Australia - - - 63 - -
fahrein Island 8l1° 578 381 242 27 18
Ethiopia - 76 4 92 8 -
Kenya .33 71 705 219 80 471
‘ Euwait 53 2,158 723 88 43 -
iaali - - - 1 - -
¥epal 14 34 24 . 261 43 223
sigeria - - 4 2753 - 80
Oman - 1,658 3,207 . 961 464 592
satar 53 935 2,260 48 10 -
Saudi Arabia - 467 6,324 1,112 85 25
Seychelles - 12 10 7 12 10
3ingapore - - 141 & 18 -
Somalia - - - € - -
Sri Lanka - - - . 50 - 34
Tanzania Rep. 44 61 - 50 320 -
CAE 37 4,862 11,53C 1,169 154 697
US3R - - 255 96 156 339
‘ Yemen Arab fep. 35 136 220 g 677 61 8
¥alaysia - 25 75 - 136 13
iraq - - 12 - 56 60
Malawi : 62 - - - - -
Zangladesh 26 94 54 - 13 54
Mauritius 2 - - - - -
USA - - 167 - - -
Uganda - - 33 - - -
tluscat 68 - - - - -

Yemen P, Rep, 51 82 38
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Destination 1979-80 1980-81L  1981-82 1982-83 1'483-84 1984-85

Zambia 101 - - - - -
France - - 149 - - 15
Philippines - - 10 - - -
Sudan - - 86 - - -
Afzhanistan - 21 - - - 9 .
Yew Zealand - - - - - 30
Yetherlands - 1 - - - 22
. Pakistan - 27 - - - -
Total 661 11,327 27,732 5,221 1,623 3,591
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Annexure D

Types of Roofing Tiles

e
a Fort Roofings: These are meant for buildings with

double interlocking. They can withstand every test

for strength, reliability and weatner worthiness.

They are designed in such a manner that there is no

possibility of leakage. Their average size is 417 x 261 mm.
‘ Their breaking strength is 120 kg in a wet state. They

cover an area of 100 sq. metres requiring 1,3C0O numbers.

One thousand of theséd tiles occupy 3 pulk volume of 3.5

cubic metres.

b Truss ifoofings: 120 qumbers are required for 1C0 sq.
£t, /9.29 sq. zetres/. Their breaking strength is
104 kg. One tnousand of these tiles weigh 2,79 tonnes.
. ~meir size is 417 x 255 zm, these tiles may ve laid
straight or breaking joints, Their water absorption
capacity is 18.5 percent. One thousand of these tiles

have a bulk volume of 3.4 cubic metres.

¢ Basel !lission Roofings: To cover 100 sq. ft, on a
reeper spacing of 124", approximately 130-140 tiles
are required. Their breaking strength is 108 kg.

One thousand of these tiles weigh 2,54 tonnes in wet
state, Their size is 414 x 239 am and wat~~ absorption

19 percent, One thousand of these tiles wil1 have 3

tulk voluwe of 3 cubic metres, These tiles can be used
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on reeper spacing from 124" to 134", They are suitable

for laying both straight and breaking joints,

d Tazlor Tiles: These are smaller tiles with an overall
length of 114", They are laid on a reeper spacing of
9", 2,240 numbers of these tiles are required for
100 sq. metres., One thousand of them weigh about
1.4 tonnes., They are laid on concrate sloping roofs.

. . They have better appearance and better insulation.

e Ridze Tiles: 16" lon; tiles, as they are, weigh 3.4 Xg.

each, Zach tile covers 2 flat tiles on each side o the
ridge, 280 nuambers of these tiles are required for

1C0 sq. metres of area,

f Zaglor .idges: These are used along with Taylor tiles
ard are semi-circular in‘shape. 184" in length, 260
. ridges are required for 1CO running metres, Their

bulk volume is 4 cubic metres.

g Ceiling Tiles: Along with Mangalore tiles over them,
ceiling tiles form a cheap, effective and simple
-double roofing system witn air space between tiiem,
They cover the same area as roofing tiles and also

create a pleasant temperature in the room,

-
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h Flooring Tiles: These are used in houses, golowns and
factories. These are supplied in sizes of 9" x 9" and
6" x 6", Straight or diagonal halves to suit both the

sizes are also supplied.

i Terrace 3labs: These are made from tarracotta insulting
materials, aﬁd are in the size of 10" x 5"-x 4",
300 numbers of these tiles cover 100 sq, ft. They
. weigh one kg. eacn and are used as inexpensive pavement

and flooring for bar becues, porcnes, barmns and garages.

j Hourdis: These are long thin-walled hollow bricks
with strengthening intermediate ribs., These slabs are
adopted for flat roofs as they furnish a water right
strenzth., These slabs c‘an bear a load of 226.8 kg. pe.r
sq. £. uniformly distributed, Tlheir other advantages
' are: resistance to neat and lignt in weight; strong
and durable. These are wade in sizes of 1"x9"x3",

2"29"13 1 and 24"x9l'x3 "® .
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Annexure =

Indian Exports of Roofing Tiles by Testination

/Tnousand Numbers/

Destination 1979-80 1980-81 1981-32 1982-83 1983-84 1984-85
Eahrein Islands - >0 - - - 50
Iraq - - - - - 11
Kuwait 718 919 3,189 589 471 3,566
Maldiv Island - 8 - 1 - €0
¥Yepal 314 251 - 40 446 23
Oman - - 212 20 20 56
Qatar 34 599 534 219 158 78
Saudi Arabia - 160 2,496 130 - 169
Sri Lanka - - - 2,514 1,978 3,380
TAB 64%L 202 1,511 541 363 546
Yemen Arab iiep. - - - . 36 - 160
fangladesh - - 35 120 20 -
Italy 190 24 113 - - -
Philippines - - 69 - - -
Nigeria - - - 20 - -
Muscat 135 - - - - -
LY

Zambia 170 - - - - -

Total 2.398 2,173 8174 4,240 3,624 7,844
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Zstimated Total Demand for Cement /Floor/ Tiles
During 1984-85 to 1990-91

Estimated Tomestic Requirements of Cement

/Floor Tiles/

Zstimated Comestic [emand for Cement /Floor/ Tiles
Turing 1984-85 to 1990-91

Indian Exports of Cement /Floor/ Tiles

Estimated Availability.of Cement /Floor/ Tiles
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