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EXECUTIVE SUMMA.!\Y -----------------

Following the recommendation from UHEP, the Indian 

Governmcn t reqnested assistance from trnn:o in 
establishins the technical and commercial feasibil.i.ty 

of adaptins a proprietary method of carnet sand 
waste utilization for the production of buildin3 

materials, elaborated by Mr. Ferenc Pusk~s • 

Based on a field trip, la~oratory tests of ~arnet ~and 

and various mineral additives, all of Indian oricin 

IRE-OSCON, the -i:-ollowing find in cs have be en made and 

are reported in greater detail in this Report. 

• 

1/ Garnet sand from the pilot plant production of IRE OSCOM 

in Chatrapur is the waste of the production, can be· combined 

in formulas with additives to yield products of excellent 

quality parameters. Possible products include clazed 

~loor~ and wall tiles by slngle firinc technique, 
architectural glass and walling bricks, by cold technolocy. 

The garnet sanri content of such prodacts rant.;e up to 

c;o..:.Go p. c. 
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2) C0nsiderinf the siz~ of the Indian buildinf ~aterials 

r~arke t u~e a1.~oun t of garnet sand waste is not limited 

for building industric.l :;:ur.:,;oses due to the fact theit 

the dem<md highly suqasses the manufacturing possibilities. 

3) As encrgj accounts for 2pprox. lo 1·.c. cf total ~reduction 

cost of individual types of t~ilding materials, the ccst 

of ene1gy is largerly influenced what kind of fuel is 

used. 

4) '[he s;:ecific ene::gj' de1'.1end o; tile universal floor- and 

w3ll tiles is reduced b;; 1,0 p.c. i:i cr:rnfarison to tLe 

energ.}' requi.rer::<:nt of t!Je tradj_ti•:n0} tecl~nique. 

'lhe SU[[ses ted me t:iod of single-:'iring: ;,~;s been a result 

of great im~ortance all ovrr the world. 

5) en t11e basis o~ bboratory te:--ts it is p:ro1,osed 
thata plant be built to produce ?.oo~.ooo sq.m. floor 

and wall tiles ~er year. caracitJ can be increased 

according to the re~uire~ents. Cne pert of the equipment 
of tte ~lant is of local ma~uf8cture. Th~ value of t~e 

i~~ort equipment does not surpass 4,5 million U3 dollars. 
Th~ economic calculation in this reavect can be !ound 

in the fur:her part of this Report detniled 

The settl~rnent of the pl~nt enables the furtner develnpment 

of the industry and the use cf the pr~ducts f0r the local 

communal buildings. In addition a lot of cities are 
wit!1in so:ne hundreds of km raaius (.:3hubaneswar, Calcutta) 

tbus the tram;}.;ort prob..i.er..s can be reduced to <> rr,inirr.um. 

The [arnet sand based product ~roducea in C~atrapur 

pc:rn:its a 1lexil;le marl<et str:Jtegy tecause the raw 

rr.ate;·ials is c;vciilvble practically free. 
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According to the economic calculations for the erection 

of this plant the investment costs has been 191 mill.Rps 

for building 15 mill Rps included. Total capital requireme~t 

has been 200 mill Rps. Payback period: 2 years, net cash 
flow 43 mill Rps/year. 

It is recommended that the Governemnt of India encourage 

a garnet sand waste bas~d production. The method recommended 

makes it possible that after the expansion of capacity a 

greater quantity of the wastes can also be processed. 

6/ On the basis of the results of laboratory test and pilot 

scale demonstration the erectic!'l of a plant producing 

calcium bond walling :;ricks with a dimension of 22oxllox55 nm1 

by cold tec~~ology with an annual capacity of lo mill pcs 

ca!'l be sugt;ested. I::-'"v8st'.".le:-it cost of such a pla:it has been 

lo mill Rps. The ener£y savinc of this plant in comparison 

to the traditional brick production has been 3o p.c. 
Payback period of the factory tas been 3,97 years. Net cash 

flow: 1 mill Rps/y. The technology utilizes 11.ooo t g~rnet 

sand and 8.800 t quartz sand • 

7 I On the basis of the laboratory testing garnet in a purity 

of 97 p.c. can be used for glass production as well. 
Investment cost of such a production can be reduced to a 

minimum because existing glass factories can he used with 

a minimum reconstruction in the mashine line. 



LICENCIA, Budapest 

TWO 

• Project back~round and lr~ject History 

page 4. 
oldal 
Se1te 



LICENCIA, Budapest 

page 5. 
oldal 
Seite 

On the basis of his previous experiences in ceramics 

technology, the author, r•:r. Fer::nc }uskas, set out to 

develop a r.Je thod to utilize large amounts of red mud 

in the production of cerawics. He described this method 

in a paper that was later awarded a prize in a contest 

"U tiliza ti on of industrial wastes" sponsored by the 

Hungarian Academy of Sciences in 1977. 

The advantages of thin method can be summarized as 

follows. 

- A wide variety of products is now possible, including 

high value-added itmes such as glazeG tiles and 

frost-proof porous products. 

- Eore red mud (over 5o p.c.) and not just clay but many 

othe~ materials some of them otherwise useless, can be 

used to make up the body (industrial residues containing 

silicates, vulcanic products, rock materials normally 

considered dead in auarry ana ore mining, slag from a 

garbage incineratcr, etc.) 

- Alternativr production methods can be used tc sit the 
product and the available raw materials. ~ase and low 

cost of production are key, low shrinkage during firing, 

fuel saving rapid drying and rapid firing can b~ applied 

readily. 

The new method h8S been patentt.d as an invention in 

Britain, ~ustralia, the United States and a numter of other 

countires. It was also treated in outline in a Eungarian 
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documEnt compl:ed for the UN~F con1erence on environment~l 

protection fer the alumina indusgtry held in Paris, 

2o-~3 January, 1981. The author was subsequently invited 

to the Paris conference, where his method won general 

acclaim, and was incorporated ii. th2 list of recommen

dations adopted by th-: conference:: • .Several delegations 

were interrsted in studies geared to the c~untires' 

respective conditions • 

on the basis of the rccorr.rr.enda ti on of the ccnf erenc on 

the initiation of the Jc:maican Bauxite Ins ti. tu te the 

Jamaican government requested UNIJO to prepare a 

feasibility study and an economic evaluation. The study 

was compl~ted in 19~2-83. 

Following the abov~ events several stat~s announced their 

demand for similar UNiiD stud.i•2s. 
In 198) the Indian Government also requested the author 

to elaborate technology for the pr.~·cessing 01' iron-ore 

washing and g~s-washJng siuctges wich are the waste 

products of direct reductional sponge iron production, 

for the utilization of building industrial purpose. 

This work was successfully elaborated inl984. 

In August l <;1€4 UNI DO invited 1·irms to give offer for the 

utilization of brown rnud of Shanaonc Aluminium Works of 

China for building ffiaterials purposes. The commission was 

given and the feasibility study and e~~nomic par was 

sue cessfully elaborate: d and completed by r~r. FusKi.s. 
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In Sertember 19t4 UNIDO invited firms to give off~r fer 
the preparation of a Stu:. y aiming the u tilizati 1rn of 

red mud waste of the production of BALCO alumina factory. 

The draft fin2l report in this thema was prepared in April 

19.:::6. 

In Cctober 19e4 lJNILO invited firirs to give offc~ for the 

preparation of th~ present stuuy for IRE-OSCCM. The commission 

was given to the offer submitted by 1icencia - containing 

Mr. Iusk~s's ceramic expert, proposals. 

On the basis ot th~ preliminarJ document UNIDO approved. 

the plan of work and tne calculation of the feasibility 

s "t11 d.Y • 

In the possession of the cibove references ~ir. l'usli:is 

undertook to pr~pare the ut:IDU study and r;ilot scale 

testing through ~essrs. Licencia, using the garnet sand 

of IH2-03CCM plant and other local low value materials, 

and corducting pilot scale testing for processability to 

building-constructicn ~aterials for demonstration scale 
production of bricks, blocks, tiles, architectural glass etc. 

Following the de-briefing of the team on 8 Peb. 1985 at 
tnHDO, an .Amendment No. 1 was accepted to the contract 
between u:n:uo and Licencia in this project. Therefore both 
80 % and 97 % garnet were tested as described in the further 

part-=> of this study in comparisor. tn ·~ne o:dginal scope of 

work :n the Contract. 
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In conformity with the above this stuuy deals with the 

quaLity of the producable goods, the optimation of the 

manufacturing technologies in respect to the precessing 

possibilities of garnet sanu of IRE-OSCOM plant, 

elaborated by r::r. }uskt~s • 

Thus the present Study is concerned with the use of 

garnet sand in a purity of 97 p.c. and 80 p.c. for 
purposes of the building material industry specifically 

in India-Crissa. The garnet sand in a purity of 97 p.c. 

was investigated for the purpose of ar~hitectural glass 

production, while the garnet sand or Ba p.c. purity was 

tested for the purpose of cola-bond wallinc bricks, 

b:.azed floor and wall tiles, and architectural glass. 

~herefore, the results, conclusiona and facts established 

in this Faptr should not be understood to refer to the 

garnet of any other country only to Messrs. IR~-CSCOM, 

Orissa, India. 
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After the respective subcontract entered into force, 

the Eungarian expert team hfaded by tt.r.l'usk:is team 
leader, ~iiss v. rapp project coordinato::::-, rt.rs. r.atri 

consultant received their briefing on the project from 

Mr. Surgucov, UNiill, Vienna. 

A Iield trip aimed at the f&rniliarization with the local 

conditions and selection o: the potential additives 

tock place in January 1~85. 
From the local additives the most appropriate ones were 

chosen, and taken to Eungary in a quantity of 2,5 kgs. 

In Euuapest Er. rusk~s tested the sanples in short 

laboratory tests with different components to find out 

which mate~ials he would like to b2 included in the 

5 tons sample to be sent from Orissa to Hungary for 
pilot scale testing. After determining the best composition 

in his own laboratory he made tests and firing experiments. 

It was then established that the garnet sand of IRi-CSCOM 

and additives yield mixtures which are suitable for the 

production of' architectural glass in a purity of 97 p.c., 

and for the production of cold-bond and fired brick, walling 
blork and glazed floor- and wall tile bj using garnet sand. 

of So p.c. purity, of thf required. quality fired out in 

electr1c kiln. 

l 
I 
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Following the evaluation of the laboratory tests the 
author requested Messrs. I.it~'OSCOM to send the following 

materials to ~ungary. 

garnet sand in a purity of 97 p.c. 1 ton 

garnet sane. in a purity of Bo p.c. 1 ton 

Orissa sand 1 ton 

(Rushikulya river)clay o,5 ton 

kaoline o,5 ton 

Pilot testing and demonstration was performed in the 

second ha~f of June 1986, after the review meeting in India, 
in coniorrni ty with the agrreernent with UNIDO of 9th April i986, 

at the Kochel 2rn See facility of Messrs. OOH.ST r-:aschinen 
und Anlagenbau, something that is sp2cial importance since 

this firm had carried out a series of positive experiments 
in large laboratories and on an ihtustrial scale with Hungarian, 

Jamaican, German, Chinese and Indian materials. Also, one or 

Europe's most advanced pilot plants and test laboratories 
were built at Messrs. Dorst in the summer of 19t2, and not 
this Indian garnet sand project is the first complete job 

that need all their equipment to perform. 
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Geolorical sumuarv on the basis of the information of the - - - -- - - - - _ .... _ - - - - - - - - - - - - - - - - - - -

A profile of mineral Development in Orissa 

Se ttinr.: 

Orissa State, on the eastern sea board of India, is k..."'1.own 

for its rich, varied and abundant r:1ineral resources. 

All the rock formations in the ceolo£ical time scale, 

cor::prisin5 the oldest 11 Archazan 11
, younger coal tearins 

Gondwanas and the recent laterite, soil and alluviu~ 

:na1:e up the lar;.d.1;1ass o:f tlle State. 'i!1e i.rc:!:aeans, by far, 

are the no st do:ninant, occllpyinc; about three-f m.1rth of 

Crissa's lanciiuass. These formations host the minerals and 

ores that are needed for sustenance and economic development. 

:r:xul o ration 

Since tJ1e c'awn of civilisation, search for minerals has 

rP.rnained the no st e:xci tinr: a~El :re•;:arC: 1:1.~: venture of mankind. 

r.;11:eral resources are finite. ".:i th depletion of mineral 

resources at a mucl: fas Ler rate in rcce!~t years, r:;reater 

efforts to locate ac;di tional resources worldwide, have 

hecome expedient. 
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I:i Orissa, exploration and assessment oi' ::iineral resources 

are carried out by the State ~~'.irectora te of Ninin.s and Ueolofy 

and Geological Survey of India. Orra;:1isa;:;ions which have 

supplemented. the efforts of the U-iG and GSI in undertakinc: 

a comprehensive assessment of the mineral potential of tne 

State include the Orissa f-iining Corporation, Atomic Hinerals 

Di vision, Indian i~,ureau of Nines, Oil India Ltd., Mineral 

;xploration Corporation, Steel Authority of I!1dia Ltd., 

Coal India Limited, TISCO. Ltd. ar.ionc others. 

The combined efforts of all these organisations have 

enabled the State to occupy a pre-eminent position in 

tl1e mineral map of I~clia in spite of the fact that [.eolo[_~ically 

favourable areas are yet to be fully covered by air ~orne 

survey and lar~e parts of potential mineral bearinG area, 

both onshore ru1d offshore, remain to te investigated in 

::.etall. 

Discovery of over a billion tonnes of metallurcical crade 

1)auxite in the hiF;h plateau of l:oraput and Kalanandi, 

proving of 130 million tonnes of chromite in Sukinda 

i.·all~y; discovery of thick coal seams in 1ioth Talcher and 

Ib 1alley coalfields, copper ore in Sacbalpur, tin ore 

in i:lalkanciri sub-dl vision of :: oraput (1 i.strict and lime-

stone in the districts of J,alanr;ir and i:alahandi durin['. 

the last decade are si~nificant landmarks in the history 
I 

of explorat~on in Oris~a State. 
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Orissa is ~enerously end.owed with mineral resources. T~e 

State possesses a1Jout one-third of the total resources of 

Iron ore and Mancanese ore, 95 per cent of the respurces 

of Chromite and 60 per cent of the resources of Bauxite 

of the country. 

'.i'he country's only kno\·m commercially workable C.eposi ts 

of Nickel ore occur in Sukinda valley of Cuttack district. 

~:::e res01.~rces o:' Lii:iestone, ::olo~Ji te, Grap"t~i te, :Fire clay, 

Cl:ina Clay, Quartzite, I'iinera.l l~eari"!'lf Saacls are vast 

and extensive. 

The other important possessions ~nclude ores of vanadiun, 

copper, lead and tin; precious and semi-precious stones, 

Kyanite, Soapstone, Felspar, Viica, Asbestos, Pyrophyllite 

amone others. 

A variety of rocks suitaule for buildinr;, construction 

and decorative purposes occur in different parts of the 

State. 
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The present status of resources of different minerals and 

ores is as follows: 

Bauxite 

China Clay 

Chro!Ilite 

Coal 

Copper ore 

Dolomite 

Fire clay 

Iron ore 

Lead ore 

Limestone 

hans;anese ore 

Viir!eral sands 

llickel ore 

Quartz and C.:uartzite 

Var,adium ore 

/ :nillion tonnes/ 

1,525 

35 

130 

6,300 

3 

475 

59-

3,120 

26 

850 

31 

155 

15 

2 

\'foile the reserves of t;1e above 1:1inerals and ores are 

16. 

beinc continuously ~pdated, resources of others are being 

assessed. 
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Tl:.e ~;tate is the leadinr :proC.ucer of c:·.yor:ii te, Dolomite, 

f:la:;,.,~:anese ore and Craphi te in tL2 country. 

Orissa is one cf ti1e major producers of Iron ore, Fireclay, 

Limestone, Quartz and ~'uartzite. 

As many as 6l1J mining leases have been granted for different 

ores and minerals in the State. The total area c:overed by ·' · 

minin~ leases is 1,311 sq. Ems. constituting about 0.8 per 

cent of the area of ti1e State. 

'foe total production of ores arid minerals in the State was 

14 million tonnes, valued at Rs. 135 crores /1983/. 

Production of different ores and minerals in 1983 was or 

the followins order: 

I:::·on ore 

!:Ian,::anes e ore 

Chromite 

Lead ore 

Limestone 

Dolomi t.i:: 

Coal 

China clay 

Fi::-eclay 

Graphite 

Quartz & C,;uartzi te 

/thousand tonnes/ 

5,E.67 
459 
285 

43 
2,854 

786 
3,769 

27 
110 

28 
64 
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Export was confined to Iron ore and Chromite, the respective 

figures for 1983-84 were 9.29 lakhs tonnes and 0.82 lakh 

tonnes. 

The !··lining industry providPS direct employment to about 

50,000 persons. 

Hir..eral revenue is now of the order of ?.s. 13.39 crores 

/1983-84/. 

Orr:anisation 

Systematic exploration, assessment and exploitation of the 

mineral resources of the State; ad:niri.istration of mines and 

mineral concessions in accordance with the provisions of 

the Nines and Hinerals /Regulation and Development/ Act, 

1957 and co-ordination of activities, relating to mineral 

development are the objectives and activities of the Mining 

and Geology Department. These are dischareed through the 

Directorate of !Un inc; & Geoloc;y anc!. 1 ts field establishments. 

The Orissa Mininc Corporation Ltd •• established in the year 

1956, has the dist~nction of being the pioneer undertaking 

in the publ1c sector in the country for development of 

mineral resources. O.M.C. is the largest producer and 

exporter of chrome ore and a leadine producer of Iron ore 

and Mane;anese ore in the country. 'i.he Corporation's other 

current mining activities include extraction of tin ore, 

fireclay, limestone, china clay and precious stones. 
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It has plans to develop mines fc~ production of Graphite 

and facilities for processing of dimension stones. O.M.C. 

has taken steps to set up plants for benefication of low 

and off erade chrome ore and clay. The Corporation is now 

operating 22 mines. Its sales turnover was Rs. 15 crores 

during 1983-84. 

A subsidiary of O.M.C. named 110MC ALLOYS Ltd." was formed 

19. 

in the year 1982 mainly for t!"le purpose of commissioning 'o 

and operating the 50,000 tonne/year capacity Charge Chrome 

Plant, under erection near ~3emnipal in the district of 

Keor-jhar. Estimated to cost Rs. l8.55 crores' the loo per 

cent export oriented project is expected to go into 

commercial procuction by the middle of 1986. 

Mineral-based Industries 

The industrial scene in Oriss~ is dominated by the integrated 

Iron and Steel Plant of SAIL at :Rourkela. The massive 

Bauxite-Alumina-Aluminium complex of NALCO earmarked for 

commissioning around 1986-87 will be perhaps the largest 

mineral based industry in the country. The other industries 

worthy of mention, include: 

Ferro Han,:;anese plants at Rayagada and jocla 

Pie iron plant near Earbil 

Ferro-Silicon and Silicon metal at Theruvalli 

Rel'ractory plants at Belpahar, H.ajc;ancpur, Latikata, 

Dhenk~.nal and :Rarang 

Glass anc Ceramics at Barang 
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Cement plants at Earearh and Raj6angpur 

Fertilizer plants at Rourkela and Talcher 

Thermal Power Plant at ~alcher 

Ferro-chrome Plant at Jajpur ~oad 

Charce Chrome Pla.'1 t near Bhadrak 

Spo!1ge Iron ?lant near Palasponga 
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Graphite benefication plants at Sargipali, Tumudibandh, 

Balangir, ~itilagarh, Belpara, Mahanilo 

Ceramics and Insulators at Kuldiha ai~d Jharsuguda 

Lead concentration plant at Sargipali 

Chrome ore benefication at Boula 

Chrome Chemicals. 

The plants which are under erection include: 

Sponr;e iron plant near B1laipada 

Charge Chrome plant near Be~nipal 

Fertilizer plant at Paradip 

He:.:.vy ml!1erals separation plant near Cha trapur 

Mini cement plant in Sundar~arh district. 

The mineral-based industries planned to be set up include: 

Nickel/Ferro-nickel 

Ferro-Vanadium 

Ei.ectrolyti c Manganese Dioxide 

Manganese metal 

Chrome metal 

Charge Chrome at Choudwar 

Iron and ~ eel near Daitari 

Cement plants in Koraput and Sundargarh districts 
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Suuer Thermal power Station at Talcher 

Thermal Power plant near Belpahar 

Captive Thermal Power Plant at Choudwar 

China clay washery in Mayurbhanj district 

Chrome ore beneficatio~ in Sukinda valley 

Graphite benefication near Muniguda. 

Prospects 
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For n State endowed with such a wide variety ores and 

minerals, systematic and expeditious development and 

utilization of mineral resources are essential for steady 

and sustained economic growth. 

The development programme has to take into cognizance the 

need for intensive and accelerated exploration activities 

including airborne survey and remote sensing. There are 

21. 

indications about economic concentrations of gold, tungsten, 

lithium, platinum, apatite, asbestos /chrysotile/ in some 

parts of the State. All these merit detailed investigation. 

The prospect of locating oil in the offshore and onshore 

areas of the State, where geological condi tior,f, are 

favourable, should be fully assessed and re-investigated 

wherever necessary. 



• 

• 

LICENCIA, Budapest 

page 
oldal 
Se1te 

'•!ith the stepping up of exploration activities, facilities 

22. , 

for instrumental analysis and application of modern techniques 

in exploration will have to be introduced. 

Development of mineral resources depends to a large extent 

on availability of essential infrastructure facilities such 

as rail and road communication, power, water and port. The 

railway projects connecting Banspani with Daitari and Koraput 

with Rayacada have been sanctioned by Government of India. 

Recently construction of the railway line connecting Talcher 

with Sambalpu.c has been sanctioned. Construction of these 

railway projects is expected to be completed by the end of 

the 7th plan period. These will help in accele~ating mineral 

development in the State. 

The port at Paradip has been ha.l'J.dlinc; iron ore, chrome ore, 

coal and mineral products besides a wide variety of eeneral 

cargoes. The wagon tippling system has already been 

commissioned. The port has to be developed including deepening 

of the harbour to accommodate bulk carriers for iron ore 

export. 

The state is endowed with very large reserves of power grade 

coal. The reserves proved so far, which are amenable to 

quarrying, can suatain generation of 10,000 MW of power for 

a period of 100 years. It is in this field that there is 

unlimited scope for development of coal resources and 
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installation of additional capacities for generation of 

power. This is necessary as development of mineral industries 

and particularly production of ferro-alloys reqire large 

chunk of power. 

Tha State possesses large surplus reserves of bauxite. 

There is good scope for export of bauxite both in crude 

and calcined form • 

The ve-st ar:d varied minor mineral resources have remained 

practically untapped. These can be developed for export 

and also for meeting the requirements of the domestic building 

and construction industries. 'l'here is also scope for export 

of washed chir..a clay and benefidated graphite. 

Technology is established for production of iron by the 

sponce iron routa utilizing non-coking coal. Processes 

have been developed in Sweden and West Germany for production 

of iron utilizing non-coking coal. The future production of 

iron and steel in the State, of which there is immense 

scope, would take into account all such processes. 

Production of cha=ge chrome from off-erade chrome bearing 

material and low to medium grade chrome ore fines involving 

adoption of the latest technology, marks an important step 

in mineral development in the country. The State is poised 

for prodaction of 150,000 tonnes of charge chrome annually, 
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all earmarked for export. Besides introducing new technologies, 

the ventures will earn foreign exchange equivalent of 

Rs. 75 crores annually. 

Government of India are examining vcrious proposals to select 

a viable process fer extraction of nickel from the ores of 

Sukinda valley. The State possesses adequate reserves of minerals 

and ores for production of various types of ferro-alloys. 

Establishment of a modern stainless steel manufacturing unit, 

with charee chrome and nickel as the basic input, is a distinct 

possibility. 

The Orissa Hininc Corporation Ltd. has stepped up its 

activities in the chromite mining field, to cater to the 

increasing demands of export and requirements of indigenous 

metallurgical, cl.emical and refractory industries. Its annual 

sales turnover i~ likely to touch Rs. 25 crores durinc 

• 1984-85. 

Concurrently with the development cf mineral resources, 

measures have to be considered and implemented to minimize 

degradation of the enirironment. This important aspect is 

now being locked after by the State Prevention & Control 

of Pollution Board; Department of Science, TechnologJ and 

Environment and the Directorate of Hining & Geology. 
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The contribution of the mineral sectoi: to the economic 

development of the State has been particularly noteworthy 

during the 6th Plan Period. Its contribution to the State 

exchequer ls expected to be of the order of Rs. 59 crores 

during the 6th Plan. The scope for mineral development and 

development of coal re&ources in particular are indeed 

enormous. Given the required input for development of 

essential infrastructure facilities, installation of addi-

• tional capacity for generation of thermal power based on 

the coal rescurces, it would be reasonable to expect the 

mineral sector to contribute substantially to the economic 

growth of the State during the 7th Plan Period. 
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Samples were taken from the valley of Rushikulya river 

(Orissa state). Ssurface is being cultivated by loccl 

farmers. 

Clay deposit is situated below the surface from 

o,5-lo to 5.o-6.o m and is exposad in wells clay 

deposit covers about an area of 25 mL. 

Clay is yellow and grayish or gr2enish yellow in 

colour, it has an uneven earthy-like fracture. 
By ~egascopically fine grained non-altered rock 

fragu.ents can be distinguished. 

Clay is very rine grained no ~ore than fifteen p.c. 

is in the silty fraction only • 

As far as mineralogy is concerned the clay can be 

characterized b.Y some montrr.orilloni te content, 

kaolinite is tne dominant clay min€ral. 
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Chemical ccmposition of the tested sample is as 

follows; 

Loss on ignition lo.Z6 % 

Si02 
58,36 

Al~03 
18,60 

l!'e203 6, 16 

Ti02 
o,86 

cao 2,15 

Na 2o i.e6 

KLO 1,08 

grain size purity 97 % purity 80 % 

in ,um 
-----------------------------------------------------------
above 800 

630 eoo 

500 - 800 

400 - 500 

315 - 400 

200 - 315 
160 - 200 

125 - 160 

100 - 125 

- loo 

Loss 

0, '::11 

e,9e 
15' 1.5 
22,22 

48,42 

3 '96 
2 'i.5 
0, ·;£ 

0'17 

o,85 
7,4e 

14,95 
2o,94 
49,66 
4,83 
o,86 

o,4) 
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SiOL 

AlLO) 

• Fe 2o
5 

TiOL 
t.:aO 

t<:.gO 

K~O 

Nazo 

so .. 
) 

r'eO 

~·:no 

F205 

• 

38,2 

2o,6 

2,4 
o,3 
2,6 

6,7 
o,ol 

c,o3 
o,l 

L7,l 
1,1 
o,l 

37,2 
2o,2 

3,1 
2,) 

6,2 

3o,o 
1,1 
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~~~~~~st~~of ~!~~~le~~~~de~~e~et~~~ 

.!lu_!r_! !_a_!!d_ and_l.!~ ]!otti~ o.f ..!.ndi_!n_ o,!i_&i_a 

Aim of the testing 

was to investigate the feasibility of the manufacturing of 

walling elements meeting the strength requirements made 

of the mixture of garnet sand and quarz sand by calcium

hydrate binding material. 

The strength testing was carried out according to the 

prescriptions of the Hungarian Standard No. 523/4. 

Deviations from the Standard are as follows: 

- The binding material is not cement but calcium-hydrate. 

- The grain size of sand is under 1 mm. 

- The ratio of the components were determined according 

to the table No 1, thus the stipulations of the Standard 

regarding cement mortars were not followed. 

• Testing method 

Th0 mixture was made according to the ration given in the 

Table No 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 

40x40xl60 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: 
2 - steam pressure 10 kp/cm 

- duration 8 hours 
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The strengthened probe bodies were dried on a temperature 

of 106 °c to reach their final weight then the bending 

and compression strength were measured according to the 

method prescribed in the Standard. 

rr.easurinr; data are summarized in Table No 1. 

Statements 

On the basis of the testing the following statements can 

be considered; 

- ·Ihe Standard. testing method is suitable to ~et adequate 

i!:formation on the mechanical strent;th of mortar type 

materials in the present case of garnet sand masses. We 

consider it necessary, however, to justify the building 

tech.~ological suitability of the product quality on the 

basis of the tests. 

By increasing the calcium-hydrate content the corapression 

strength also increases. It can be stated that the rate 

of increase is not proportional to the change of 

calcium content. By increasing the calcium-hydrate 

content from 10 per cent to 20 per cent the compression 

strength can be increased to almost its double. Beside 

30 per cent calcium-hydrate content the measured compression 

strength practically does not differ from a 20 per cent 

value. 
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- The bending strength of the samples by increasing the 

calcium-hydrate content shows an increasing tendendy 

- The ~Jlume density of the probe bodies irrespectively of 

their composition has been 1400 kg/m3 which means in 

comparison to the volume density of a normal clay brick 

/1700 kg/m3/ a lower value • 

31. 
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Table No 1. 

Mechanical Characteristics of probe bodies made of garnet 

sand, quarz sand and lime, all of Indian Origin 

N'o Composition Characte- 1. 2. 3. Average ristics 

garnet sand volume 
60 % density 1281,3 11.340,0 1297,0 1306 

quarz sand I 
/kg/m3l 

I. 30 % bending 
calcium strength 1,09 1,16 1,38 1,21 
hydrate /HP a/ 
10 % compressior: 6,80- 6,40- 6,40- 6,66 

strength -7,60 1-6 ,oo -6,80 
/MF a/ 

garnet sand volume 
50 % density 1379,0 1367,2 1441,4 1385,8 

quarz sand /kg/m3/ 
II. 30 % bending 

strength 1,22 1,21 1,22 1,21 
calcium /MP a/ 
hydrate 
20 96 compressior. 

strength 14,80- 13,20- 14,40- 14,13 
/MP a/ -14,40 -14,00 -14,00 

garnet sand volume tJ..400,a 1308,6 1308,6 1306 
40 56 density 
quarz sand /kg/m3l 

III. 30 % bending 2,49 2,55 2,66 2,57 calcium strength 
hydrate /MPa/ 
30 ~G -

compressio11 16,4- 15,6- 13, 60- 15,00 strength -16,00 -15,20 -13,20 /HP a/ 

~ 
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3.3. Pilot scale production demonstration in 

On the occassion of the visi~ of IRE-OSCOM representatives 

dated 23 June~ 9.July pilot scale production demonstration 

was organized in Kiskunhalas lime~stcne brick factory in 

Hungary on 2nd July 1986. 

The composition of the mixture used for brick production 

was the following: 

500 kg garnet 

400 kg quartz sand 

loo kg lime hidrate calculated on Cao basis 

After an intensive mixture of the components 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 was 180 °c, with a duration of 7 hours. 

The strength value of the finished product was loo kps. 



LICENCIA, Budapest 

page 
old al 
Seite 

• 

• 

It is to be remarked that the material composition 

was int.omogeneous, 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 coulc 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 lime is sladed in the reactor. 

After preparinb this mixture in laboratory additional 

testing was made where the results confirmed that under 

suitable circumstances bricks of optimal characteristcs 

can be achieved • 

34 
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3.4 .~~E2E2!2El_!~!~~~!S~~!~~-2!-~2-E~£~-E~E!~l-6~~~~~ 
~~~~L-El:E!2g~£!_2f _!~:Q~~Q~-~~~-2!_2!2~~-~~~!~ 
~~E2~!i~-~n~_!!E~£2!_E~~2~££~~-2!_Q£!~~~-~!~~-f£2~ 
~h~-E2!n~_2f _!!~~-2!_~~!!!~~~!2n_2f_s~£~~!-!2~g_2~ 
the raw material of different construction matters --------------------------------------------------

Using the garnet sand waste tor the purpose of producing 
various covering tiles the garnet samples of different 
purity (So p.c. and 97 p.c.) and Rushikulya river clay 
ingathered directly for this purpose on the spot 
personally were taken into con~ideration. 

In accoraance with the preliminary research plans the 
garnet sanj in different purity and pertenca~e was 
used in elaborating the final composition. 

At determining this final composition the following aims 
were respected; 
to reach the possible highest ratio of garnet sand at 
the same time of achieving tne optimal quality level of 
the targeted product, considerating the local circum
stances in the point of view of the manufacturing security. 
By the selection of other additives the long·terrn 
availability o! theirs was also regarded • . 

35 
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In the first approach 60 p.c. garnet sand and 4o p.c. 

Rushikulya river clay were taken. 
According to our wide knowledge taken from our numerous 
similar studies preceeding this the fabricating proceeding 

was the following • 

The mixture was put into a ball mill and was ground 

to fine particle size in wet condition. 
Afterwards this sludge was dried and granulated to gain 
a so-called dry press-powder. I ts optimal moisture content 

is around ten percent. 
If the powder is not dry enough it tends to adhere to 
the metzl plates of the pressing machine. In the case 
of low humidity the initial strength of the pressed 
goods will be insufficient, causing demages during 
processing ana gives unwanted influence to the quality 

of the final products. 
The pressed and dried pieces were burnt at a temperature 
or lo5o 0 u. The shrinkage during burning was sufficient 

and water absorbability was 11 p.c. 
This kind o.!.' clay shows advantageous 1·eatures (i.e. 
plasticity, ability of turning into sludge more ieasily, 

diminishing the grinding period et~) 

The properties of press-powder Feached 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. 
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During baking the pressed tiles in electrically 
heated laboratory kiln at a temperature of lo5o0 c, 
inclination to deformation or cracking was not observed. 

It seemed thatttlis composition is very close to a general 
purpose covering material for wall tiles as well as 
floor tiles for interior use. 

It has to be emphasized that this ratio of the composing 
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 the single firing 
process is always more advantageous economically than 

the double one. 

By firing on a temperature of lo5o 0 G and having 7o-75 p.c. 
garnet sand content in the mixture high strength products 
could be produced. This circumstance enable the eoonomy 
and technical viability of fired brick production • 

::>i02 

.. \i~O) 

Fe 2o) 

TiOI! 
cao 
~gu 

K2o 
Na~O 

so, 
FeO 
MnO 

l\~05 

5o,4 p.c. 
16,o 

~,5 

l,8 
5,o 

2d.,o 

o,7? 
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Datum zumBrielan 

3.5 •• Pilot Testing and Demonstration in West 

Germany with Messrs. DORST 

---------------------------------------------

T E S T R E P 0 R T 

on the production of ceramic wall tiles from a body with 

garnet components in single firing. 

carried out for: 

Licencia, Budapest 

Hungary 

all 

licencia team included: Mr. F. Puskas ceramic expert team leader 

by 

Ms. V. Pap, project coordinator 

Mrs. Batri, project consultant 

Mr. K. N. PANIGRAHI, Deputy Manager IRE India 

Mr. S. Suresh Kumar, Asst. Manager IRE India 

DORST Maschinen und Anlagenbau DORST team included: 

Mittenwalder str. 61. Mr. Roschlau, leader of lab. 

POB 109 + 129 Mr. Gr~f, ceramic engineer 

D-8113 Kochel am See 

26. June, 1986. 
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1. Scope of order 

-----------------

The aim of the visit of Licencia team, Budapest, was to 

investigate the possibility of production of tiles fro~ 

a ceramic body with garnet components. Purity of garnet 

was 80. p.c. A batch consisting of the raw materials was 

• to be processed as follows: 

- preparation by means of wet-grinding mills, 

- spray drying of the slip 

4o 

- pressing of tiles with this granule and subsequent drying, 

- glazing of the dried tiles 

- firing of the glazed tiles. 

The t ~ts have been carried out in the Test and Resea~ch 

Centre in Kochal am See from 23rd to 27th June, 1986 under 

• the supervision of Licencia and with the participation of 

Indian delegates of IRE-OSCOM Chatrapur. 

2. Performance and results 

--------------------------
2.1. Boddy prepar?tion 

----------------------
For the trial the following raw materials had been placed 

at disposal: 
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300 kg garnet of 80 p.c. purity 

200 kg clay 

332 1 water 

The raw materials had been weighed and ground in two batches 

of each 250 kg with 166 1 of water in a web~grinding ball 

mill (Dorst NM llo/9o). 

Dorst Company placed ac disposal the liquifying agent 

sodium-tripoli-phosphate. Thus, both batches were liquifying 

with o,251 p.c. of sodium-tripoli-phosphaete. The grinding time 

for each batch five hours. After this period of time the 

residue was smaller than 8 p.c. on a sieve with 63 um mesr. 

aperture. 

The slip ground in two batches was subsequently put into a 

container with electric stirrer and kept in ~onstant 

elutriation until the spraying was effected in the spray 

drier . 

2.2. Spray drying 

By means of a diaphragm pump (Dorst HPz 80/25) the prepared 

slip was pumped to the spray drier (Dorst D 400), which has 

a water evaporation capacity of 400 l/h. The entire slip was 

sprayed into the tower with a nozzle (~ 1,9 mm) whereby the 

air entry temperature in the tower was 300 °c. The heating 

medium was liquid gas and the pre-heating cf the air was Jone 

by an integrated heat exchanger. 
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All technical data as to the spray drying have been listed in 

annex. 1. The sieve analysis of the granule revealed that the 

main range of the granule distribution is at 160 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 oarticles are transported into a pressure .. ine 

with which the dust is blown into the tower again ne~r 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 pr~ss (Dorst HPP 750) . By means of a 

three-cavity die /size 215 x 322 mm/ tiles with an edge of 

approx. 217 x 324 mm were produ~ed. The specific pressing 

force was approx. 250 kg/cm2 at a tile thickness of 8,2 mm. 

The adjustment of the various pressing forces at the machine 
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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 llo 
0 c. 

In summarizing it can be stated that the granule with 80.p.c. 

purity garnet components has a good pressability and reacts 

relatively insensitive to change of pressing force. 

2.4. Glazing 

For the glazing of the tiles Company KERAprogress placed a 

liquified glaze at disposal wich based on a Zirconia 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/l). 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 

disc. By varying the speed of the conveyor belt a glaze thick-

ness on the tiles of approx. 1 kg/m2 was achieved. On account 

of the low slip weight of 1500 g/l a very slow speed of the 

conveyor belt had to be chased resulting in the fact that a 
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dripping of the glaze from the edges of the tiles could not 

be prevented. Th~ ~laze was fixed by ~eans of heating up with 

IR-radiation. 

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 

scle in placing firing material on all sledges of the kil~. 

During firing the glazed tiles were placed on Cordie~ite plates 

which were supported by a mesh of ceramic pins . The sledges 

were continuously moved through the kiln with four burner 

• gr.:::ups he:i ted ·,;i th gas . 

With this arrangement the firing programme can be ~~t by 

selection of the suitajlc t~rnperature and the pasJ1ge time 

of the tiles. 
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The following temperature curves have been examined as to 

the four burner groups: 

test No. Tl in °C T2 T3 T4 passage time in min. 

1 950 lo5o 1150 1150 93 

• 2 950 lo5o lloo !loo 93 

3 850 950 lo5o lo5o loo 

4 850 950 lo5o 1075 loo 

5 750 900 980 980 60 

• 
Without glaze the optimum temperature for the firing 

of unglazed tiles without any torsion: 

780 960 lo9o 1080 Bo 
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Test No.l. 

In this adjustment a deformation of the tiles resulted 

with the corners bulging. 

Test No.2. 

With this considerably higher temperature the bulging 

• corners flattened again. When the sintering process set 

in heavily at 1150 °C the tiles were even more 

deformed. 

Test No.3. 

The bulging of the corners was reduced by decreasing the 

maximum temperature to l.o5o as opposed to 1150 °C 

in the first test, however, the glaze revealed heavy 

• blistering. 

Test No.4. 

By increasing ehe temperature in the i3St phase of the 

46 

firing process T4 a better disbtributi0n of the glaze was 

achieved, !'"10wever, still. the fot·~atior. of blister::; was 

noticed. 
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zum Briel an Blan • -
Datum 

Test No.5. 

Aster reducing the temperature in the heating up phase 

(Tl and T2) and after reducing the passage time a 

distinct decrease in blister rormation was noticed . 

• The tiles fired in test 5 revealed in isotropic firing 

shrinkage of o,oo p.c . 

• 
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By means of a three point device the modulus of rapture 

of the tiles were tested before and after drying. 

The results have been listed in annex 3. 

As to the modulus of rupture in undried green 

• tiles it has been 11,5 kg/cm 2 , while after drying 

it has been 11,76 kg/cm 2 • 

• 
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Semi industrial Trial 

5R.ray_ drying_ 
Annex.l. 

Garnet 

test 

PROJECT / CUSTotlE.R. : Licencia, Budapest 

BODY 

ORDER NO. 
DATE 23.6.86. 

Solids 

Water 330 

Defloccular:t 

liter weight 

Viscosity 

Residue on 

Nozzle-up::::-ig2t 

Number Fcs. 

Nozzle Diam.et er 

Twisting worm. 

500 

1715 

600 

1 

1 

1,9 
.. 

6/4 

kg 

kg 

kg 

g/l 

cP 

IDJ:l. 

mm 

60 

4o 

Sodium-tripoli-phosphate 
o,251 

% 

% 

Hot air 300 oc 

Waste air 85 oc 

Tower 18 ::run W .·G. 

!'Iain fan 180 .!D..m W.G. 

Pump 20 kp/cm2 

Residual.moisture content : 5 3 Particle size distribution 

Bulk density 1066 g/l >500 micron o,l % 

Granulated material kg/h 500 - 400 micron·· o,8 % 

Water evaporation kg/h 400 315 micron 4,8 % 
, 

Consumption of gas m3/h 315 ~50 micron 19,5 % 

Remarks 250 200 micron 31,1 % 

200 160 miron 17,7 % 

160 100 micron 17,3 % 

100 - 50 micron· 6,7 % 

c::: 50 micron 1,2 % 

VEZ Laboratory /Pi/otplant 
Bia!! 
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Semi Industrial 7fial on the 
jjy_draulic Tile Press HPP 150 

Ord.;:r no. 

tile body 
~ a .; , .. +- ' , V' 0 c o.,...., .... ~ ,.. ..... · 
....J. ...... ..:: oJ ""'.L ._ .i.. ... L., .. _ .i.J .... ·5 Q.ua:i.tity p .c. 
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Modulus of rupture after d~ying 

51 
Blatt 

----------------------------------------------------------

pressing load bar 250 

size in mm after drying 2oo,5 x loox3 

• modulus or rupture 

Pmax. k"' :::> 7,55 

Ls c:n 15,o 

b cm 2oo,5 

a cm 12,o 

Rb kp/ cm 2 11,76 

• 
p = fracture load 

Ls = distance of edges 

b = Wi'Jtl1 of cile 

i] = thickness of tile 

3 Pr:.1x. Ls 
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3. Summary 

T~e 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 garnet 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 us 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. 

52 
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Laboratory investigation of high purity garnet (9o p.c.) 

~~~~-£QE_!~~-E~!E2~~-2f_g1~~2-EES~~~!i2~----------------

Aim of the testing was to investigate the possibility 

of arc hi tee tural glass t:roauc ti on by using high 
purity (97 p.c.) garnet sand for the purpose of 

walling elements, architectural wall and floor 

coverings, solar collectors in black colour • 

In order to rEach above aim chemical and physical 

analysis of the waste matecials have to be carried 

out. Two kinds of garnet sand were investigated. 

Number 1. is the garnet of 97 p.c. purity, number l:'.. 

is the garnet of 80 ~.c. purity. 

Grain size distribution 
(/Um) 

no.l. 

Table .I. --------
no. 2. 

--------------------------------------------------------
above 800 

6)0 - 800 

500 - eoo 

400 - 500 

315 - 400 
200 - 515 
160 - 200 

125 - 160 

loo - lC.:5 

- le,() 

ioss 

o,Yl 
8,92 

15, lj 

22,~2 

48,42 

),96 
2,15 

0,06 

0, 17 

o,85 
7,48 

14,95 
2o,94 

49,66 
4,8) 

o,B6 

o,4) 

---------------------------------------------------------
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'.I.'he experiwents were done on a GlJi\ vi bra ting sieve. 

Time of vibration was lo minutes. 

The data of Table I. show the indifference in grain 

size distribution of the two samples. 84-85 per cent 

of the grain ranges between 2oo-5oo ,,um which is 

considered very favourable. In case of glass melting 

materials of grain size above 600-~oo anu under 100-60 

/Um are un_;·avourablc. :Sig grains cannot insolYe and 

thereforE, r2main unsolv~d and the small parts close 

air bubbl~s which weights the clearing. 

Measuring was carried out on a Hungarian devivatograph 

in a koruna crucible on a temperature up till 1300 °c. 
According to the photo attached on a temperature of 

1000 °c intensive volume increase begins, up till 

1~4o 0c. T~is can be caused by the FeO content of 

the garnet. ?e(II)O is inclined to convert into 

Fe(III)-oxyde on high temperature according to the 

formula given below; 
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The change of volume is 2,95 p.c. which correspondes 

to 26,48 p.c. FeO content. The r~sult of the two 

measurings can be considered paralel knowing their 

chemical composition. 

The derivatogramm does not contain any effect regarding 

other reaction. The derivatographical photo of sample 

No.2. is not regarded because it does not differ from 

that of sa~ple no.1 • 
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The mineralogical testing ol garnet saiples was 
prepared by the equipment of Regaku-ve~ki manufacturE. 

Th'? following page shows the mneralogical photo of 
the sample showing only almandin (or iron-garnet) between 

the peaks • 

The ground line of the curve is high and refers to the 

Fe contEnt. 
The chemical formula of alrnandin is as follows; 

~ejA12 (Si04 ) 5 or 

Mg5Fe 2(Sio4 )5 or 

(Fe,Mn) 5A12 (Si04 ) 3 

The theoretical oxide composition o1 Fe 5 Al2 (~i04 ) 3 is 

as follows; 

FeO 45,2 p.c. 

Al~C) 2o,5 p.c. 

Si02 56,~ p.c. 

On the X-ray dif!raction photo other peak than alffiandin 

cannot be seen. The reasons of it; either it can be 
fauna in too fine distribution, or it is present in too 

low (insufficient) concentration. 
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Testing was csrried on a Leitz manuracture heating 

micrcscip, heating temperature up till 17oo0 c. 
PastillfS were pressed of the testing materials which 

were placed on a korund plate. Photoes were made 
by constant speed, copies of which are attac~ed. On 

the photoes it can be seen that no change it to be 

observed untiii lloo 0 c, its shape is unchanged in 

comparision to its state on a te~perature of 2o 
0c. 

On lljo 0c (photoes 41-42) litt~e swelling can be 

seen which reaches up to l~5o 0c (photo 49-50) 

On the basis of these observations compared to the 

cterivatogramrn it can be stated that two measurings 

methods show identity to the bel1aviour of the material. 
On l)oo 0 c shrinkage is to be seen (photoes 51-52), 
On 133o0c thE edges began to get round, (photoes 53-54). 

~cit-phase appears. 
On 1)5o 0c the edges dissolve (photoes ~5-56), on a 
temperature of 1)6o0c its snape is almos hemisphere 

(photoes 57-58) and on a temperature of 1400 °c the 
garnet gets smooth on the plate, it moistens the surface 

(photoes 61-62), practically the whole quan~ty of the 

material is in melt-phase. 
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ChEmical analysis of garnets is shown on the following 

table. 

97 p.c. garnet eo p.c. garnet 

---------------------------------------------------------------
Si02 
Al2o3 
Fe2o3 
Ti02 
GaO 
f·lgO 

K2o 
Naio 
so 

) 

Fee 
r·'.nO 

f .:'.05 

3e,2 
~o,6 

2,4 

o,3 
2,6 
6,7 

0,02 

o,o3 
o,l 

-.!.1' l 
1,1 

o,l 

37,2 
2o,2 

3,1 
2,3 
6,~ 

3o,o 
1,1 

---------------------------------------------------------------

Cn the basis of the ana1ysis it can be stated that 

tetween the two garnets no rtifference can be seen, which 

could influence the chacacteristics of either sample. 

':C:ile Al~Oj, l!'e~Oy CaC·, r.:go anci !<no cont€nt ol garnets 

are identic~l, an~ their concentration on Si02 , ~eO 

and TiOi dif1·er =inima1 from each other. 
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On the basis of Si02 and Al2o3 concentration a 

pure Fe3AlLSi)Oi2 would be supposed, however 

the FeO content is insufficient. 
There are MgO and MnO in the composition which according 

to the above statements could be the components of 

garnet. Ti0
2 

and Fe 2o
3 

content refers to the impurity 

of the material. 

On the basis of thP tests and after the evaluation of 

the results spc::cific gass cor.Jposi tions were searched 
which can be adjusted best to the composition of the 

garnet. 

In the first approach glasses of high Al2Dj content and 

high Fe
2
c

5 
content could b~ donsider~d where the 

presence of MnO is not disturbing • 

The present 8Vailable glass types are not suityble 

for this furpose. Glasses of high Al2o3 and Fe 2o3 
content are not suitable for mechanical processing. 

13 different oxide compositions were taken where the 
quantity o;· the inaividual components has wide ranges. 

Concentration of the individual components ranges 

as follows; 
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SiO~ 41,5 - 67,o p.c. 

cao 8,5 - 14,6 

MgO o,6 - 7,7 

Na 2o 1,9 - 1),1 

Al 20j 5,9 - 13,5 

Fet!o3 
1,) - 19,5 

MnU - 3,o 

rl80 - 1,3 

K. 0 - :5,8 
2 

Oxide components of the individual glasses can be seen 

in Table no.III. 
Cn the basis of this table and knowing the composition 

of the raw materials the necessary raw materials 
measuring was calculated, it is gathered in T~ble no.IV. 

The quantity of garnet in comparison to the whole raw 

material quantity is bet~een 3,5 - 57,l p.c. 
The raw material mixtu~e was melted after homogenization 

in a korunct crucible, in laboratory circumstances on 

a tempecature of 1340-14eo 0 c. The mixtures melted very 

quickly and became clear. In some cases corrision was 

to be observed the cause or •11hich was the high Fe 2o5 
content. 

from the melt sticks were streched in order to test 

the length oi' the stick. ;.)tick marked by IG are short, 

the others are long glasses. This refers to the 
temperature invrrval1um whlre the glass is processable. 
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Oxide components of glasses (in p.c.) Table no. III. 

--------------------------------------------------------------------------------------------------
Componenst of 
glass IG-9 IG-8 IG-7 IG-6 IG-5 IG-4 K~3 KM2 eo)s e1)s 73)6 72)e 72)5 

-------------------------------------------------------------------------------------------------
Si02 

47,1 48,1 45,2 52,o 5o,l 46,5 61,5 41,5 56,6 64,7 67,o 61,o 61,6 

Cao l~,4 li,6 8,5 9,o 11,o 14,G 9,9 16,1 14,4 lo,3 lo,5 lo,8 lo,6 

t":gO 5,6 5,9 4,8 6,3 6,8 7,7 6,1 2,6 1,2 o,6 o,6 5,4 2,9 

l'a O 2,3 2,) l,9 ~' j_ 2,8 5,8 2,8 5,7 9,o l~,6 13,l 11,~ 9,5 
·' 2 
Ai.c.°) 12,9 13,l lo,6 12 '2 11, 7 lo, 9 13,3 5,9 12,4 7,5 6,4 lo,~ 1:5,5 

.Fe2o3 
18,8 19,2 15,4 17,8 17,1 15,9 2,4 1,4 ~.5 1,4 l,j 3,4 1,8 

r.:,no o,7 o,7 o,6 o,7 o,6 o,6 3,o 2,1 o,l o,5 o,l 

:SaO - - - - - - o,3 1,3 

K20 - - - - - - - o,5 3,8 2,4 1.' 1 

--------------------------------------------------------------------------------------------------

~ e e ""' 
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t~~~~!~~B-2f_E~~-~~!~E!~1~-~i~~~£~~-{1~-gl ____________ !~E1~~-~£~!Y~ 

raw 
IG-9 IG-8 IG-7 IG-6 IG-5 IG-4 Kl"i3 KM2 8o)s eo)s 73)6 7~)e 72)5 materials 

-------------------------------------------------------------------------------------
sand 60 60 80 80 60 4o 348 524 266 318 330 283 3al 

lime stone 4o )o jo 2o 2o ;::o - ;co2 120 9~ 9) 62 64 

dolomit 2o ~o 2o )o 3o 3o 156 P.e 15 6 7 61 5 ') 

soda lo lo lo .lo lo io 29 51 7~ 104 loe 9) 7B 
garnet 160 160 160 160 120 80 48 )7 4L 24 21 56 31 
alumina - - - - - - 69 4o 5j jj 28 :; 9 6~ 

potash 
(black ash)- - - - - - 16 6 ~8 18 8 

1·1uorspar - - - - - - 11 l 

Baco3 - - - - - - 2 13 
fl.no - - - - - - 17 17 - 2 

bone powder- - - - - - 7 9 

-------------------------------------------------------------------------------------

e ~ ....... 
~ -
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~~!!:~~El 
Garnet was tested from the point of view of utilizatiJn 

of glass in~ustry. The following statements can be 

taken. 
- Due to its tigh }'eO and Fe 2o3 contnet it is suitable 

to produce glack glass. Its Mno concentration 

strengthens the above characteristics. 
- On the basis of the Al2o3 quantity glasses of high 

aluminiumoxide content can be produced. 
- Garnet cannot considered to be a traditional ra~ 

material, inspite this fact it can be excellently 

used for th~ tested purpose. 
- Ratio of raw ffiaterial in the compositions ranges 

between 44 - 57,1 per cent • 
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.fa_£tor.l .fo.E. _!h_!l .E_roduction_of ~ni v.!lr~al ,!'.allin_g bl.£cks _ 

_2f_OSCOH_@r_!!et ~a_!!d_b~s~d_c.£ld _!eclmolo_gy_wi th ~n_a,!!Il~al 

_£a.E_a_£i ty_of .io.Looo . .i..OOO_ycs_wi t,h ~ 2,i_!!!e,£sion .£f_.22'2}ll2;""C55 _l11.,!!!, 

_10_ the_f~a~ibili ty_study_ 

Content 

1 • Introduction, basic data 

1.1 Annual gross production of the factory 

1.2 Name and dimensions of the product 

1. 3 Timing of work 

1.4 Other initial data 

1.5 Hain phases of production teclmology 

2. Production technology /technical description/ 

2.1 Receiption and storage of i:;arnet sand and quartz sand 

• 2.2 Receipt and storage of lime 

2.3 Measuring and mixing of garnet sand, quartz sand and 

lime 

2.4 Hydraulic pressinc; of the mixture 

2.5 Hardening of the pressed bricks in autoclave 

2.6 Storage and delivery of finished product 
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3. Technical dta 

3.1 Production data 

3.2 Haterial demands /garnet sand, quartz sand, lime and 

water/ 

3.3 Energy demand /fuel oil, electric energy/ 

3.4 Staff demand 

3.5 Storage capacity 
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l. Introduction, basic data 

Our offer was elaborated with due consideration of the 

general settlement possibilities. 

On the basis of ou~ local survey we contemplated to get 

the garnet sand from the sand re~ervoir near to the OSCOM 

plant, it goes to the drying area by conveyor. Finally it 

is sieved and conveyes to the bric~ production. The lime 

is delivered to the factory by tank-vehicle, on public road • 

The elaboration of technology :process, and the selection 

of machines and equipment was done on the basis of the 

available information on the raw-materials, and tests were 

carried out with these materials. 

The followine initial data were taken into consideration 

regarding the production technology. 

• 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. 
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1. 2 ~~aminr: of the P' oduct and dimensions 

The product produced has been ·grey solid brick in one 

si~e, 220 x llo x 55 m.~. 

1.3 Timing of work 

Number ~~ annual working days 

Uumber of working days per week 

Number of daily shifts 

Effective working hours 

Working in two shifts per day 

Working in three shifts per day 

1.4 Other initial data 

300 

7 

2-3 

7 hours per shift 

raw material delivery 

measuring, mixing, 

pressing, hardening in 

autoclave, handling of 

the finished product and 

energy supply 

- ·rhe settlement of the factory buildings can be made 

by turnine away the axis A and n, if necessary. Thus, 

accordinc to the local conditions the optimal settlement 

can be planned. 

- The economic efficiency can be increased without any 

limitation because the net production of the factory 

and the timing of work can be raised if we increase 

the number of staff .:l:1d if' we apply additional equipment. 

- The planning of ti1e internal road networl<: of the .t:actory 



page 

LICENCIA, Budapest 
oldal 71 
Seite 

• 

• 

makes it possible that the raw material delivery and 

finished product delivery do not traver /intersect/ 

each other. 

- The heating value of the available fuel, coal ,.,. 

5.200 kcal/kg, i.e. 22 234'/kg 

~le assumed that the oil supply is secured at the fence 

of the plant, therefore, only interconnec~ing pipes, 

oil reception station and the pipe-line inside the plant 

are to be built • 

- The transformer station is built inside the plant, it 

connects to the external network by 2 pcs overhead 

line of 30 kV. 

- water supply available at the fence of the factory 

- Compressed air supply is secured by the planned air 

compressors. 

--~separate laboratory is not planned. Strength tests of 

the garnet sand, quartz sand, lime and finished product 

can be made on the equipment placed in the workshop. 

- Regarding the complementary secondary establishments 

we meet only the most necessa~J demands with the 

planning of washing and catering. 

- Regardinf, offices only the absolutely necessary 

demands are met. 

Regular maintenance is planned only for hardening 

carriages. 

Measuring and control equipment will be placed in the 

workshop, in the airconditioned small premises beside 

the reactor. 
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1,5 The main phasis of the production technologY 

- The garnet sand and quartz sand arrive in dry condition; 

sieved to the requested grain size, to the plant and is 

storaged under shelter against rainfall /practically in 

spaded-finis~ silo bunkers/. 

- The lime is delivered to the plant on a tank car in dry 

condition, storage: in cement silos. 

- Measuring of the garnet sand and quartz sand in the 

appropriate ratio, the automatic moistening, the 

intensive rapid mixing are carried out, the mixture then 

goes through a double-axe trough mixer to the front loaded 

hydraulic press. After the automatic loading to the 

hardening carriage the pressed bricks go through the 

waiting tunnel to the steam heated autoclaves, then 

for delivery or to the open-air storage area • 
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2. Technical description of production technology 

On the bais of the initial data the production technology 

consists of the main phasis as follows: 

2.1 Receipt of garnet sand and quartz sand, and storage thereof 

2.2 Receipt and storage of lime 

2.3 Measuring of garnet sand, quartz sand and lime, mixing 

2.4 Pressing the mixture into bricks 

2.5 Storage of finished products or delivery 

Hereinafter we outline the technology process according 

to the above production phases: 

2.1 Receipt of r,arnet sand, quartz sand and storage thereof 

The tipping ear car full with garnet sand and quartz sand 

pours its charee to one of the bunkers of 18 m3 /10/ in 

the covered storage area. 

From the covered bunker the garnet sand and quartz sand 

are picked up by a handspike front elevator and are 

conveyed to the fedding bunker. The steel-plate bunker 

sunk under, the level has two outlets, discharge is made 

by an electromagnetic vibration loading tray, each /11/. 

Discbarge is promoted by a plate vibrator fixed on the 

side wall of the bunker, 

The vibration charger charges the mixture to a rubber-textile 
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conveyor belt /12/, which delivers it to the scale 

tank /15/ staying on a steel construction. 

2.2 Receipt and storage of lime 

The lime is delivered to the brick factory by tank 

car. The discharge resp. the pouring into the lime silo 
~ 

of 290 m; is made by a pneumatic conveyor being on the 

car. The filling capacity of lime silo is for 11 days' 

lime demand. From the big silo the lime powder is 

conveyed pneumatically according to the demand in 

smaller lime silos of 25 m3 /13/ and from here by worm 

feeder /14/ to the lime scale /17/ tank in the mixing 

hall. The ratio of lime in the mixture has been 30 per 

cent. 

2.3 Measuring garnet sand, quartz sand and lime, mixing 

The puff er tank above the mud powder scale in the 

mixing hall is feeded by a conveyor belt /12/. The 

measuring is started by a controller from the control 

point. The weight to be measured can be adjusted on the 

control table, thus the filling and discharge of the 

scale is automatic. The measuring capacity of. the 

scale /15/ has been 2000 kg. 

The sand goes from the scale tank by gravity to the 

intensive reversed current rapid mixer /18/ under 

the scale. ~he lime goes to the lime measuring tank 

/17/ of 0,4 m3 into the mixine; hall by worm feeder. 
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The measuring capacity of the scale has been max. 

400 kg. After finishing the measuring the lime goes by 

gravity to the reversed current intensiv rapid mixer 

/18/. The mixing process continues automatically after 

starting the measuring if the conditions are given: 

- the mixer is operating 

- the door of the mixer is closed 

- measuring of the mixture is finished 

- the bunker under the mixer /19/ is not full • 

After the simultaneous measuring of garnet sand, quartz 

sand and lime, dry mixing is made then after automatic 

water addition /16/ homogenization is the following step. 

Ifiax. filling charge of the pre-mixer: 2ooo+4oo+24oo kg 

Operating charge of the pre-mixer: 

Number of mixing per hours: 

Mixing capacity: 

Mixing cycle time is approx. 4,8 min. 

2000 kg 

12,5 

12,5x2,0 = 25 t/h 

After finishing the mixine, the homogenized mixture 

goes to +he mixture bunker of 2 m3 under the mixer /18/, 

then a cellular feeder /19/ feeds it to a conveyor belt 

/30/, from where it goes by gravity to the double axe 

trough mixer /32/ of continuous work for the purpose 

of second mixing. Here further water quantity will be 

added /33/ for the adjustment of the most appropriate 
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water content necessary to the pressing. The quantity 

of lime within the mixture can be altered in the function 

of the required strength. 

As a rule, the mixture consists of 50 w.p.c. garnet sand, 

but it can also reach the 40 w.p.c. as well in the bricks 

of high strength. Keeping the optimal quantity of the 

water added is very important becausF this significantly 

influences the strength of the produc.; after pressing. 

The excessive adding of water causes problems with the 

filling of the press forms and in the course of the 

hardening in the autoclaves. 

2.4 Hydraulic pressing of the bricks 

From the double axe troue;h mixer the powder is delivered 

by a conveyor belt /34/ to the feedin: hopper /40/ of 

the hydraulic press /40/ of 1 m3 and of 500 tons pressing 

force, and from here to the press dies. The level 

indicator built in the feed hopper stops or starts 

automatically the conveyor belt and the trough mixer, 

according to the !illing level. 
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The height size of the brick can be regulated by the 

bulk of £illing 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 the hydraulic press on the 

surface of the brick has been 300 kp/cm2• The press 

is only then working if there is mixture in the feed 

hopper and if the hardening carriage is ready for 

loading at the loading machine belonging to the press. 

To achieve the required production 1 pcs hydraulic 

presses are necessary /capacity data of the presses 

can be found in point 3.2/ • 

LenGth of hardening carriage: 1360 mm 

Length of the autoclave: 22,5m 
,,.. 

number of hardening cars in one autoclave:1p pcs 

The filling diagram of the waiting tunnel and autoclaves 

is shown on the fig. enclosed. 

Autoclave length: 

Fillin~ capacity: 

Autoclave cycle time: 

, 

22, sm 
16- pcs hardenine car 

2, 35hours 
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The pressed bricks are picked up from the press table 

by a pneumatic catch and accordinr, to the pre-programmed 

data it places the bricks to the hardening cars /44/ on the 

two sides of the press according to the cross-section 

sizes of the autoclave /47/. I.urine; the loading, the 

moving of the hardening car is made electronically on 

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

the empty one automatically enters. The automatic loading 

of the hardening c.a~~iages can be"preprogra.mmed acco1'ding 

to the bricks of two different height sizes. The number 

of hardening cars to be loaded: 6,79 pcs per hour. 

The waste developing at the press is conveyes through 

the collecting hopper by a chain link transporter /60/ 

and a conveyor belt /61/ and gets back to the double 

axes trough mixer. 

After loading the hardening carriage with the fresh 

pressed bricks, the pusher pushes electromechanically 

the car into the waiting tunnel. The legnth of the 

I 

waiting tunnel is identical with that of the autoclave, 

i.e. it corresponds to the length of16 pcs hardening 

carriage /22 m/. Before th• autoclave there is a waitine 

tunnel. ?or the hardening we planned 1 pcs autoclave, with 

16 hardening carriage per autoclave. 'fhe filling time 

of the autoclave has been /in full leneth/ 5 h. 

Consequently, in each sLift l, 6 pcs waiting ttUUlel 

equivalent harc:enine car ::et i~1to ti1e a.ato- _ 

clave. As one autclave and as per ·-~ay 51,2 pcs hardeninc 
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car-charge will be hardened. The moving of the carriages 

insures the defectness of quality of the goods dues to 

their vibration-proof and careful operation. 

Note: 

In the selection of the hydraulic presses the following 

facts were taken into consideration: 

- Ament the SS-type hydraulic presses there are a lot 

in operation, well proved equipment • 

- The single sidepressing means a machine of lower costs, 

it is less complicated, consequently its ma ... nte::-..ance 

is simple, its operation is easier due to its endurance. 

--Maintenance demand of the mechanical presses are higher 

because they have more moving parts in where material 

granules can get. The mechanical presses in Western-

Europe were replaced by hydraulic ones as per offered 

by us. 

\'Ti th the mechanical presses the conversion to the 

production of brick of different sizes requires long 

lasting work with a specialized 1'" •• nowl edge. 

£.. 5 Hardening of bricks in autoclaves 

:E'rom, the waiting tunnel 16 pcs hardening carriages 

are pulled into the autoclave by wire winch /49/ in 

one cycle. If the :l.6 pcs hardening carriages are 

pulled into the autoclave, if it is closed on both 

ends and begins the filling up with saturated water 

steam. The process of increasing, holding and decreasing 
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of the steam pressure is carried on according to 

a determined program. The hardening time is 7 hours. 

During the hardening time developes the specified 

compression strength of the brick. 

After finishing the hardening process the steam is 

passed through another autoclave being under filling 

up. The doors of the autoclave are opened and the 

whole carriage-line in the autoclave is conveyed to 

the stora:;e track beside t:1e cra.ined finished products. 

Each autoclave has a separate sto_age track. The tracks 

/46/ of the hardening carriages are delivered to the 

plant prefabricated marking the jointing elements. 

The tracks of the sliding platform are to be set in 

and fixed to the appropriate track distance on the spot. 

2.6 Storage and delivery of the finished product 

From tha autoclave to the 2 storage tracks the goods . 

are taken out by a erab /48/ of the rnobil portal crane 

of 14 m span and are placed to the storage area or 

are loaded to vehicles. Above each other 4 charges 

can be placed at the most. 

~he crab way o~ the portal crane on the discharge-side 

of the hardening carria~e h~~ been 5,6 m on the loading

side 4 m with cantilever •;;., · t tion. '.I:he workin~ length 

of the crane has been 80 m. 

80 



81 
UCENCIA. Budapest 

page 
old al 
Seite 

• 

• 

The empty hardening carriages go by a manual pushing 

plate /45/ to the hardening carriage'cleaning equipment 

/87/, here the platform of the carriage is cleaned, 

then the cars through the storage track and manual 

pushing table go back to the ric;ht or left side of the 

loading track • 
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~ Technical data <· 

3.1 Production data 

3.1.l tlame of product: cold-bond lime-sand brick 

3.1.2 Nominal capacity of the plant: 10.000.000 pcs brick 

unit 15.ooo m3/y capacity 

3.1.3 Size of the product: 22oAllox55 mm 

Haximal breaking strength: loo kp/cm
2 

3.1.4 Operating time, operating program: 

number of effective working hoursq~ 5hours p\.. ..nifts 

/theoretically 8 hours/ 

number of shifts: material delivery and storage: 

2 shifts/day; 

measuring, mixing, pressing, hardening, finished 

products treatment, energy supply: 3 shifts/day 

number of working days per week: 6 

number of working days per year: 300 

number of working weeks per year: 50 

3.1.5-Production data /with nominal capacities/ 

size of brick: 22oxllox55 · mm 

number of stroke of the press per hour: 380 

brick pc per stroke: 6 

brick pc per hour: 2280 

volume of l pc brick /m3/: 0,00133 kg 

1 :n3 per .. Jrick pc: , 752 kg 

weight of brick per pc: . 2 kg 

averae;e volume weiL:ht k:/m3: l:>oo 
;: 

press capacity m/ /h: 2, 5 
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material demand ton per hour per press: 4 4 ' 
brick pc per hardening carriage: 593 

hardening carriage pc per hour per press: 3,7 

In the above calculations we started from the volume 

weight of the finished product of i5oo kg/m
3

• 

3.1.6 Yearly production data of the brick factory 

In case of production of bricks of 22oxllox55 m.'ll 

the technical /nominal/ capacity: 

10 000 000 pcs/year 

1'5 :)QO m3 /year 

2o 000 to/year 

3.2 Material dernand 

The data relate to nominal production. 

initial data of calculation 

- dry garnet sand content: 

quartz sand content: 
- lime content: 

50 wpc 

4o wpc 

lo wpc 

3.2.1 Specific material dem~nd per m3 brick 

name \Ulit of measure 

garnet sand kg/m3 

quartz sand kg/m3 

lime kg/m3 

water /at mixing/ l/m3 
7. 

water /steam production/ l/m-;; 
,,,ater for technology l/m3 water total 

.; 

752 

602 

150 

167 

.. 9~~ 
1600 

83 
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3.2.2 Material demand for hour, shift, working day, year 

name unit of measure hour shift working day year 

garnet sand to 2,2 16,5 33 10.000 

quartz sand to 1,77; 13 26 a.ooo 

lime to o,44 3,33 6,66 2.000 . 

water m3 5,:; 40 80 24.ooo·· 

3.3 Energy demand 

Basic cata of calculation: 

heating value of the coal: 5.200 kcal/kg, 

i.e. 22 234 kJ/kg 

3.3.l Specific energy demand per m3 brick a.nd per 1000 pcs brick 

Brick size in mm: 22oxllox55 mm 

naming 

coal 

electric energy 

unit of measnre 

kc/1000 pcs 

k';fn/m3 

k\'ih/1000 pcs 

3o 

15 

22,5 
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naming hour shift working day year 

coal /kg/ 173,6 1215,2 3645,6 1.276.ooo 

electric energy 
/kWh/ 195,8 1371,4 3113,2 1.440.000 

• 3.4. Required staff 
-------------------
Labour /handling/ 6 persons 

autoclaves loadiing and unloadi.ng 4 persons 

Ma shine opera tor and f inif:hed product handling lo persons 

Ironworker and electrician : persons 

supervisor 1 person 

engineer 1 person 

manager 1 person 

• total: 25 persons 
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This quantity secures 7 days' requirement. 

3.5.2. Quartz sand: 182 tons 

• This quantity secures 7 days' requirement. 

3.5.3. Lime: 46,6 tons 

This quantity secures 7 days' requirement • 

• 
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3.8. Technological description of a suggested 

floor and wall tile factory with a capacity 

of 2 mill sq.m. tiles/year, calculated on 

the data of Messrs. IORST 
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Product 

Capacity 

Weight of fired tiles 

Body requirement net 

Body requirement gross 

Glaze requirement gross 

Working days 

Working time of equip
ment per day 

Electricity 

Installed power foi' the 
complete factory 

Consumption of el. 
energy for the complete 
factory 

glazed and decorated tiles of 
the size 

200 x 200 x 7.5 mm 

single fired 

about 2.000.000 m2/year 

about 18 kg/m2 

about 36.000 tons I year 

about 42.000 tons I year 

on average 1.2 kg/m 2 

corresponding to about 2.500 t/year 

360 days/year 

3 shifts = 24 hours 

380 V, 50 cycles, 3 phases 

ass:1med w.i.th abt. 1500 kW 

assumed with abt. 24.000 kWh/day 
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Peak load of el. energy 

Heating fuel 

Net calorific value 
of fuel assumed 

Consumption of fuel 

Water requirement 

Compressed air 

assumed with abt. 1200 kW 
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producer gas, dry and clean with 
a content of sulphurous components 
of max. 0.2 Vol.~/Nm3 

1350 kcal/Nm 3 + 10 °lo 

abt. 273000Nm3 /day + 10 °lo 

abt. 80 m3/day for body and glaze 
abt. 50 m3/day for cooling presses 

89 

(abt. 5 m3/day in case of using water 
recooling plant) 

(abt. 10 m3/day for washing the equip-
ment and factory) 

abt. 15 - 20Nm 3/min at 6 bar pressure 
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PROPOSED TECHNOLOGY 

The various raw materials for the tile body composition, which 
is composed mainly by brown mud, a waste product which results 
from your aluminium production, are processed by wet grinding 
process so that a sprayable ceramic slip is obt~ined. 

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 the 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 predr.ied 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 qu2lity of the product 
and for checking the production quality a works- and a test
laboratory have been pr.oposed . 
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3.9. Suggestion for ~he utilization of garnet 
---------------------------------------------for the glass industry 

----------------------

For the production of black glass and of architectural 

glasses made of garnet of 97 p.c. purity an already 

existing glass !actory can be used by a minimal change 

in the equipment line. 

For the melting of garnet due to its fine grain size 

the generally used cupola furnaces cannot be used. 

For this purpose tank furnace is to be built where 

in every squar'= meter 1,2 o 1,6 t melt can be taken. 

This means in case of a tank of 2o m2, lo-12.ooo tons 

of fibrous material • 

A similar fritt furnace is necessary for the utilization 

of glasses marked by KM. /see table in chapter 3.6./ 

For this purpose an email6fritt furnace can be £econst

ructed by rebuilding of by-passing and feeder, resp. 

by building in a drop feeder. Costs can be regarded 

as a minimum. 
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The melting of numerated glass /see table in 

chapter 3.6./ types especially 81/S and 73/6 

can be solved by a minimum rebuilt of the 

furnace. If it is not possible to rebuilt 

then special attention is to be given to 

the cooling of the different parts of the 

furn1ce. 
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The production of black glass does not require 

construction change of the furnace. From a 

surface unit 161,5 t glass can be produced 

per day, which means 40-60 to/day glass 

production in case of unit-melter type 

furnace. Only those furnaces can be converted 

for the production of garnet based glass which 

produced previously almost the same product. 

For instance if th~ kiln produced previously 

hollow ware it cannot be used to produce 

rolled glass or "U" profile glass. In this 

case the whole line toghether with the furnace 

is to be changed. 
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The objective of the financial and eco:::i.ornic evaluation in 

the present Study is to providf a predesign estimate about 

the profitability of the possible utilization of the OSCOM 

wastes identified earlier. To this end estimates have been 

made and are presented below of ·;he total investment costs, 

of production costs and of the profitability of the 

individual plant/product alt~rnatives described in the Plant 

Capacities Section, and their cash flow is predicted • 

In the Total Investment Tables land and yard improvement 

have not been costed as OSCOM_ is expected to provide these 

free of charge. Building costs are estim~teJ using Indian 

analogues. Equipment and kiln costs are based on price 

information received from suppliers of industrial machines 

/Messrs. KERABEDARF of West-Berlin, Hessrs. DJRST of West

Germany, and Messrs. K:IBA:PROGRESS of H\Ulgary, e.t.c./ and 

from other sources. The production cost egtimates are based 

on the relevant data and on unit cost information received 

from officers of OSCOM and other Indian sources. The wastes 

have not been costed. The plant site location is assumed to 

be OSCOM yard or close to it. Depreciation 5.s calculated in 

a uniform manner to keep things uncomplicatad at this stage. 

Profitability calculations have been made with selling price 

alternatives to show the sensitivity of the rate of return 

to changes in the selling; price. Further investizations and 
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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 :Profitability Tables. The 

calculations are based on the assumption, that a 12 ).; 

interest loan would be available to the investor in 1:1 

ratio to his equity. It was not felt appt'opriate at th.is 

stage to consider the possible effect on the profitability 

of Corporate tax nor that of any excise duties. 

It has not been the aim of this Study to recommend a specific 

alternative for implementation as such a decision will have 

to be made by those involved in financing it. It is felt, 

however, that ear.h alternative has a money making potential 

besides th~ir common benefit of consu.~ing otherwise useless 

waste • 
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4.1. Glazed and decorated tiles for garnet sand based ---------------------------

A. 

1. 

2. 

3. 

technology, /total investment cost/ 

Predesign estimate 

Annual capacity 2 mill m2 single fired floor and 

wall tiles 

Rs. 
thousand 

Site, buildir.gs, etc. 

Land to be available by Messrs. 

IRE OSCOM 

Raw materials storage area 1000 squ. 

Rs. 150/sqm 150 

Plant building, complete with 

lightind and utility connections 

10.000 sq um. Rs. 1500/sqm. 15.ooo -------

Rs • 

4. sub t o t a 1 15.150.000 

B. Machines and equipment 

5. Plant machinery loo.ooo 

6. Kiln 18.750 

7. S u b t o ta 1 118.750.000 
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C. Other pre-production capital costs 

a. Engineering 850 

9. C~ramic knew-how 2500 

lo.Technical assistance, supervision 500 

11. Contingency, lo% of itam A+B 13390 

12. Workine capital, 2o % of annual 

• sales /of Rs.200.000.000/ 40000 

13. S u b t o t a 1 

Total Capital F:equirement 
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57.240.000 

191.140.coo 
============================================================= 
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4.1.1. Glazed and decorated single fired floor and 

• 

• 

wall tiles 

Predesign Production Cost Estimate 

Product weight: 2o kg/m2 

Product size: 2oox2oox7,5 mm 

2oox3oox7,5 mm 

Rs. 

A. Raw material 

1. Garnet sand - 30.000 tons -

Rs. 900/ t 27.ooo.ooo. 

2. Clay ~ 20.000 tons 

Rs. 2o/t /mined ~oyalty, cost cf 

digging, tansport cost incl.loading/ 

3. S u b t o t a 1 

B.Utili ties 

4. Glaze, 2600 t 

Hs. 12.500/t 32,,500.000 

5. Heating fuel 

light fuel oil 15.ooo t 

Rs 2880/t 43,,200.000 

6. Power, 7.500.000 l<Wh 

R~. o, 5/kw'h 3.750.000 

7. Water 45 000 cu. m., Rs l/cum. 45.ooo 

8,, s u b t o t a 1 

Rs • 

27.400.000 

79.495.ooo 
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~Labour reauired - 200 persons -

9.Rs. 900 a month/pers. 

D. Miscellaneous 

lo. Maintenance and repair 

2 % of building cost 

5% of equipment cost 

2% of kiln cost 

11.Insurance and other cost 

l'i of total investment 

12. Depreciation 

3 % of building cost 

5 % of kiln cost 

7 % of equipment cost 

13. Overhead /administrative and 

selling/ 7 % of annual sales 

14. Interest 

12 % on 5o % of loan 

/Rs.l~o.000.000/ 

15 • S u b t o t a 1 

2.160.000 

3o3.ooo 

5.ooo.ooo 

375.ooo 

1.911.400 

454.500 

937. 500 

1.000.000 
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loo 

2.160.000 

14.ooo.ooo • 

12.ooo.ooo 

J6. T o t a 1 annual cost of operation 

41.981.400 

151.036.400 
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4.1.2. Glazed and decorated tiles 

Profitability 

1. Gross annual rr·r~nue from 

sales if 2.ooo.~Jo squ.m. 

and decorated single fired 

and wall tiles are sold at 

• loo/sqm. /ex works/ 

2. Annual cost of operation 

/see item 16 of 4.1.1./ 

3. Annual goss profit 

4. Rate of return of capital 

/excluding loan/ 

• 

glazed 

floor 

Rs. 

200.000.000 

151.036.400 

48.963.600 

outlay 

Rs. 48.963.600 xx loo %= 49 % 
Rs. 100.000.000 
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4.1.3. Glazed and decorated tiles 

Cash flow at Rs.loo/sq.m. 

1. Gross profit /see item 3 of 4~1.2./ 

2. Depreciation /see item 12 of 4.1.1./ 

3. Annual repayment of loan princiapal 

of R3. 100.000.000 in 7 years 

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

production 1ar 
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Rs. 48.96:i.Eoo 

8.392.ooo 

14.ooo.ooo 

43.3:55.600 
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4.2. Walling bricks 

Total investm:nt cost 

Predesign Estimate 
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Annual capacity~ lo mill standard bricks fargarnet sand 

based cold technolOGY 

Rs. rs. 
thousand 

• A. Site 1 buildings 1 etc. 

1. Land to be available by 

Messrs. IRE OSCOM 

2. Raw materials storage area 1000 sq um. 

Rs. 150/sqm. 150 

3. Plant building, complete with 

lighting and utility connections 

500 sqm Rs. 1500/sqm 750 

• 4 • s u b t o t a 1 900.000 

B. Machines and eguipment 

5. Plant machinery 4.ooo 

6. Autoclave 3.ooo 

7. Su b t o t a 1 7.ooo.ooo 
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C. Other pre-production capital costs 

8. Engineering loo 

9. Know how 400 

lo.Continge~cy, lo % of item A B 790 

11. Working capital, 2o % of annual 

sales /of Rs.4.500.000/ 

12. S u b t o t a 1 

900 
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2.190.000 
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4.2.1. Walling bricks 

A. 

1. 

2. 

3. 

4. 

B. 

5. 

6. 

7. 

8. 

Predesign Production Cost Estimate 

Product weight 2 kg/pc 

Product size 22oxllox55 mm 

Rs. 

Raw materials 

Garnet sand 11. 000 t 

Rs. lo/t llo.ooo 

cuartz sand 8.800 t 

Rs. lo/t 88.ooo 

Lime - dry Cao - 2.200 t 

Rs 500/ t 1. loo. ooo 

s u b t 0 t a 1 

Utilities 

Fuel - coal 450 t /5200 kcal/kg/ 

Rs. 250/t 112.500 

Power , 225 000 kWh 

Rs.o,5 I kWh 112.500 

Water 24 000 cu.m. 

Rs 1/ cu.m. 24.ooo 

Sub tot a 1 
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Rs. 

1.298.ooo 

249.ooo 
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C. Labour a~d supervision 
9. Labour /handling/ 

6 persons - Rs 500 a month/pers 
lo. Autoclave loading and unloading 

4 persons - Rs. 600 a month/pers 

36.ooo 

28.800 

11. Machine operators & finished product 
handling lo persons - Rs.800 a month/pers. 

96.ooo 

12.Ironworker & electrician 
Rs 900 a month/pers. 2 persons 

13.Supervisor 1 person Rs.1500 a month 
14. Engineer 1 person Rs 1600 a month 
15. Manager 1 person Rs 2000 a month 

16. S u b t o t a 1 

21.600 
18.ooo 
19.200 
24.ooo 
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243.600 
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D. Miscellaneous 

18. Maintenance and repair 

2% of building cost 

5% of equipment cost 

2% of autoclave cost 

18. Insurance and other costs 

, o/_ 
~10 of total investment 

• 19 • Deprec1ation 

3% of building cost 

5% of autoclave cost 

7% of equipment cost 

2o. Overhead /administrative 

and selling/ 7% of annual 

sales 

21.Interest 

12% on 5o % of loan /rs. 

• 5.ooo.ooo/ 

22. s u b t 0 t a 1 

23. :.r 0 t a 1 annual cost of 

Rs. 

18.ooo 

200.coo 

60.000 

100.000 

27.ooo 

150.0000 

280.000 

315.ooo 

300.000 

operation 
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Rs. 

1.450.000 

3.240.000 
==================~======================================= 
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4.2.2. Walling bricks 

Profitability 

Rs. 

1. Gross a~nual revenue from sales 

if lo mill standard bricks are 

sold at Rs.45o/looo bricks 

ex works 4.500.000 

2. AIL~ual cost of operation 

/see item 23 of 4.2.1.D./ 3.240.000 

3. Annual gross profit 

4. Ra~e of return of capital outlay 
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Rs. 
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1.260.000 

/excluding loan/ Rs. l.Z6o.ooo x loo %= 25 , 2 % 
Rs. 5.ooo.ooo 

5. Pay back period 3,97 years 
=========================================================== 
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A.2.3. Walling bricks 

Cash flow at Rs 450/looo bricks 

1. Gross profit /see item 3 of 4.2.2./ 

2. Depreciation /see item 19 of 4.2.1.D./ 

3. Annual repayment of loan principal 

• of Rs.5.ooo.ooo in 7 years 

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

production year 

• 
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1.260.000 

457.ooo 

700.000 

l.ol 7 .ooo 
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Chapter Four 

Financial and Economic Evaluation 

4.1. Glazed and decorated tiles, total investment cost 

4.1.1. Predesign Production Cost Estimate 

4.1.2. PrDfitability 

4.1.3. Cash flow 

4.2. Walling bricks , total investment cost 

4.2.1. Predesign Production Cost Estimate 

4.2.2. Profitability 

4.2.3. Cash flow 
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Chapter Five 

Harket Survey of Selected Building t-J.aterials 
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1. Introduction 

1.1 Assignment 

This report was prepared on the basis of the data of 

Industrial Developme~t Services /IDS/, New Delhi, India. 

The aim of this report is to carry out a market survey 

• . of the aemand for and availability of following specific 

building materials, separately for the country /India/ 

• 

as a whole. 

A building bricks 

::i3 glazed tiles 

C roofing tiles 

D floor tiles 



LICENCIA. Budapest 

page 
oldal 
Seite 

1.2 Approach 

The manufacturinG activity in respect of these materials, 

except glazed. tiless is ir.. the hands of small scale units 

spread. throughout the country. The statistics of the capacity 

and availability of these oaterials are therefore not 

published. Similarly, no agency in -Che country undertakes 

demand surveys of these products. 

• Attempt was therefcre made to collect the requisite 

infer.nation through per3onal discussions with government 

• 

officials. An element of respondent bias in ~his approach 

is unavoidable, cross-checking of information through 

discussions with a large nuru"ber of concerned authorities 

has helped in reducing the extent of error to the minimum. 

1.3 Summary 

Individual building materials have been dealt with in 

separate sections of this report. The main findings of 

the report are summarised in the next Table. 
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Table 1.1 

Supply Deficit in Specific Building Materials 

Th~rin~ 1985-86 to 1990-91 Q, 

All India Figures 

Item Units 85-86 86-87 87-88 88-89 89-90 90-91 

Br1cks Hill. 25,000 27,000 28,000 29,000 32,000 35,000 
Nos. 

Glazed Thou- 32.5 51.1 73.9 102.6 138.0 181.5 
Tiles sand 

Tonnes 

Roofing Mill. 418 598 789 1,249 .l,249 1,510 
Tiles Nos. 

Floor Thou- 7.5 23.3 25.5 33.5 63.8 91.0 
Tiles sand 

Tonnes 

1.4 Status of Glazes 

The type of glaze normally used in the ceramics industry 

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

clay end 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 in India is that the large sized 

units use their own facilities to buy out the frits 

and then manufacture glazes for their captive consumption. 

Only such units, who cannot afford the facility of 

manufacturing glazes themselves, have to depend on 

out-side sources. 

There is only one independent source of supply namely 

Messrs. Ferro Coatings & Colour, Calcutt1, who have 

a technical collaboration with Ferro Corporation of USA. 

The :apacity of the plant is 4,000 tonnes and production 

has remaind around 2,000 tonnes per year for the last 

few years. 

The price of frits ranges between Rs.4,000 to Rs.4,500 

per tonnes. Prices of colours have not been indicated as 

these vary widely • 

1.5 Firing Capsules 

No information could be obtained on this item. 

It is possible tha"' this item is referred to under a 

different nomanclature in India as officials of the 

Indian Standards Institution /ISI/ were also l.lllaware 

of it. 
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2. Building Briclcs 

2.1 Introduction 

In India the brick~ industry is primarily in the 

Small Scale Sector. The hand-moulding process is 

almost universally followed. This has seriously 

impeded its capacity to meet the requirements of 

the construction industry. Moreover, the bricks 

made by this process are of poor quality. This 

has lately encouraged the setting up of mechanised 

brick plants but their introduction too has not 

been altogether successful. For this reason, the 

construction activity in the country continues 

to suffer from an evergrowing shortages in the supply .• 

of bricks • 

2.2 Demand 

According to the findings of a survey carried out 

by the National Building Organization /HBO/ 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 

estimates. Our discussions with officials of MID and 
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the All India Erick and Tile Federation reveal that in 

1982-83 these requirements were of ·the order of nearly 

60,000 million1 • 

Official estimates of requirements during the next decade 

are not available. While NED is reluctant to hazard any 

"official guess", an exercise was carried out with the 

All India Brick and Tile Federation and cross-checked with 

a few building organizations located in Delhi. Five main 

segments of construction ind.ustry were evaluated, viz.-

a Commercial - modern trend being in favour of 

multi-storey buildin0s particularly in large 

towns; 

b Institutional - large emphasis being placed 

on education and hospital buildings; 

c Governmental - the need to build more and more 

government buildings to cope with expension 

programmes of governmental activities; 

d Housing - this area having attracted the maximum 

attention of government's welfare programmes to 

provide houses particularly to middle class 

and weaker sections of society; and 

1These estimates relate to doruextic requirements, export 
deinand being negligible on account of exhorbitant 
transportation costs. 
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e Manufacturing - factory buildines to cope with 

increasing developmental activities. 

This excercise reveals that demand for building bricks 

is expected to increase to the level of nearly 120,000 

million in 1990·-91 as tabulated below: 

Table 2.1 

• Estimated Demand for Buildin0 ~ricks During 1985-86 to 

1990-91 

• 

Year 

1985-86 

1986-87 

1987-88 

1988-89 

1989-90 

1990-91 

2.3 Availability 

All-India 

/Million :Numbers/ 

All-India 

78,000 

85,000 

92,000 

100,000 

110,000 

120,000 

Official estimates of the supply of bricks are not 

available. 'rhe HBO's latest statistics are out-dated 
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and. bear no relationship with their earlier estimates. 

The main reason for this lacunae is because of the 

fact that the brick-making industry is in the small 

scale and sometimes even in the cottage sectors. 

Capacity and production data are not regularly reported 

by these sectors to any agency in the country. 

Projections of future availability of building bricks 

in the country, as summarised in the following table, 

indicate that the supply of these bricks is expected 

to increase from the present level of about 40,000 

million to nearly 85,000 in 1990-91. 

Table 2.2 

Estimated Total AvailabilitI of :o·uildinr:; Ericks L'urini:; 

1~85-86 to 1990-91 

/Million Numl:>ers/ 
All-India 

Year Mechanized Hand Total 
Plants Moulded 

1985-86 40 53,000 53,040 

1986-87 40 58,000 58,040 

1987-88 45 64,000 64,045 

1988-89 45 71,000 71,045 

1989-90 50 78,000 78,050 

1990-91 GO 85,000 85,060 

Source: Based on Table 2.5 
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The brick-making 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. Uhile the installed capacity of 

these plants is nearly 175 million bricks per annum, 

their maximum production sr far has been 70 million; 

even at present, four of these plants are lying closed. 

'.i:here are two reasons which have contributed to the 

poor ~apacity utilization of these plants: lack of 

quick commercial decision making due to beaurocratic 

administrative set-up, and relatively high cost of 

production thereby making these bricks uncompetitive 

with those made by the non-mechanized, privately owned 

kilns. The ~~ational Buildings Construction Corporation 

/NBCC/ plant at Delhi has been sold to a private party. 

Even the bricks produced at these plants have been 

sold mainly to government departments because private 

parties are unwillinCT to pay hicher prices. 
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L5timated Capacity and Production of Necila.nized Brick Plants 

lHillion NumbersL 

U:rl.i t . Installed 
Capacity 1978 1979 1980 1981 1982 

!!BCC Hechanized 
Brick, Plant, Delhi 40.00 14.0 15.0 16.0 

Mechanized Brick 33.00 10.0 10.0 21.0 
ilant, Calcutta 

• Housing Board 3rick 19.95 10.0 10.0 12.0 13.0 13.0 
Unit, Nadras 

Tamil Hadu Ceramics 19.80 8.0 8.0 8.0 10.0 12.0 
Limited, Madras 

KS Kasimaria Cera- 15.00 6.0 7.5 7.0 7.0 8.0 
mies Pvt. Ltd., 
Eadras 

Eousint; Board 16.25 2.0 4.0 
Erick Unit, 
Hadras 

Hechanized Brick : ·10.00 1.9 2.0 2.1 2.1 1.6 
Plant, Paonta Sahib, 
/HP/ • Mechanised Brick 10.00 0.5 1.0 1.0 
Plant, Assam 

Hechanized Erick 10.00 1.0 1.3 1.5 1.5 2.0 
l?lant, Srinager 

Total 174.00 22.:..1 58.8 68.6 ~ 36.6 
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Unless the present administrative set-up of these plants 

is chaneed it is less than likely that their perfo1mance 

will improve in the near future. Future production from 

these plants has therefore been estimated to be no more 

than 60 million bricks per annum till 1990-91. 

2 Hand-made Brick Kilns 

The hand-made building bricks industry is in the un

organized sector and very little data is available 

about this industry. The information given in this report 

is based on discussions with the All India Erick and Tile 

Federation and the National LUilding Organization. 

Production of building bricks out of red clay is centred 

around big cities and district headquarters and is 

seasonal in character. Alraost 99 percent of the bricks 

produced in the country are in the r.ands of small scale 

operators, who employ little or no machinery and the entire 

process of manufacture is done by manual labour. It has 

12: 

been estimated that about 40,000 million bricks are produced 

in the country by about 15,700 kilns spread all over the 

country. During the past five years, production of these 

uni ts has increased ·from 22 ,000 million :....'1 1978-79 to 

40,000 million in 1982, i.e. by about 16 percent per annum. 
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Estimated Production of liand-Houlded Ericks Durinrr 1981-83 

Humber Estimated production 
Region of kilns /i·~illion Numbers/ 

1982-83 1981-82 1982-83 

Punjab, Haryana, 
Chandigarth, HP 3,000 9,300 10,800 
and J&K 

UP, Delhi and 6,000 16,300 19,00 
Rajas than 

• West Bengal, 
Bihar and 2,000 3, 400 4,000 
North-::E.astern 
States 

Tamil Nadu 500 800 1,000 

Orissa 200 350 400 

Karnataka, 
Kerala 400 700 soo· 

Gujarat and 2,500 2,) .. 30 2,500 Naharashtra 

Andhra Pradesh 400 700 800 

• Others 700 620 700 

Total 15,700 34,300 40,000 
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The major briclc producing states in the country are 

Uttar Pradesh, Punjab, Haryana and 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 3 million bricks per a.vinum, employing abou·t· 

labourers, w.i th an investment of Rs. 200 to Rs. 300 

thousand • 

'lhe agencies cited above, are of the opinion that these 

kilns are capable of increasing their production to the 

extent of 85,000 million provided supply of essential 

raw materials, particularly coal, is ensured. Estimates 

of availability over the next few years are given below: 

':i:able 2.5 

Estimated Availabili t of Hand-Hade Bricks DurinO" 198 -86 
to 199 -91 

Year 

1985-86 

1986-87 

1987-88 

1988-98 

1989-90 

1990-91 

/Million Numbers/ 

Estimated Production 
All-India 

53,000 

58,000 

64,000 

71,000 

78,000 

85,000 

Source: Based on Discussions with All-India Brick And Tiles 
Federation 
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2.4 Hark~t Potential 

A gap between demand and availability for building 

bricks in India has been in existence for tile 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. 

~his shortace is due mainly to the inadequate availability 

of coal for the bricks industry and unsatisfactory 

progress of the mechanised brick plants. As shown 

in the following table, the gap betw"een demand and 

supply is expected to increase from the colossal figure 

of 25,000 million bricks in 198-86 to 32,000 millions 

in 1990-91. 

Table 2.6 

• Estimatert Demand-Supply Gap in Zuilding Bricks During 

1985-86 to 1990-91 

All-India 
Year Demand Supply Gap 

1985-86 78,000 53,000 24,960 
1986-87 85,000 58,040 26,960 
1987-88 92,000 64,045 27,955 
1988-89 100,000 71,045 28, 955 
1989-90 110,000 78,050 31, 950 
1990-91 120,000 85 ,060 34, 940 
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2.5 Prices 

The prices of bricks have been on ·the increase. During 

the pas~ five years the prices of both mechanised and 

manual bricks have gone up by about 50 percent. The 

following table illustrates periodic changes in these 

prices in Delhi. It will be observed that the prices 

of mechanised bricks are substantially higher than those 

of manually made bricks due to hirrher labour cost of 

• both skilled and usnkilled workers and higher coal 

prices. Though prices vary from state to state, depending 

on local costs of labour and raw materials, the difference 

is not ver:y large. 

Table 2. 7. 

Harket Prices of Nechanised. and i.'ianual Bricks in Delhi 

• LRs. Eer Thousand nricksL 
Effective Dates 

Mechanized Bricks l Jan 1 Mar 1 Aug 1 Feb 
1978. 1979 1979 1980 

Special Quality 245 280 350 370 

"A II C.:;Uali ty 200 230 290 320 

1113 II Quality 145 145 180 210 

29 r'lay 4 Aug 5 Jan 12 Hay 
Manual Ericks 1979 1980 1981 1982 

"A" Quality 168 186 200 240 

II f., II l;uali ty 157 174 186 220 

"C" c;uali ty 135 150 164 204 

Source: NECC Mechanized Brick Plant, Delhi 
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3. Glazed Tiles 

3.1 Introduction 

Glazed tiles are gaining importance in the building 

industry. In addition to their aasthetic appearance 

in bath-rooms, this material is gradually finding 

application in offices, hotels,· restaurants, laboratories 

and apartment buildings. In some cases, these tiles are 

rapidly replacing marble mosaic tiles /terrazzo tiles/ 

because they provide a cleaneF, brighter and more 

pleasing surface at about the same cost including final 

ins tall a ti on. 

3.2 Demand 

3.2.1 Total Demand 

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 lev6l 

of nearly 52,000 tonnes in 1980-81 to 126,500 tonnes 

in 1985-86 and approximately 315,000 tonnes in 

1990-91. 

" 
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Table 3.1 

Estimated Total Demand for Glazed Tiles 

Year Domestic Exports Total 
Demand 

1980-81 48.3 3.6 51.9 

1984-85 98.0 7.5 105.5 

1985-86 117.6 8.9 126.5 

1986-87 141.1 10.7 151.8 

1987-88 169.3 12.9 182.2 

1988-89 203.2 15.4 218.6 

1989-90 243.8 18.5 261.5 

1990-91 292.6 22.0 314.6 

Source: Based on Tables 3.2 and 3.4 

3.2.2 Domestic Demand 

All-India 

Ceramic glazed tiles manufactured in India are 

exclusively used for wall surface - mainly in 

bathrooms and certain specialized applications 

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

rooms. So far none of the Indian units has commercially 
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produced or marketed unglazed tiles for use as 

flooring material. 

The past two decades /1961-81/ have witnessed 
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spectacular growth in the demand for these tiles 

- nearly 13.4 per cent p.a. /Annex B/. During 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 a~~ivity 

in the country and changes in peop~e's tastes in 

favour of more and more utility materials, the 

Planning Commission have 1ssessed the demand for 

glazed tiles at 98,000 tonnes per annum by 1984-

85, including 22 percent annual growth dur~ng the 

1981-84 period. Our discussions with leading 

manufacturing units and building organi&~tions 

indicate that demand during the next 5-6 years is 

likely to grow at 20 percent per annum. These 

assumptions have been quantjfied in the following 

table. It will be noted that domestic demand for 

elazed 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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Table 3.2 

Estimated Domestic Demand for Glazed Tiles 

Year Estimated Demand 
/Thousand Tonnes/ 

1979-80 42.6 

1980-81 48.3 

• 1981-82 54.0 

1982-83 65.9 

1983-84 80.4 

1984-85 98.0 

1985-86 117.6 

198E-87 141.l 

1987-88 169.3 

1988-u9 203.2 

• 1989-90 243.8 

1990-91 292.6 

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

markets for Indian glazed tiles include Bangladesh, 

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

Oman, Qatar, South Yemen, Saudi Arabia, UAE, and of 

late, even USSR. These together account for 6Q to 65 

percent of India's total exports. 

Construction activity in India's principal overseas 

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

demand for Indian glazed tiles. Our discussions with· 

major exporters and the Chemical and Allied Products 

Export Promotion Council /CH:ENPEXIL/ reveal that 

Indian exports of tiles are expected to grow 20 

percent per annum during the next decade. Accordingly, 

based on current prices, these exports are estimated 

at 22,000 tonnes in 1990-91 • 

Table ~.4 

Projections of Indian Exports of Glazed Tiles 

/Thousand Tonnes/ 

Year Estimated Year Estimated 
Exports Exports 

1981-82 4.30 1986-87 10.10 

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 1990-91 22.00 

134 



LICENCIA, Budapest 

page 
oldal 
Seite 

• 

• 

3.2.3 Exports 

Glazed tiles from India are exported to nearly 

40 countries. During the past 6 years these exports 

have been fluctuating. For instance, during the 

first three years /1979-80 to 1981-82/ exports 

quadrupled; in the following two years exports 

declined but in 1984-85 exports picked up once 

again. Over the past six years, the average aruiual 

growth ~as been of the order of 25 percent. Annaul 

export performance is tabulated below: 

Table 3.3 

Indian Exports of Glazed Tiles During 1979-80 to 1984-85 

/Tonnes/ 

Year Exports 

1979-80 661 

1980-81 11,327 

1981-82 27,732 

1982-83 5,421 

1983-84 1,623 

1984-85 3,591 

Source: Based on Annexure C 
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3.3 Availability 

3.3.1 Sturcture of Glazed Tiie Industry 

1. 

2. 

~ _,.. 

4. 

5. 

6. 

All-India 

There are five units in the organised sector engaged 

in the manufacture of glazed tiles in the country. 

In addition, 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 the market are given below: 

Name of Unit 

H&R Johnson /India/ Ltd., 
Bombay 

Bombay Potteries & Tiles Ltd., 
Bombay 

Pastern Ceramics Ltd., 
Bombay 

Parshuram·Pottery Works Co. Ltd., 
Wankaner /Gujarat/ 

Somany Pilkington's Ltd., 
Rohtak /Haryana/ 

Small Scale Sector Uni ts 

%age share 
of market 

60 ;,,.: 
1J 

8 % 

7 ~·6 

7 % 

5 ~~ 

13 56 
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It will be noted that the industry is localized 

in the states of ~aharashtra, Haryana and Gujarat. 

One more unit in Rajasthan is likely to come on 

stream with an installed capacity of about 12,000 

tonnes per annum. Moreover, as stated below, four 

units are also likely to be set up in the state 

of Andhra Pradesh • 

It is significant to note that the manufacture of 

Glazed tiles upto size 10 cm x 10 cm is now reserved 

for exclusive development in the small scale sector; 

3.3.2 Capacity and Production 

• 

All-India 

The installed capacity of the existing five units 

in the organized sector has gone up from 45,000 

tonnes in 1972 to 59,900 tonnes in 1981. Similarly, 

production of tiles by these units has 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 and 

production are tabulated in Annexure n. 
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An additional capacity of 119,700 tonnes has been 

approved by the government under various letters 

of intent/industrial licences. Out of this, a capacity 

of 32,000 tonnes is expected to materialize in 1984-

85, and additional 48,000 tonnes by 1990-91. This, 

in 1990-91 the installed capacity of the organized 

sector will be raised to 140,000 tonnes. Assumin8 

capacity utilization of 95 percent, production of 

glazed tiles is expected to be of the order of nearly 

133,000 to1mes in 1990-91. Annual projections of 

capacity and production are given in the following 

table: 

Table 3.5 

Estimated Capacity and Production of Glazed Tiles During 

1981 to 1990 

LThousand TonnesL 
Estimated Estimated F.stimated Estimated· 

Year Capacity Production Year Capacity Production 

1981-82 59.90 56.98 1986-97 106.00 100.70 

1982-83 69.00 65.00 1987-88 114.0G 108.30 

1983-84 80.00 76.00 1988-89 122.00 116.00 

1984-85 92.00 87. 40 1989-90 130 .oo 123.50 

1')85-86 99.00 94.05 1990-91 140.00 133.00 
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3-4 Market Potential 

Th~ gap between estimated demand and supply of glazed 

tiles represents the market potential for r~ow entrants. 

As shown in the following table, this gap works out to 

around 18,000 to1mes in 1984-85 which is expected to 

reach the staggering level of approximately 180,000 

tonnes in 1990-91 unless additional capacities are set 

up durin~ the intervening period to bridge this gap • 

Table 2.6 

Estimated Demand-Supply Gap in Glazed Tiles. 

All-India 

Year Demand Supply Gap 

1984-85 105.5 87.4 18.1 

1985-86 126.5 94.0 32.5 

1986-87 151.8 100.7 51.1 

1987-88 182.2 108.3 73.9 

1988-89 218.6 116.0 - 102.6 

1989-90 261.5 123.5 - 138.0 

1990-91 314.6 133.0 - 181.6 

Source: Eased on Tables 3.1 and 3.5 and sub-section 3.3.2 
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3.5 Prices 

The prices of 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 

60 percent • 
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4. Rc·ofing Tiles 
---------------

4.1 Intr~~uction 

Mangalore pattern clay roofing tiles were first 

developed in r'1angalore in 1865 by German Missionaries. 

These tiles are of the interlocking type and are most 

popular in the coastal states, mainly amongst the 

poorer people to build houses and sheds. An essential 

feature of these tiles is that the overlap of the 

upper row exactly fits the grooves of the lower row. 

I'ioreover, for locations subject to heavy rains, 

provision is made for wirin~ the tiles to the batt~ns 

to secure them against any heavy gale or storm. The 

weight of 100 sq. ft. of roofing tiles is approximately 

700 lbs. /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: 

't.~141 
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- resistance to heat, 

- high breaking strength, and 

- perfect fit and elegant appearance. 

4.2 Types of Hoofine: Tiles 

These tiles are produced in a variety of forms to suit 

different req~irements and pockets. These types are: 

a Fort roofincs 

b Truss roofings 

c Basel mission roofings 

d Taylor tiles 

e P..id.ge tiles 

f Taylor·ridges 

g Ceiling tiles 

h Floorine; tiles 

i Terrace slabs 

j Hourdis 

Details 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 the 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 

Estimated Total Demand for Roofing Tiles 

/Million numbers/ 

Year Domestic EAports 1.rotal 
Demand 

1984-85 2,260.0 8.0 2,268.0 

1985-86 2,490.0 8.3 2,498.3 

1986-87 2,740.0 8.5 2,748.5 

1987-88 3,010.0 8.7 3,018.7 

1988-89 3,310.0 9.0 3,319.0 

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 roofing tiles are not documented. 

Popularity of thes tiles, particularly in r~ral 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 

Ka:rnataka and Andhra Pradesh. It is estfmated that 

future demand for these tiles · . .,ill 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. 

Table 4.2 

Estimated Domestic Demand for i-:oofing Tiles Durin,g 1983 to 1990 

LMillion NumbersL 

Year Estimated Year Estimated 
Demand Demand 

·1983-84 2,060 "1987-88 3,010 

1984-85 2,260 1988.:.89 3,310 

1985-86 2,490 1989-90 3,640 

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

Roofing tiles are exported to surrounding countries 

of South :i;ast Asia and rHddle East. Export data for 

the past six years is tabulated in Annexure F. It 

will be noted that in view of the mounting 

transportation costs and exports of these tiles 

have not exceeded 8 million in numbers. Moreover, 

since the use of these tiles in surrounding countries 

is preferred by the people of Indian origin only, 

exports in future are unlikely to increase substantially. 

Nearly 90 percent of these tiles are exported to 

Kuwait and Sri Lanka where Indians from Southern 

coastal states have settled. Not more than 10 million 

numbers of these tiles are expected to be exported 

in any year durine the next decade. 

4. 4 Avai 1.abili t;y 

All-India 

Facilities for the manufacture of these tilr!S are 

concentrated in the State of Kerala which alone has 

about 500 factories in the organized sector manufacturing 

these tiles most of whom conform to ISI Standards. 

'rhese are in addition to a large number of small scale 

units which bring out sub-standard roofing tiles. The 

state of Karnataka has a lil'"". d number of factories. 

In Andhra Pradesh, the uni ts :~: · "''>Stly in the small 
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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 fuel; 

- river facilities; and 

- availability of local artisans who enjoy inherited 
skill 

Production of these tiles during the past four years 

has almost doubled. In 1982 total production was of the 

order of 1,871 million as against 885 million numbers 

in 1980, registering 28.5 percent annual growth. 

The Western India Tile Manufacturers' Association is 

of the view that existing manufacturing units are 

equipped with the necessary facilities to turn out 

nearly 2,500 million numbers of these tiles. Thus, 

unless new large scale units make their entry, future 

production of these tiles in 1990 may be assumed to · 

centre around 2,500 million numbers. Annual availability 

in the next decade is shown in Table 4.4. 
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Production of Roofing Tiles Durin~ 1980 ··to 1983 

LNillion NumbersL 

State 1980 1981 1983 1983 

Kerala 825 1,150 1,400 1,750 

- Organized sector 600 850 1,000 1,250 

• - Unorganized sector 225 300 400 500 

Karnataka 40 22. 67 .§.2. 

- Organized sector 30 40 50 65 

- Unorganized sector 10 15 17 20 

Andhra Pradesh 20 £2. 2Q ~ 

- Or5anized sector 

- Unorganized sector 20 25 30 36 

• Total 885 11220 11421 11811 
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Table 4.4 

Estimated Availability of Roofin~ Tiles During 1983 to 1990 

Year 

1983-84 

1984-85 

1985-86 

1986-87 

Estimated 
Production 

1,940 

2,000 

2,080 

2,150 

..4.:..'i Market Po ten ti al 

/Million Numbers/ 

Year 

1987-88 

1988-89 

1989-90 

1990-91 

Estimated 
Production 

2,230 

2,300 

2,400 

2,500 

The gap in demand over estimated availability of roofing 

tiles in the country is expected to grow from nearly 

420 million numbers in 1985-86 to 1,500 million in 

1990-91. 
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Table 4.5 

Estimated Demand-Supply Gap in Roofine Tiles 

All-India 

/Million Numbers/ 

Year Demand Supply Gap 

1984-85 2,268 2,000 269 • 1985-86 2,498 2,080 418 

1986-87 2,748 2,150 598 

1987-8!3 3,019 2,230 789 

1988-89 3,319 2,300 - 1,019 

1989-90 3,649 2,400 - 1,249 

1990-91 4,010 2,500 - 1,510 

• 
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5. Floor Tiles 
------------

5.1 Introduction 

Floor tiles are used in almost every building, 

particularly in urban areas. There are three main 

categories of these tiles: 

a National Stone Tiles: These include 

- Cuddapah Slabs 

- Tandur Slabs 

- Lime Stone 

- Marble and.1-iarble Silt Type 

b Cement-based Tiles: These include 

- Cast in Situ 

- Mosaic Tiles 

- Gray Tiles 

c Ceramic tiles which are made with ordinary 

clay presently in vogue in Kerala and Tamil 

Nadu. 

This section deals with the second category, viz., 

cement-based tiles used as floor and wall tiles. 
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5.2 I:emand 

5.2.1 Total Demand 

Total demand for cement /floor/ tiles is expected to 

increase to :the level of 230 ,000 tonnes in 1985d6 

and 450,000 tonnes in 1990-91. 

Table 5.1 

Estimated Total Demand for Cement /Floor/ Tiles During 

1984-85 to 1990-91 

/Thousand Tonnes/ 

All-India 

Year Domestic Exports Total Demand 

1984-85 210 2.2 212.2 

1985-86 230 2.2 232.2 

1986-87 270 2.5 270.5 

1987-88 295 2.5 297.5 

1988-89 340 2.7 342.7 

1989-90 390 2.8 392.8 

1990-91 450 3.0 453.0 
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All-India 

On an average cement tiles comprise nearly 25 percent 

.of the total plinth area, mostly in urban areas. 

60 percent of the plinth area is covered by stone 

tiles, 10 percent by PVC tiles and the remaining 

5 percent by other types of tiles • 

Official statistics of the demand for floor tiles or 

the plinth area are not published in the country. 

However, our discussions with the All India Tile 

Manufacturers' Association, Bombay and the largest 

manufacturer-exporter cf these tiles /NITCO, Delhi/ 

in the country have revealed that a·t present 

consumption of cement tiles is approximately 192,000 

tonnes and that annual growth in these requirements 

during the past five years has varied between 7 to 

10 percent. Based on these discussions, annual 

demand data of the cement tiles during 1980 to 1984 

are shown in the following table. 

. 152 
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Table 5.2 

Estimated ~omestic Requirements of Cement /Floor.tiles/ 

1980 

1981 

1982 

1983 

1984 

Year 

/Thousand Tonn•3S/ 
Estimated Domestic 

Demand 

130 

140 

150 

170 

192 

Past consumption of these tiles could not register 

high growth mainly due to the constraints in the 

availability of cement in the country. This situation 

is likely to improve dring the Seventh Plan Period • 

Accordingly, the Tile Manufacturers' Association is 

hopeful that a 10 to 15 percent aIUlual growth will be 

reeistered during the next decade. This growth in 

demand is most likely to materialize as construction 

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 I-Omestic Demand for Cement /Floor/ ~iles. 

During 1984-85 to 1990-91 

LThousand TonnesL 

Year Estimated Domestic 
Demand 

• 

1984-85 210 

1985-86 230 

1986-87 270 

1987-88 295 

1988-89 340 

1989-90 390 

1990-91 450 

s~.2 .•. 3 _Exports 

Exports of cement tiles are insignificant and 

are of recent origin only. As shown in the 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 Middle Eastern 

Countries to utilize their local clay for this purpose. 

According to the views expressed by the larges exporter 

of these tiles, future exports are unlikely to exceed 

3,000 tonnes in any year. 
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Table 5.4 

Indian Exports of Cement /Floor/ Tiles 

Destination 

Bahrein 

Belgium 

Iraq 

.Qatar 

Ethiopia 

Kuwait 

Oman 

Saudi Arabia 

Sri Lanka 

UAE 

Yemen Arab Rep. 

USSR 

5.3 Availability 

All-India 

1980-81 1981-82 

253 255 

79 

780 

66 

36 

90 80 

238 1,407 

.·0 

580 118 

59 

48 

LTonnesL 

1982-83 1983-84 

26 

50 

292 

15 

30 

65 

3 

There are about 2,000 units in the country manufacturing 

cement /floor/ tiles. The industry is concentrated in 

the following cities: 
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Location Number of Uni ts 

Bombay 100 

Ahmedabad 100 

Bangalore 60 

Morwi /Gujarat/ 50 

Hyderabad 40 

Madras 20 

Delhi 10 

The average capacity of these units is nearly 35,000 

tiles per annum, eaah tile weighing about 3.2 kg., 

in the size range of 25 cm x 25 cm. Since. no industrial 

licence is required for setting up these units in the 

Small Scale Sector, information about their expansion 

plans or setting up of new units is not documented by 

any agency. The growth in production of these units in 

the next decade will be approximately 7 to 10 percent 

as the units are already operating at near full capacity 

utilization. Following table provides an idea of the 

estimated production of cement tiles in the next few years. 
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Table 5.5 

Estimated Availability of Cement /Floor/ Tiles DurinG 

1984-85 to 1990-91 

Year 

1984-85 

1985-86 

1986-87 

1987-88 

1988-89 

1989-90 

1990-91 

5.4 Market P.Jtential 

All-India 

/Thousand Tonnes/ 
Estimated Production 

All-India 

210.o 

224.7 

247.2 

272.0 

299.2 

329.1 

362.0 

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 1990-91. 

157 
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Table 5.6 

Estimated Demand-Supply Gap in Cement /Floor/ Tiles 

During 1985-86 to 1990-91 

/Thousand Tiles/ 

All-India 

Year Demand Supply Gap 

1985-86 232.2 224.7 7.5 

1986-87 270.5 247.2 - 23.3 

1987-88 297.5 272.0 - 25.5 

1988-89 342.7 299.2 - 33.5 

1989-90 392.8 329.0 - 63.8 

1990-91 453.0 362.0 - 91.0 
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Annexure A 

List of Parties and Agencies Contacted 

New Delhi 

1 All India Brick and Tile Federation, New Delhi 

2 Chemicals and Allied Products Export Promotion 
Council, New Delhi 

3 Central Public Works Department, New Delhi 

4 Central Road Research Institute, Okhla, N~w Delhi 

5 Development Conimissioner, Small Scale Industries, 
New Delhi 

6 Directorate General of Technical Development, 
New Delhi 

7 Housing and Urban Development Corporation, 
New Delhi 

8 India Investment Centre, New Delhi 

9 Indian Standards Institution, N.ew Delhi 

10 National Building Organisation, New Delhi 

11 NBOC Mechanized Brick Plant, New Delhi 

12 NITCO Tiles, Delhi 

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 

CaEacity and Production of Glazed Tiles · 
in India Luring 1961 to 1981 

/Thousand Tonnes/ 

Year Installed Capacity Production 

1961 7.98 4.68 
1962 7.98 5.52 
1963 7.98 5.96 
1964 7.98 6.67 

1965 7.98 6.59 
1966 7.98 8.13 
1967 9.04 11.98 
1968 8.24 14.00 

1969 8.24 17.66 
1970 8.24 16.64 
1971 21.12 20.70 
1972 45.00 25.00 

1973 45.00 26.70 
1974 45.00 29.10 
1975 45.00 24.49 . 
1976 45.82 ' 36.75 

1977 45.82 42.09 
1978 N.A. 41.78 
1979 N.A. 44.17 
1980 N.A. 51.90 
1981 59.90 56.98 

Sources: 1 "Guidelines !or Industries", Ministry 
of Industry, New Delhi 

2 Indian Ceramic Society, Bombay 
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Annexure C 

Indian Exports of Glazed Tiles by Destination 

Destination 1979-80 1980-81 1981-82 1982-83 

Australia 63 
Bahrein Island 81 578 381 242 
Ethiopia 76 4 92 
Kenya 33 71 705 219 

Kuwait 53 2,168 723 88 • Mali l 
Nepal 14 94 24 261 
Nigeria 4 273 

Oman 1,668 3,207 961 
Qatar 53 935 2,266 48 
Saudi Arabia 467 6,824 1,112 
Seychelles 12 10 7 

Singapore 141 6 
Somalia 6 
Sri Lanka 50. 
Tanzania Rep. 44 61 50 

UAE 37 4,802 11,330 1,169 
USSR 255 96 
Yemen Arab Rep. 35 136 220 677 • Malaysia 25 75 

Iraq 12 
Malawi 62 
Bangladesh 26 94 54 
Mauritius 2 

USA 167 
Uganda 33 
Muscat 68 -· Yemen P. Rep. 51 82 38 
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1983-84 

27 
8 

80 • 

43 

43 

464 
10 
85 
12 

18 

320 

154 
156 

61 
136 

56 

13 

...... 4-· .. 

1984-85 

18 

471 

228 
80 

392 

25 
:: .) 

34 

697 
339 

8 
13 

60 

54 
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Destination 1979-80 1980-81 

Zambia 101 
France 
Iran 
Japan 

Philippines 
Sudan 
Thailand 5 
Afghanistan 21. 

Italy 
New Zealand 
Netherlands 1 

• Pakistan 27 

Total 661 11 1 327 

• 

1981-82 1982-83 

··149 
992 

21 

10 
86 

1 

271732 51421 
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1983-84 

1.623 

162 

1984-85 

15 

9 

53 
30 
22 

21591 
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Annexu.re D 

Tyyes of Roofing Tiles 

a Fort Roofings: These are meant for buildings with 

double interlocking. They can withstand every test 

for strength, reliability and weather worthiness. 

They are designed in such a manner that there is no 

possibility of leakage. Their average size is 417 x 261 mm. 

Thair breaking strength is 120 kg in a wet state. They 

cover an area of 100 sq. metres requiring 1,300 numbers. 

One thousand of these tiles occupy a bulk volume of 3.5 

cubic metres. 

b Truss Roofings: 120 numbers are required for 100 sq. 

ft. /9.29 sq. metres/. Their breaking strength is 

104 kg. One thousand of these tiles weigh 2.79 tonnes. 

Their size is 417 x 255 mm. These tiles may be laid 

straight or breaking joints. ThP.ir water absorption 

capacity is 18.5 percent. One thousand of these tiles 

have a bulk volume of 3.4 cubic metres. 

c Basel Mission Roofings: To cover 100 sq. ft. on a 

reeper sp~cing 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 mm and water absorption 

19 percent. One thousand of these tiles will have a 

bulk volume of 3 cubic metres. These tiles can be used 
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on reeper spacing from 124 11 to 134". They are suitable 

for laying both straight and breaking joints. 

d Taylor Tiles: These are smaller tile3 with an overall 

length of 114 11 • They are laid on a reeper spacing of 

e 

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 • 

Ridge Tiles: 16 11 long tiles, as they are, weigh 3.4 kg. 

each. Each tile covers 2 flat tiles on each side of the 

ridge. 280 numbers of these tiles are required for 

100 sq. metres of area. 

f Taylor Ridges: These are used along with Taylor tiles 

and are semi-circular in shape. 184 11 in length, 260 

ridges are ~equired for 100 running metres. Their 

bulk volume is 4 cubic metres. 

g Ceiling Tiles: Along with Hangalore tiles over them, 

.ceiling tiles form a cheap, effective, and simple 

double roofing system with air space between them. 

They cover the same area as roofing tiles and als~ 

create a pleasant temperature in the room. 
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h Flooring Tiles: These are used in houses, godowns and 

factories. These are supplied in sizes of 9" x 9" and 

611 x 611 • Straight or diagonal halves to suit both the 

sizes are also supplied. 

i Terrace Slabs: These are made from ta:rracotta insulting 

materials, and are in the size of 10" x 5"-.x 4". 

300 numbers of these tiles cover 100 sq. ft. They 

weigh one kg. each' and are used as inexpensive pavement 

and flooring for bar becues, porches, barns 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 

strength. These slabs can bear a load of 226.8 kg. per 

sq. f. uniformly distributed. Their other advantages 

are: resistance to heat a.nd light in weight; strong 

and durable. These are made in sizes of l"x9"x3 11
, 

2 "x9 "x3" and 24"x9" x3". 
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Indian Exports of Roofing Tiles by Destination 

LThousand NumbersL 

Destination 1979-80 1980-81 1981-82 1982-83 1983-84 

Bahrein Islands 30 
Iraq 
Kuwait 718 919 3,189 589 471 

• Maldiv Island 8 1 ~ 

Nepal 314 231 40 446 
Oman 212 20 30 
Qatar 34 599 534 219 158 
Saudi Arabia "160 2,496 130 

Sri Lanka 2,514 1,978 
UAE 641 202 1,511 541 363 
Yemen Arab E.ep. 36 
Bangladesh 35 120 20 

Italy 190 24 113 
Philippines 69 
Nigeria 30 
Muscat 195 

• Egypt 136 
Zambia 170 

Total 2.~98 2.1r~ 8174 41240 31624 
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1984-85 

50 
11 

3,566 
60 

28 
56 
78 

169 

3,380 
346 
100 

7,844 
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