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Explanatory notes 

The mioneta~ unit in Zillbabwe is the dollar <Szia). 

Referen~es to tonnes (t) are to .. tric tonnes. 

llention of th£ names of f iras and c01111ercial products does not iapl~ 
endorsemient b~ the United Wations Industrial Development Organization (UlllDO). 

• 
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ABSTRACT 

Within the context of the large-scale project "Strengthening of govera11ent 
support services in the non-11etallic ainerals sector" (DP/ZDl/83/006). an 
expert in production and technolo'7 of ceraatcs was assigned to the project 
for a period of six months. starting in June 1985 • 

The purpose of bis aission was to evaluate existing ceraaic products and 
to recoamend .. asures for qualitJ iaprov ... ~t and product diversification; to 
train local c~unterparts in ceraaic technologies and lecture on certain topics; 
and to identifJ training needs and recCMlll&nd suitable training progr...as for 
local staff. 

The expert appraised the raw .. terial situation and the existing fine
ceraaic industt'7. established the properties of local raw materials in a 
series of test• and. based on the results. developed and tested new 
CCJllPOSitions of bodies and glazes for sanitarr ware. porcelain insulators 
and wall tiles. 

The exaained raw aaterials were found to bt., s~itable for product 
diversification and an expansion of the ceraaic industt'7. and the expert .. tes 
detailed recCM111&ndations to that end. To substitute the iaport of glazes for 
wall tiles and tsblevare bJ locallJ produced glazes. br ~ec01m1ends to continue 
research 4Dd to provide equipment for frit firing as well as additional 
equipment for the ceraaic laborator)'. 

The expert trained the local laboratot'7 staff in the testing of fine
ceraaic raw aaterials. bodies and glazes. gave a series of training sessions 
in ceraaic technologJ and recOllll8nds the further training of at least one 
staff of th~ laboratot'7 through a fellowship. 



- 5 -

WltiiIS 

'ImT'IOooct109 ........................................................ . 6 

m.umilDATIOllS ....................................................... 7 

Chapter 

I. AC?IVl'tlES .&llD OUtPU'tS 8 

A. the rav aaterial situation................................ 8 
B. Evaluation of the existing fine-ceraaic indu•try •.•••••••. 8 
c. technological research wort............................... 9 
D. The status of the pilot plant •••••••••••••••.••••••••••••• 13 
E. Ad-hoc assistance to local manufa.cturer• • • • • • • • • • • • • • • • • • • 14 
F. training in ceraaic techaolo~ ••••••••••••••••••••••...••• 15 

11. UTlLIZATIOll OF 'tllE RESULTS ••••••••••••.•••.••••••••••••••••••. 16 

111. COllCLUSIOllS 17 

1.. . Job de~~ •••••••••••••••••••••••••••••••••••••••••••• 19 

II. 
- -:-.:-.. 

lqui~~~·listed in the project document •••••••••••••••••.••• 20 

III. lquip1111nt received under the project ••••••••••• : .•••••••••••• 21 

IV. Tested raw 11a,te-rial• ........................................ . 22 

V. Properties of casting slips. bodies and glazes for 
1ani tar, ware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

·-, 

VI. PropertieS-Q{bQclies and glazes for porcelain 
electric" ia.1alatorl. ........... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

VII. Properties of porcelain bodies fired to different 
te111t9rature1 ................................ , . . . . . . . . . . . . . . . . 26 

VIII. Properties of wall-tile bodies 27 

IX. Properties of wall-tile bodies fired to different 
temperature• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 28 

X. Properties of Zillbabveaa vall-til• be>cli•• and glaze •••••••••. 29 

U. •~ope rt l•• of f rl t• glazes ...... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

XII • .ldditional equipment for the pilot plant ••••••••••••••••••.•• 31 

XIII. Spare part• for tb• pilot plaat equi(lllent ••••••.••••••••••••. 32 

&IV. 1..,1. l.01 •h••t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

xv. Curriculua of traialag la c•raalc tecbaologr ••••••••••.•••••• 40 

XVI. Additional labJ:)ratorJ fCJUipa....~at ••••••••••••••••••••••.••••••• 41 



- 6 -

Dl'tRODUC'fiOR 

The Zillbabwean authorities are aware of th~ •.realth of differf nt non
•tallic ainerals that exist in the countl"J. Th• DIDO project 11'·'rocessing of 
ores of light non-ferrous •tals" (SI/ZDl/821801'1 drew the attention of the 
Ziababwean Government to the possibilitJ of lndu,.•riallJ exploiti.ng those 
resources which aight be utilized nnt oalJ in t:te edsting induslcries as 
substitutes for imported raw aa.terials, but al~o as ~ basis for new industrial 
activities in Zi'ababwe. 

The i-4iate objectives of the present projt<.•:t, '"Strengthening goveru.ent 
support services in the non-aetallic •inerals sector~ CDP!Zlll/831006) the 
project docU111ent of which was signed in Juoe 198•, were to assist in: 

(a) The further strengthening of the alreadJ developed capabilitJ of the 
laboratories of the Depart.at of lletallu~ in the qualitative ~nd quantitative 
testing of non-aetallic ainerals; 

(b) The illRediate utilization of loca11J available resources for an 
increased and diversified production of the existing industries, specificallJ 
the ceraaics industry; 

(c) The establishllent of an information base for the industries 
concerned, and the creation of a s1st ... tic non-aetallic ainerals inventory 
for that purpose. 

In order ~o achieve those objective~. the inputs bJ UJIDP and DIDO included 
variou• services and equip11ent, and the ~aaig1111eat of the expert in production 
and tecbnologJ of ceraaics (post •o. 11-02) was one of the expert services 
rendered. During his aission of six 90aths, froa June ~o Decellber 1985, the 
expert was attached to the Dep~t.nt of lletallurgJ, !lini•trJ of lllnes. His job 
description is reproduced in annex I. 

The original UIDP input for equipment as indiC-'ted in the project docu.ent 
is given in annex II. Bovever, in the project budget the cost of onlJ a part 
of the equipment (see annex III) could be accom1110dated. ConsequentlJ, the 
pilot plant received onlJ three pieces of equipment, which are, in part, 
suitable for bodJ and glaze preparation. There is no pos•lbllitJ for shaping, 
drying, glazing and firing. 
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1. Tbe exaained local raw aaterials should be used bJ the existing ceraaic 
industr, as well as in new plants. 

2. The exist~ng ceraalc industry should diversiEJ its products, based on 
current processes, na91!tlJ: 

(a) Sanil:.r, ware production at ClaJ Products Ltd.; 

(b) Extruded tile production at Villsgrove Bricks and Potteries Ltd.; 

(c) Technical porcelain production at Worbel Potteries Ltd. 

3. The ex~riaental production of white glaze for saaitar)' ware froa clollestic 
raw -terials should be undertaken at the Depart.eat of lletalluri:;. If the 
results of those trials are positive, it aight be possible to stop the 
importation of white sanitar, glaze. 

4. If trials on an industrial scale are positive, existing wall-tile 
~ufacturers should introduce local brick cla1s in the CCJllPOSitioa of 
vall-t.lle bQdies to reduce the costs for raw -terials and ener&J. 

5. th~ ~~·•i~ilitJ of producing kiln furniture locallJ at ClaJ Products Ltd. 
shoult .,.,. exaaiaed. To that end, the suitabilitJ of d011estic talc and fire 
claJ ov,~t to be clarified. 

6. 'l.Httarch on glazes for wall tiles and tableware sh"uld be continued with a 
view to reducing their illp"'rtation. This requires tbe creation of suitable 
collditions for frit firing, at laborator, level, at the Depart.eat of lletallurgy 
and the verification of tbe possibility of industrial production at Zimglass Ltd. 

7. The possibilitJ of utilizing various waste materials (e.g. fly ash) in the 
ceraaic industr, should be investigated. 

8. To iaprove tbe perfo~ce of the ceraaic laborator, further equipment, 
listed in anaex XVI, should be provided. 

9. The future of the pilot plant should be discussed at tbe next tripartite 
review Meting. 

10. At least one staff of the local laboratol'J' should be trained for one 11eontb 
in the production of bodies and gl&zes for sanitar, ware, porcelain insulators 
e.nd wall tiles. 
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I. ACTIVlll'IS AID> OUTPUTS 

A. The raw aaterial situation 

For the production of fine ceraaic products (saaitar1 ware. porcelain 
insulators. tiles etc.) non-11etallic plastic and non-plastic raw aaterials are 
needed for the bodies. aad various .. tallic oxides aad ch .. icals for the 
glazes. The following of those raw aaterials are available in the country. 
i.e. theJ are being ained and sold: 

(a) Plastic .-&terials: ZT kaolin. Belt Bridge ba~l cla1. Bvange fire 
claJ. Gv&ai ball cla1; 

(b) •on-plastic aaterials: llistress silica, Bikita silica, silica from 
Gweru. llistress feldspar, Bikita feldspar, dolOllite. limestone, talc, kyaaite. 
Bikita petallite, a.uganese ore. chrome ore; 

(c) lletallic oxides and other ch .. icals: ZaO, Sn02 1 PbO, •ar:c>3. 
borax. 

The plastic raw aaterials are ailled but not washed. The non-plastic raw 
aaterials, except the ore1, are crushed aad •illed. In addition, there are 
some raw aaterials alned and used locallJ such as Rutendo refractory clay, 
Chiredzi flint claJ and various brick clays (Willsgrove, lit. Haapden), and a 
few others mined onlJ froa ti• to ti• ('l&dOll& kaolin, lhtde kaolin, new 
kaolin). 

On exaaination ~f these raw aaterials two aspect~ were of main interest: 

Ca) The quantitl' aad quality of the dOMstic and imported r .. w aaterials 
used by the existing ceraaic industrJ, considering the possibilitJ of reducing 
importation; 

(b) Further possible applications of available domestic raw aaterials in 
the fiae-ceraaic industrJ, over and above the ones already beiag used. 

The answers bJ sis aain manufacturers to a questionnaire indicate that 
the importation of ceraaie raw aaterials is insignificant. Only SOll8 100 t/fear 
of plastic and non-plastic raw aaterial1 are imported, while the consuaption 
of d011e1tic raw aaterials is about 4,000 t/7ear 1 including the requir ... nts of 
the refractor, industr,. The value of glazes imported hJ the existing ~~raaic 
industry amounts to SZia 150,000-200,000 per 7ear. This sua ought to consist 
of several saaller constituents considering the wide range of colours used in 
the production of tableware. 

To investigate further applications of raw 11&terials 1 those listed in 
annex IV have been tested for composing sanitary-ware, porcelain-insulator and 
wall-tile bodies. However, the tested raw materials were onl~ such which ar' 
regularlJ mined and prepared to SOiie degree. There are still m.~J occurrenc2s 
of other ceraaic raw 11&terials in the countr, 1 tbe applicability ~~ which 
should be investigated in the future. 

B. Evaluation of the existing fin•-c•~aalc induttrJ 

q. agd W. Indutt£i&l lleetalt. Btr&[e 

This coapanJ ls prActicallJ the onlJ one whleh bur~. prepare• and sells 
various eeraalc raw .. terlals. Present annual sales are about 7,000-7,200 t, 

.. 
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of which less than 100 t are sold to the ceraaic industry. while the aain 
part is consuaed by the paper, rubber, paints and coS118tics industry. The 
equipmC;tnt of G. and W. is suitable for crushing, dry-ailling, classification 
and pacti:ig of plastic and bOn-plastic raw aaterials. 

Clay Products Ltd., Bulawayo 

This coapany produces aainly normal-dut1 refractorie~. but also 
earthenware pipes, fittings and flower pots. 

Recently they started to produce sanitary ware on an experimental basis, 
using d011estic raw aaterials in the casting slip. The glaze is iaported. 
They 911Ploy a few stilled vorblen for shaping and have one electrically heated 
to~hat tiln for firing. 

The laboratory is basically suitable for perforaing raw aaterial tests, 
production and product control. BJ manufacturing sanit&rJ ware it is intended 
to increase the output of the kiln step by step. There is a possibility to 
iaprove the casting properties of the slip and to substitute the iaported 
white glaze by a d011estic one. 

Willsgrove Brick and Potteries Ltd., Bulawayo 

At this compan1 there are lllDre profiles for producing bricks, tableware 
and extruded tiles. Dollestic raw aaterials are used for the bodies, but the 
glazes and the kiln furnitures are imported. Electrically heated to~hat 
kilns are used for firing. The coapany started a trial production of various 
technical ceraaics in order to substitute imports. 

The technologica_ potentiality of increasing the production of tabl'lVare 
and extruded tiles exists, but the shortage of iaported glazes makes it 
impossible. Th& local raw aaterials are suitable for transparent and opague 
basic glazes, but unfortunately no suitable kilns are available for firing 
frits to a temperature of l,380-1,420 •c. 

Borbel Potteries Ltd., Harare 

The company aanufactures tableware using dOll8stic raw aaterials for the 
bodies, and imported glazes and kiln furniture. For firing they have 
electricallJ heated to~hat kilns. The possibilities of substituting the 
import of glazes and kiln furniture are the .... as .. ntioned for Willsgrove 
Ltd. SOiie equipment and the professional stills of the staff would permit 
product diversification, e.g. the production of technical porcelain. 

Stewart Tiles Ltd •• Harare 

That small compan1 produc•s wall tiles. The raw tiles are .. nufactured 
by aanually driven fly-presaes, dried and fired in electrlcallJ heated driers 
and kilns. The press pcwder, the iaported glaze and the tiln furniture c ... 
frOll a aanufacturer vbo recently closed down. At present a drua aill, a 
filter press and an edge-runner aill are being put into op•ration to aanufacture 
press povder. A glazing conve1or belt and a ch .. ber tiln are under construction 
to increase the production. The possibilities of producing glazes and tiln 
furniture locally are th• s ... as .. ntioned for Willsgrova Ltd. 

c. techpological ~•••arch wort 

The raw mat•rials listed in anaes IV, to be used in bodies and glazes for 
sanitary ware, porcelain electric insulators and wall tiles, have been tested, 
usinc the following testing sethods and equipment: 
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(a) ch .. ical analysis; 

(b) Kineralo,ical tests by DTA (Betzsch); 

(c) Grain size analysis of the non-plastic raw .. terials by laboratory 
sieving 11&chine, 53-100 µa; 

(d) Particle size analysis of the plastic raw aaterials by a Waraan 
cyclosizer. 0-75 ~·; 

(e) Viscosity .. asurement of clay and casting slips for sanitary ware by 
the so-called tube systea and by Brookfield's viscometer; 

(f) Deteraination of casting rate (wall thickness) of plastic raw 
.. terials and slips for sanitary ware; 

(g) Deteraination of plasticity by the Pfefferkorn method; 

(h) Deteraination of water vapour absorption of plastic raw .. terials; 

(i) Determination of linear shrinkage after dr)'ing and firing; 

(j) O.teraination of bending strength of dried and fired bodies bJ 
bending strength tester (Wetzsch); 

Ct> thermal expansion of various ceraaic bodies and glazes by a 
dilatOll8ter (9etzsch>; 

Cl) Determination of water absorption; 

Ca> Deteraination of bulk density; 

Cn) Autoclave tests on glazes. 

Bodies and glazes for sanitarx ware 

Sanitary appliances such as wash-basins, water closets, urinats, bidets 
and others are aade froa a aixture of clays and other minerals and rendered 
impervious to water by firing to high temperatures. Vitreous china sanitary 
ware is coated on all surfaces exposed to view in normal use with an 
impervious glaze giving a smooth, shinJ, white or coloured finish which is 
durable and easf to clean. 

The following process sequence is typical: preparation of casting slip, 
shaping by casting in plaster 110ulds, drying, glazing and firing. 

The tests were aimed at achieving the following: 

(a) Usage of only domestic raw materials in bodJ and glaze; 

Cb) A litr~-weight of the casting slip of 1,740-1,780 g/l; 

Cc> A casting rate of the slip of 8-9 ma/90 seconds; 

Cd) A water absorption after firing to 1,240-1,260 •c of O.S-lf.. 

BJ .. •ting those requirements, production according to int•rnational standards 
would be ensured. 
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Based on the results of the cheaical anal1sis the rollowing raw aaterials 
were used in testing the CCJllPOSition of bodies and glazes for sanittrJ ware: 
ZT kaolin, Rvange fire-cla1 1 Beitbridge ball claJ, llistress silica, !istress 
feldspar, Chiabaranga feldspar, li .. stone, ZnO ahd Sn02-

Prior to the preparation of the casting slips, the casting properties of 
the plastic raw materials i.e. the change in fluiditJ with various deflocculants, 
and the casting rates were to be deterained. The litre-weight of the basic 
slips was in the range of 1 1 300-1,500 g/l. As deflocculants Wa2C03, Wa2Si03 
and sodiua tannate (prepared bJ the expert) vere tested. The sodiua tannate 
proved to be the 11ast effective deflocculant for all clays. Tho optiaal 
quantities to be added to the various clafs vere established and a litre-
veight of 1 1 570-1 1 660 g/l was achieved. 

The casting r~tes of these cla1s were tested in plaster moulds prepared 
bJ the expert, applying casting ti .. s of 30, 60 and 90 ainutes, and the 
thickness and the moisture content of the walls were recorded. On the 
non-plastic raw materials the particle size di•tribution and the .. 1ting 
behaviours were ezaained bJ a firing test. 

On the basis of these resuits, eight coabinations w~re tested bJ 
ex.ainins the following properties: residue after ailling, litre-weight, 
thizotrop1 1 casting rates, moisture content of the bodies, linear shrinkage, 
water absorption and ruptur• after firing. The values of shrinkage and 
rupture were aeasured on extruded test pieces. The firing t911perature was 
1 1 250 •c, the soaking tiae 0.5 hours and the firing time 6 hours. After 
evaluating the results based on the average, control tests were aade on the 

.two best recipes. The results were satisfactor, and .. t the general 
technological requir8118nts. 

The opaque effect in glazes for sanitar1 ware can be achieved bJ 
application of tin oxide or zirconiua silicate, but none is produced 
cOllllerciallJ in Zimbabwe. 

The first recipe which contained, besides the domestic .. terials, imported 
tin oxide to about 10 per cent, yielded a good result. The possibilitJ of 
producing sao2 from flue dust and froa aetallic tin coaiag froa the local 
.. tal industr, has been ezaained. The flue dust is a bf-product in the 
production of metallic tin. BJ appr~priate handling of the flue dust, based 
on the results of D'tA and TG esaainations, suitable Sa02 has been prepared. 
Other Sn02 saaples aade froa .. tallic tin are also suitable for sanit&t"J 
glazes. The results obtained correspond t~ international standards in teras 
of brilliance, whiteness and good thermal shock resistance. 

As a consequence of those tests local aaaufacturers can be advised on bow 
to COllPOS• bodies and glazes for sanitar, ware containing esclusivelJ domestic 
raw .. terials. the various CCJllPOsitioas aad test results are detailed in 
annex v. 

Boclits agd glazes for pqrctlaip tlecsric ig1ylato£J. 

Porcelain •lectric lasulators, such as low- and hi1b-tensloa insulators, 
are made froa a •ixture of itaollns, clafs and otber alnerals aad rendered non
porous to water bJ firln1 to high tt11P9ratures. the appropriate cQ11pOsltion 
of tbe bodJ gu•rantees proper 1iecbanica1 and electrieal p~opertie1. BJ u1ia1 
1ult1blt 1lazes, tbe lnsulato~ operatlag properties can be improved. 
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The following process sequence is tJpical: foraing of slip. dehydrating 
bJ filter press or spray-drier. extruding or foraing press !>Otftl~r. shaping bJ 
throwing or pressing. drJing. glazing and firing. 

The tests were ailled at achieving the following: 

(a) Usage of only clollestic raw aaterials in boclJ and glaze; 

(b) A flexural strength after drJing of 2-3•t .. 2; 

(c) A water absorption after firing t~ 1.300-1.320 •c of O.Of.; 

Cd) A ainiaua flexural strength after firing (unglazed) of 50W/~2. 

This would ensure production according tc international standards. 

Based on the results of their cb .. ical anal1ses. the following raw 
aaterials were used: ZT kaolin. Beitbrldge ball claJ. Chiredzi flint clay. 
Kistress feldspar, Kistress silica. tJanite. Bikita feldspar. doloaite. 
clacite. aanganese ore, chr0118 ore. zno. fired porcelain debris. porcelain 
biscuit. The kJanite was calcined at 1.450 •c because of its vol1111& increase 
of 16-18'. during firin&. The kfanite and Cbiredzi flint clay were used to 
achieve higher flexural strength after firing. 

Pour different recipes were tested (see annex VI), by ex .. ining the 
following properties: residue after ~illing; plasticitJ; linear shrinkage and 
rupture after drJing; linear shrinkage. rupture and water absorption after 
firing. The values of shrinkage. rupture and water absor~tion were 11easured 
on extruded test pieces. The firing temperature was 1,320 •c. the soaking 
ti .. 0 5 hours and the firing time 6.5 hours. 

The values of bult density, rupture after firing and water absorption 
meet the requirements of international standards. Other technological 
characteristics such as plasticity, shrinkage after drying and firing and 
rupture after drJing satisfy the general technological requirements. The 
wlliteness of the bodies is below the international level, but this does not 
preclude thei~ practical application. The slightlJ different colour is fartlJ 
due to the properties of the used raw materials, but aainlJ a result of the 
fact that with the kiln at our disposal reducing conditions could not be 
achieved. 

It is 
period of 
densitJ. 
aate~~als 

~own that reducing conditions are necessarJ during a certain 
porcelain firing to achieve an appropriate colour and a high 
In spite of this problem, it is certain that the examined raw 
are suitable for producing porcelain insulator bodies. 

During research on brown and white porcelain glazes, the shortage of 
brown ceraaic stains and Al203 presented difficulties. Brown porcelain 
glazes usuallJ contain 5-lOf. of brown coraaic stains produced bJ a f ev 
specialized companies (Degussa, BlJthe Conlors, Romer etc.). To substitute 
th••• ceraaic colours, trials have been made with domestic manganese and 
cbrOIM ores. As for white glaze, the shortage of Al203 posed a problem, 
but eventually suitable brown and white glazes were developed. The different 
c011pOsltions and test results are detailed in annezes VI and VII. 

There was no possibility to examine the electrical properties. 
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Bodies and glazes for vall tiles 

Wall tiles are ~de frOll a aixture of cla7s and other a\nerals, and after 
gla&ing and firing theJ should be suitable frOll a hygienic and aesthetic 
viewpoint, to cover walls in bathrooms, toilets, kitchens, hospitals, preaises 
in the food industrJ etc. Tiles are durable, easJ to clean and the possibili
ties of colouring and decoratini; thea are wide. 

The ~sual process sequence is as follows: foraing a slip, dehJdrating 
and foraing a press powder bJ spra1-drier, shaping bJ pressing, dr,ing, 
biscuit 'iring, glazing and decorating before glaze firing. 

The 11&in technological goals to be achieYed were: 

(a) Usage of only domestic raw aaterials in bodJ and glaze; 

(b) A flexural strength after dr,ing of 5-711/ .. 2; 

Cc) A water absorption after firing ~o 1,000 •c of 15-207.; 

(d) A ther11&l expansion coefficient in the range 20-500 •c of 
7-8.10-6~-1. 

This would aeet the basic requirements and ensure production accoridng to 
international standards. 

The poasibilities of producing wall tile bodies was investigated because 
a pertaining request had been aade bJ a aanufacturer (Stewart Tiles Ltd.) and 
also b!car1se suitable raw materials are available. 

The following raw aaterials were used in the tests: lit. Raapden brict 
claJ, Rvange fire claJ, Beitbridge ball clay, li11estone, llistress silica and 
tiles' grog. Three different combinations were tested, examining the following 
properties: residue after ailling, litre-weight of the slip, linear shrinkage 
and rupture after dr,ing and firing, bult densitJ, tberaal expansion and 
autoclave tests on glazes. The values of shrinkage, rupture, water absorption 
and bult densitJ were measured on extruded test pieces fired to four different 
temperatures. Compositions and results are ;iven in annexes VIII and IX. 
The values of rupture after drying and firing, the porositJ and the theraal 
expansion meet the general technol~gical requirements. At present one of the 
compositions is being tested under industrial conditions. 

the main properties of the "old" and "new" tiles of the ~hove-mentioned 
manufacturer were determined aad the results are as shoWI!. in annex X. there 
are remarkable differences between the values of rupture after dr1ing c~ared 
with the results in annex VIII. 

Trials were made to produce tile glaze. Due to A lact of suitable firing 
possibilities for frits, an o\1-heated kiln fitted with a locallJ made burner 
was used, which made a precise control of the firing conditions impossible. 
The composition of the frit and glaze, as well aa som. properties of a white 
glaze, are given in annex XI. One coaponent of tbe frit, borax, is imported 
but is readilJ available. 

D. The statu~ of th• pil2t plant 

The equipment for th~ pilot plant li1ted in annex Ill has been installed 
and used frOll time to time. •evertbele11, one cannot Jet speat of a pilot 
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plant. because the available equipment will be useful for batch preparation in 
the fine-cer .. ic technololJ' only if it is supplemented by additional iteas 1 

such as tanks, aixers. aagnets, screens. PUllPS etc. The .:>st important 
equipment which can be produced locally was deterained (see •nnex III) and its 
aanufacture has started. A list of spare parts for the pilot plant equipment 
was also compiled and is reproduced in annex 'XIII CB). 

Once these suppl8118ntary it ... will have been put into operation, tbe 
pilot plant will still be suitable o~ly for producing ceraaic aasses. Further 
equipment for the fine-ce~aaic technology is needed for shaping, d~ying, 
glazing and firing. In accordance with the earlier project proposal, further 
equipment, listed in annex III (A) 1 will ~e needed in the future, the 90st 
important item being che 1113 oil- or gas-heated kiln. 

It is evident that tbe pilot plant is far f~oa being fully equipped and 
this situatign should be rectified as soon 's some knowledge and experience in 
laboratory wort on cereaic raw aaterials and technologie~ has been acquired. 

E. Ad-hoc assistance to local aanufacturers 

During the expert's aission useful contacts have been established with 
SOiie manufacturers who supplied basic information on the used raw materials 
and saaples for the research wort. parti~ularlJ with G. and W. Industrial 
Minerals, Rorbel Potteries Ltd., Clay Products Ltd., Stewart Tiles Ltd. and 
Willsgrove Brict and Potteries Ltd., and professional discussions were h•ld 
with some of them. 

During the regular consultation• with Stewart Tiles Ltd. it ••S proposed 
to: 

(a) Develop a new batch for a wall tile body based on a local brict 
clay. Semi-industrial trials are in progress with the new body; 

(b) Change the stowing system in the biscuit-firing kiln to reduce wast:e; 

Cc) Alter the so-called "feet" of tbe tiles to get better surf ace on 
them; 

(d) Alt9r the drying technology (control and change of the huaiditJ in 
the driers). 

The main properties of the tiles produced bJ tbat companJ (see anaex X) were 
d~termined, evaluated and discussed, and some practical advice was siven on 
the body preparation. 

During consultations with ClaJ Products Ltd., they were infot'IDCd of the 
test results with bodies and glazes for sanitary ware (annex V), and it •••ms 
that the casting properties of the newly developed bodies are better. Five 
ti!ograms of sanitarf glaze which was prepared during these activitie~ is now 
being tested bJ ClaJ Products Ltd. on an industrial scale. 

Korbel Potteries Ltd. asked the expert to Gontribute to their resea~ch 
wort oa glazes, particularlJ to give advice on firing to a lower temperature 
and on how to reduce their importation. Because of tb~ difficulties in frit 
firing, no practical help could be given. 
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Based on an assess .. nt of existing possibilities. testing and classifica
tion .. thods for ceraaic rav .. terials have been deterained. Tbe results of 
cbeaical, aineralogic&l and physical analyses bave been syst..atized and 
collected on siaple log sheets. in co-operation vitb tbe expert in testing, 
classification and evaluation of non-metallic ainerals. and tbe .. in properties 
of six plastic and four non-plastic rav ... terials bave been deterained in tbat 
way. A speciaen log sheet is reproduced in annex XIV. Tbe .. in testing .. thods 
needed for f ine-ceraaic bodies and glazes were also deterained. 

Five lectures v.re given to the local laboratory teaa on tbe principles 
of casting-slip preparation for sanitary-ware and wall-tile bodies. Advice 
was given on vet ch .. ical testing .. tho.:ls used in the laboratories of tbe five 
ceraaic factories. 

As a result of this syste11&tic work, the local laboratory teaa bas 
acquired basic knowledge in tbe application of ~aboratory testing .. tbods aud 
the classification of ceraaic raw tu.terials and bodies. 

F. Training in crraaic technology 

Three training sessions in ceraaic tecbnolo&J were given to the 
specialist selected froa tbe staff by the national project director. Tbe 
curriculum is given in annex xv. 



-----------------------------.-.,..~~--~-~--~------
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11. UTILlZATIOll OF tllE USUL?S 

The .. in results of the expert's activitJ are: 

(a) Bodies and glazes for: 

(i > Sanitary ware; 

(ii) Porcelain insulators; 

(iii) Wall tiles; 

were aade exclusivelr froa da.e~~ic raw 1A&terials (with the exception of borax 
for the frit); 

(b) The local laboratorr teaa gained experience in the application of 
technological testing methods for fine ceraaics. 

These results can be used as follows: 
. 

(a) The production of glazes for sanitary ware 11&J be initiated at Clay 
Products Ltd., depending on the results of current trials. The necessary 
prerequisite for a ... ll-3cale production of glazes exist at Department of 
lletallurgr. This glaze could substitute present imports; 

(b) The casting properties of the slips for sanitary ware would shorten 
the present casting time at ClaJ Products Ltd. and increase their capacity for 
shaping. A wider use of such casting slips will depend, first of all, on the 
quantity obt~!ned bJ trial production; 

(c) The test results with bodies and glazes for procelain insulators 
cannot be put to i-diate use at the preser.t tiae; 

(d) The wall-tile bodies need to be further improved in order to reduce 
their sensitivity to drying; otherwise the drying technology would have to be 
modified. Their introduction into manufacturing would significantly eut down 
raw uterial and energy costs (the firing temperature would be 140 •c lover 
than the present one); 

(e) There is no possibility of using the developed wall-tile glaze due 
to a l•ck of frit firing facilities. Would such facilities exist, the 
importation of glaze ~ould be considerably reduced and ~nargf costs saved 
(glost firing is 80 •c lover than at present); 

Cf) The experience gained bf the local l~boratory teaa in the testing of 
fine-ceramic raw materials, as well as in the testing and composing of bodies 
and glazes constitutes a sound basis for future research and for qualitJ 
improvement of fine-cer .. ic bodies and glazes. 

The most iaportant result is that the examined local r~w materials were 
found to be suitable for a diversification and further develop119nt of the 
fine-cera11ics industrJ. 



III. COllCUJSIOllS 

The following conclusions can be drawn froa the experience gained during 
the acthit1: 

1. The exaalned d011estic raw aaterials are suitable for the production of 
bodies and glazes for sanitary ware and porcelain insulators, as well as wall 
u:.e bodies. 

2. The properties of bodies and glazes for sanitary ware can be illprovecl 
further bJ: 

(a) Deteraination of the exact firing range and soaking ti .. ; 

Cb) Using for the bodJ non-plastic raw materials of correct grain size; 

Cc> Using nepheline syenite in the body and wollastonite and nepheline 
syenite in the glazes. 

3. Body and glaze for sanitary ware are suitable for fast-firing as indicated 
by their thermal expansion coefficients. 

4. The properties of pGrcelain insulator bodies and glazes can be iaproved 
further by: 

(a) Deteraining and using non-plastic raw .. terials of correct grain 
size in the body; 

(b) ApplJing the exact conditions for porcelain firing; 

(c) Using calcined tyanite to increase the .. chanical strength should 
this be needed for special products. 

5. there are good possibilities for the production of wall tiles. Cheap 
brick claJs can be used in the bodies but_good h0110geneitJ of the claJ 
.. terial has to be ensured to achieve acceptable linear shrinkage. 

6. The laboratory can carry o~t basic tests on ceraaic raw aaterials, bodies 
and glazes. To increase its c~nge of research wort, the laboratory needs SOiie 

additional equipment vbich is listed in annex XIV. 

7. The pilot plant is only partly suitable for bodJ and glaze preparation. 
It 1bould therefore be deterained vbich purpose it is to serve, and, in 
accordance with this, the required technologJ should be selected. 

8. The experience gained by the local laboratory staff in the testing of 
f ine-cer .. ic raw materials, bodies and glazes is a good basis for further 
research. 

9. llore lnve1tigation would be useful on glaze• for wall tiles and tableware 
to reduce the importation and increase the existing production. 
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JOB D'ISCIUP'llOW 

Expert in production and techaolo17 of ceraaics 

Sb aonth.J 

As soon as possible 

Harare, with travel within the couatr, 

To provide technical assistance to the Deparblent 
of lletallur17, llinistry of llines, in techaolo17 
development, identification aad diversification 
of existing ceraaic industries, including their 
expansion. 

The expert will be attached to the Depart.eat of 
P.letallur17, llinistry of llines, aad will be 
expected t~: 

(a) Evaluate existing ceraaic products and 
rec01111end 1118asures for qualitJ iaprov ... at 
aad product diversification; 

Cb) Advise local authorities on composing bodies 
and glazes for porcelain electric insulators; 

(c) Advise local authorities on COll(>Osing bodies 
and glazes for sanitary ware; 

Cd) Inspect and advise on pilot tests for 
sanitary ware and porcelain electric 
insulators; 

Ce> Train local counterparts in basic ceraaic 
technologies applied in Zillbabve; 

(f) Lecture on selected ceraaic technologies; 

(g) ldentifJ training needs and recoml8nd 
progr..-es for the training of local 
personnel. 

In co-operation vitb tbe economic adviser and tbe 
expert in testing, up-grading and evaluation of 
ceraaic raw .. terials, the expert will also be 
expected to prepare the final report setting out 
the findings of bis alssion and bis recommendations 
to tbe Qover1111ent for follow-up actions whicb 
aigbt be taken. 

Silicate enginewr, experienced in ceraaic 
production and technologJ. 

Engllsb 
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&Dnez ~I 

A. LaboratorJ eguip!!!nt 

1 dencOMter 
1 apparatus for breaking-strength detenaination 
1 dilatOMter for ceramic glazes and bodies 
1 torsion visc011eter for ceraaic slips 
1 laboratorJ autoclave 
1 laboratorJ hJdraulic press 
7 Bau.. densi .. ters for glaze and slip 
1 centrifuge for classification of claf particles 
2 Andreason apparatuses 
1 kiln for deteraination of refractories 
1 kiln for deteraination of refractories under load 
1 MA apparatus 
1 TGA. apparatus 
1 gradient kilo 
1 device for electric resistance .. asar ... nt 

B. Pilot plant eguipMnt 

1 drua aill, capacitJ 100 litres 
1 jet spraf drier, output up to 200 ltg per hour 
1 8'\ge runner aill (aixer) 
1 technical balance, 50 ltg capacitJ 
'- apparatuses for fast .. asur ... nt of 110isture 
1 vacuua extruding .. chine with aixer 
1 dri9r, 1 -al 
1 kilo, 1 -3, teaperature up to 1,300 •c 
1 kiln, 0.24 a3 
1 rotating aachine for the sha~ing of insulators 
1 turning table for hand shaping 
1 turning aschine for shaping into plaster 11aulds 

10 plaster 110ulds for sanitar, ware 
1 seal-industrial glazing device 
1 spraf gun 
3 h1droc1clones, 50, 150 and 350 .. di ... ter 
1 kiln, 0.5 a3, teaperature up to 3,600 •c 
1 coaplete set of Sege~ cones 
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Alulez 111 

A. LalK>r&tGa eguipaant 

1 DTA apparatus for aineralogical research 
1 tGA. apparatus for aineralogical research 

1 d!lat011eter for ther11&l expansion .. asur ... nts 

1 laboratory sieving aachine for arain 1lze .. asur ... nts between 100 aad 200-µa 

1 ultrasonic aicrosieving apparatus for grain size anal1sis between 
5 and 100 µa 

1 bedning strength tester for modalu~ of rupture .. asur ... nts 

1 Brootfield•s rotating viscometer for viscositJ .. asur..ents 

1 laboratory furnace for temperatures up to 1,700 •c 
1 gradient furnace CAT • 300 ·~> for firing up to 1 1 340 •c 
1 high-pressure autoclave for Y&~t~• cer .. ic tests 

1 Lange colouri .. ter for colour .. asur ... nts 

1 magnetic separator for de-ironing of slipa 

B. Hlot plant eguipaant 

1 drua aill, capacitJ 100 litres, for p~eparing cer .. ic batches 

1 Boulton filter press, capacitJ approxi~telJ 200 tg per pressing c1cle, for 
de-watering of ceraaic slips 

1 vacuua extruding aachine, capacitJ approxiaatelJ 250 tg per hour, for 
de-airing of ceraaic aasses 



Plastic 11&t~rials 

ZT taolic 

o&itbriclge ball clay 

Rvange fire-clay 

Chiredzi flint clay 

Ht. BUipclen brick clay 

•Go-plastic 11&terials 

llistress silica 

llistress feldspar 

Bikita feldspar 

Chillbaranga feldspar 

l.yanite 

Dolomite 

Calcite 

Chrome ore 

llanganese ore 
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Aanex IY 

lletallic oxides and cheaicals (Sno2• ZnO, borax) 
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Annex Y 

PROPERTIES OF CAS'?DIG SLIPS. BODXIS AIU> GLAZIS 
FOil SAllXTAU Vdl 

A. Casting slips and bodies 

1. Preparation 

eo.posi ti on Cf.) 

'ZT kaolin 
Beitbrid;e ball clay 
llvange f ire-cla~ 
llistress feldspar 
llistress silica 

Killing 

ltesidue above 200 11• 
Sodiua tanaate deflocculant Cas f. of solids) 

Bl.ending 

Sodiua tannate deflocculant (as f. of solids) 

2. 'Results 

Litre-weight Cg/l) 
Solid content of the slip (f.) 
Thixotropy CT2/Tl) 
Casting rate (aa) 

after 30• 
after 60• 
after 90• 

lloisture content (f.) 
after 30• 
after 60• 
after 90• 

Shrinkage after d~ing (f.) 
'Rupture after drying <•t--2> 
Sbrintage after firing (f.) 
'Rupture after firing <•t ... 2) 
Water absorption Cf.) 
Thermal expansion c1-l, 20 to 500 •c) 
Firing range (•C) 

Cowposition (f.) 

lllstre11 silica 
Chiabaranga feldspar 
CaCo3 
Zt kaolin 
ZaO 
Sn02 

B. Glazes 

24.0 
19.0 
10.0 
26.0 
21.0 

1.1 
0.10 

0.75 

1 699 
65.5 
1.09 

3.4 
6.4 
7.2 

19.5 
20.3 
20.4 
3.8 
5. 77 
6.7 

41.l 
1.5 

1 230-1 260 

SG4/SG~ 

27.0 
35.0 
19.0 

6.0 
3.0 

10.0 

24.0 
20.0 
9.0 

27.0 
20.0 

0.7 
0.18 

1.25 

1 768 
72.5 
1.27 

3.3 
6.2 
9.1 

20.2 
20.6 
20.8 
4.0 
7 .o 
7 .o 

41.6 
1.1 

5.65 x lo-6 
1 230-1 260 
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Sn02 ~.a be prepa~ed froa tin-procassi~~ flue dn~t (SG4) or froa 
metallic Sn (SGS) 

Residue above 53 µa 
Litre weight (g/l) 
Firing range c•c) 
Autoclave test (at 3.5 bar/2 hours) 
Theraal expansion (~-1, 20 to 500 •c> 

0.1~ 

1 560-1 580 
1 2l0-l 260 

Good 
6.15 x 10-6 
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Annex VI 

PROPERTIES OF BODIES AllD GLAZES FOR PO'lCELADI 'ILBCTRIC DISULATORS 

A. Porcelain electric insulator bodies 

Ccwposition (f.) 

U kaolin 
Beitbridge ball clay 
llistress feldspar 
llistreas silica 
Chireclzi clay 
Fired qanito 

Residue aboYe 75 u• (f.) 
itoistura content at extrusion (f.) 
Pfef fertorn nuaber 
Shrinkage after drying at 110 •c (f.) 
Rupture after cll')ing <•t-2) 
Shrinkage after firing to 1.300 •c (f.) 

Rupture after firing to 1.300 •c <•t--2> 
Water absorption after firing to 

1.300 •c <f.> 
Bult densitf (gtca3> after 

firing to 1.300 •c 
Theaaal expansion 20-600 •c c10-6 x ~l) 
firing range c•c) 

Pl 

25.0 
25.0 
30.0 
20.0 

2.5 
22.8 
24.9 
4.0 
2.2 

12.6 
10.0 

0.0 

2.28 
5.59 

1 290-
1 320 

P2 

25.0 
25.0 
30.0 
10.0 
10.0 

1.5 
23.3 
29.5 
ti. 9 
2 .• 1 

13.3 
56.5 

0.0 

2.25 
4.96 

1 290-
1 320 

B. Porcelain electric insulator glazes 

White glaze c011pOsitioo {f.) 

llistreu silica 
Pl biscuit Cl.000 •c) 
Doloaite 
Calcite 
Chimbaranga feldspar 
ZT kaolin 
ZnO 
Sn02 

Residue above 53 µa Cf.) 
Litre ~eight (g/l) 

Browp glaze composition Cf.) 

llhtre11 1 ilica 
Pl fired porcelain Cl.320 •c> 
Pl biscuit Cl.000 •c) 
Doloaite 
Chillbaranga feldspar 
Z'.t kaolin 
Cr-lln 11pinal 

Residue above 53 Jiii Cf.) 
Litre weight <itl) 

37.0 
16.5 
11.5 
3.0 

23.5 
~.o 

1.0 
2.5 

max. 0.1 
1 450 

30.0 
18.0 
17.0 
10.0 
10.0 

5.0 
10.0 

ux. 0.1 
1 450 

P3 

25.0 
25.0 
30.0 

30.0 

1.7 
22.9 
26.5 
4.8 
2.5 

13.9 
50.4 

0.0 

2.35 
5.32 

1 300-
1 350 

P4 

25.0 
25.0 
30.0 

20.0 

1.5 
23.0 

4.0 
1.3 

12.5 
68.l 

0.0 

2.40 
5.43 

1 300-
1 400 
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&Daez YII 

PROPDTIU or POa.m BODIES nno tO DlttUDI TlllPDA'IUDS 

Shrintese (~) Pl P2 P3 P4 

1 250 •c 12.6 13.4 13.0 11.9 
1 300 •c U.6 14.4 14.8 12.5 
1 350 •c 11.6 12.8 13.6 12.4 
1 400 •c 10.7 12.2 12.2 12.2 

Ruptu~e <•t..!l 

1 250 •c 62.0 51.6 54.7 60.5 
1 300 ·c 70.0 56.5 50.4 68.1 
1 350 ·c 60.0 49.1 51.3 77. 7 
1 400 •c 44.6 47.5 50.l 77.4 

Water absorption (~) 

1 250 •c 1.0 1.1 1.4 1.5 
1 300 •c o.o o.o o.o 0.0 
1 350 •c 0.2 1.4 o. 7 o.o 
l 400 •c 5.0 4.1 1.5 0.0 

Bulk densitx (gtca3> 

1 250 •c 2.31 2.20 2.31 2.35 
l 300 •c 2.26 2.19 2.20 2.41 
1 350 ·c 2.07 2.0~ 2.35 2.36 
1 400 •c 2.11 22.06 2.36 2.31 

Firing programae: (a) To 510 •c: 1.5 •ctain; soaking ti .. : 15 ain; 
(b) To top temperature: 3.0 •ctaio; •oaking ti .. ~ 

30 •in. 
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Annex VIII 

PIOPER'IIKS OF VALL-llLE BODIES 

eo.positioa (~) 

Kt. Hampden brick claJ 
Bvange fire claJ 

Beitbridge ball claJ 

Li•stone 

Kistress silica 

Biscuit 

bsults 

Residue above 200 JS• (~) 

Litre-weight of the slip Cg/l) 

lloisture content at extrusion (~) 

Shrinkage after drying at 110 •c (") 

Rupture after drying (R/ .. 2) 
Shrinkage after firing to 1.000 •c <"> 
Rupture after firins CR/ .. 2) 
Theraal expansion coefficient 20-500 •c 

no-6 z ~-1> 
Water absorption after firing <"> 

n 

66.0 

12.0 

11.0 

7.7 

3.3 

0.09 

1 419 

23.0 

7.68 

7.63 
8.00 

19.16 

6.9 
17.81 

T2 T3 

65.0 65.0 

15.0 12.0 

7.0 8.0 

3.0 5.0 

10.0 10.0 

0.09 0.10 

1 435 1 430 

21.8 26.2 

5.98 6.1 

6.10 3.0 
6.40 6.7 

17.97 10.1 

6.5 
17.6 



!llllm ................... .,. ......... .._ __ ...., ____________ .,... ____ _.. ..... .._..._, ____________ _...._.~~-----

- 28 -

Annex ll 

PROPEl.Til'S OF VALL-llLI BODIES FIUD 'lO DIFFDEllT 'RllPDllUUS 

T2 T3 

lloisture content at extrusion CS) 22.3 26.3 

Shrinkage after firing CS> 900 •c 
950 •c 

1 000 •c 6.7 6.7 
1 050 ·c 5.2 6.2 

Rupture after firing (B/111112) «;Of> •e; 
950 •c 13.0 9.5 

1 000 •c 14.8 10.0 
1 050 •c 11.5 9.2 

Water absorption after firing (S) 900 •c 
950 •c 23.5 27.3 

1 000 •c 2.0 26.3 
1 050 •c 19.9 

Bult density after firing (g/ca3> 900 •c 
950 •c 1.67 1.59 

1 000 •c 1.68 1. 71 
1 050 •c 1.71 1. 78 

Firing progr...e: (a) To 510 •c: 1.5 •c/ain; soating ti .. : 15 11in; 
(b) To top temperature: 3.0 •c/ain; soating ti .. : 30 ain. 
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Annex I 

PROPIRTIES OF ZDIBABWUll WALL-TILE BODIES DD GLAZE 

Wall tiles 

lloisture content at eztt"Usion (~) 

Shrinkage after dl'J'ing at 110 •c <~> 

Rupture after drJing (Rt .. 2) 
Shrinkage after firing to 1.150 ·~ (~) 

Rupture after f irii.g (Rt .. 2) 
Water absorption after firing (~) 

Theraal ezpansion coefficient 
20-soo •c c10-6 x r-1> 

Biscuit firing teaperature in 
the factor, c•c) 

Tile glaze (imported) 

Theraal ezpansion coefficient 
20-500 •c cio-6 x r-1> 

Glaze firing temperature (•c) 

Autoclave test (3.5 bar/2 hours): 

Old tiles 

23.7 

5.4 

3.6 
7.1 

28.2 
20.1 

7.11 

1 120 

5.63 
1 040 

Bad 

Wew tiles 

22.0 

4.9 

1.9 
13.0 

46.l 
7.6 

6.23 

1 120 
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Annex n 

PIOPUTIIS OF RITS GLAZES 

1. Frit 

CC!lpOsition ('f.) 

Bora~ 

ZnO 
Sn02 
Chia:>aranga feldspar 
llbtress silica 

Esti111&tecl firing temperature c•c> 

2. Glaze 

CO!!pOsition ('f.) 

Prit 
ZT kaolin 

Residue above 53 Jlll ('f.) 
Litre-weight (g/l) 
Thermal expansion coefficient, 20-600 •c 

c10-6 x ~-1> 
Glaze firing temperature c•c) 

33.2 
1.0 

11.8 
25.5 
28.5 

1 330-1 360 

94.0 
6.0 

0.0 
1 560 

8.44 
960 
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IDl>tnOIW. 'IQU1PlllllT FOR. 'ID PILOT PL&llT 

A. Equip!!!Dt to be provided b1 the project 

1 oil- or g~s-heated tiln (up to 1 0 400 •c. 1 al> 
1 tiln Cup to 1,600 •c. o.s -3> 
1 tiln (up to 1,500 •c. 0.25 a3) 
1 oil- or gas-heated saall rot&f7 tiln (up to 1,600 •c) 

1 drier, 1 a3 
3 h7droc7clones, so. 150 and 350 .. di ... ter 

1 jet spraJ drier 

1 aagnetic separator 

l edge runner aill 

1 rotating .. chine for the shaping of insulators 

1 t~raing table for hand shaping 

1 seal-industrial glazing device for spra7ing and vaterf all application 

l device for elect~ical resistance .. asur ... nts of low- and high-tension 
insulators 

l device for .. asur ... nts of thermal conductivitJ of cerudcs 

B. Equip!!!nt to be produced locallx 

l screen (8S240). aperture 0.63 .. 

1 plastic container (~00 1) for blunging 
l plastic container (200 l) for slow aizing of bodJ slip 

l wooden aixer, 30-35 rev/ain 

4 wooden plates (50 x 50 ca) for filter press cakes and extruded blocks 

l connection of slow-mixing drum to filter press 
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Aaaex n11 

SPAU PllTS POR 'l1IE PILOT PLlllT EQUIPllDT 

For filter press (Willi .. Boulton Ltd •• serial 80. rs 9754): 

4 drive belts; 
1 set of spare filter cloth (pol71»roprlene outers and nrlon inners>; 
l cer .. ic pump cC111pOnent with packing. 

For Yacuua extruder (Kdvards and Jones Ltd •• type 37.8): 

Extrusion dies. 1. 12. 20. 38 and 45 .. di ... ter; 
Extrusion bits. one CQllPlete set of various shapes and sizes to suit 

the above dies. 

For ball aill (R. Welte. jug trpe 86~SE llo. 84044 - 1984): 

Drive belts; 
l set ceraaic lining; 
100 kg cereaic ailling balls each. 35 and 45 .. di ... ter. 
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•••sm 

SMPLE DESCRIPTIOP 

UMPtE SOUltCE (AREA/DISTIICT) 

1.1 Spec:trogr!J?hy 

1.2 Chad.cal Analy•ia (1.) 
pl!• 8.S 

Solu-
ble 5102 Al203 Ti02 Fe2fJ3 c.o tftt<> 'r.20 !fa2C LOI ls03 '2°s 
Salt• -

o.1s 43.37 36.88 3.97 1.07 0.14 0.2J tr 1.15 13.~3 

' 

1.3 Jational Analt•i• 

' 
COJf\"EP.TIO~ 

J'.AL\LINITE m.I>SPM' 

Kaolinite 94 36 
1'eldspar 0 10 
Silica 0 1 
Illite 

Mont90rillonite 

1.4 ·Particle size analy•i• (lelov EO ea> 

Particle size. ~·> 0-9 9-13 13-19 J9-28 28-37 37-75 +7.5 
% !9.26 3.10 l.35 2.05 0.15 0 I 

I 'flail aus tau beea reprodaced wltlao•t focaal edltl•I· 
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1.5 llillEJW.OCICAL AJIALYSIS 

B. 

A. Thermal Analysis 

(1) !!! 

Reaction 
Peak 
Te11perature/ 
oc 

540 
960 

(ii) Tia 

Reaction 
Type 

R 
x 

Temperature range/0 c 

50 - 200 

440 - 710 

(iii) Dilatmnetric Behaviour 

0 Temperature/ C 

1P.D -

Peak Shape 
(lnteuity) Raarlcs 

S(I) Kaolinite 
S(I) {debyroxylat-

ion r.aol inite 
(•llitization) 

~ass Change (I) Remarks 

- 1 drying 

- 11 J.aolinite (80%) 
(dehyroxylation) 

Pemarks 
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c. Optical Method• 

2.1 PHYSICAL PltOPEltTIES 

Dilatomtric Behaviour 

Teat piece pref irill(E 
temperature c°c) 

1100 

Temperature 
range 

20 - 300 

20 - 500 

20 - 800 

water vapour adsorption C.201. 
(ahove sac. Na.Cl/48 bra) 

particle size analysis (up to 200 pa) 

Sieve aperture +20J 
(ua) 

180-200 

2. 2 RPEOLOOtal. TESTS 

160-180 

(i) .!!!!!litative deflocculation tests 

Deflocculant 

3~ Jfa2C03 

R~Sto5 (1.15) 

151. Sodium taunate 

125-160 

Remarks 

poor 

fair 

aood 

1384 

4.48 JC 10-6 

4.45 JC 10-6 

4.58 x 10-6 

100-125 -100 

(ii) Lehmann Viscometer 

Slip density (g/l) 

Deflocculant 

Temperature (slip) 

Sodiua tannate 

Room temp 0 c 
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T:lae/nn 3 Vol electrolyte/ca 

0 

.. , 
30 

-

1bixotrop1c index {TC) 

Brooltf ields Viscometer 

Slip density {g/1) 

Deflocculant 

Temperature 

Spindle ~~ 4 

Shear rate/RPM 

100 

so 
20 

10 

Spin~• 

RPM 

?:umber 

0 

I 
2 

3 

4 

6 

8 

3 

18.00 
15.5(\ -
Suitable for castin' 

1384 

Sotlium tannate 

24°C 

Viscositv/Poisel 

16 

2S 

59 

80 

100 

1 

now 
T:lme/Sec 

102 .. 80 

IE.IS 
lS.70 

l~.25 

IS.SO 
15.70 

15.SO 

18.00 

1.18 -



• 

• 

• 
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Vol. of dip 475 al 

3 ~pparent 
Tne/ain Vol. electrolyte/cm Viacoaity, 

Poise 

0 0 16.00 

1 0.39 
2 0.35 

3 0.35 
4 0.36 

s 0.36 
~ t. , 

0 16.20 j ) 

Re•rk• : Plastic rheological behaviour. Shear thinnilqt. 

lfon-thixotropic. Sodium tarmate is a very 

effective def locculant for ztir:. 

2.3 Casting Rate* 

Te mperature , ... __ . 
_.f'ttP• 

Time/min Wall thickness/JD 1".oisture (%) 

30 4.6 27.36 
60 7.0 28.43 
90 

* Slip density • 1573 g/1 
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2.4 Plaaticity {Pfefferkon) 

lk»iature contenc (%) Inda l!o/B 

lS.7 1.1 

23.5 3.3 

29.4 4.2 

'lbia clay had a -very good plasticity. 

2.S l1NFIRED PROPERTIES 

Visual colour 

Colour co-ordinates 

Extrusion 11>isture content 

Critical 11>isture content 

I inear drying shrinkage 

K>R (material dried 

110° /1 hr) 

2.6 FIRED PROPERTIES 

FIRIP.r- PRO<"R.W 

Initial temperature • 

Initial heating rate • 

First holding temperature • 

Dwell time at SI0°c • 

Second heating rate • 

Temperature maxing • 

Dwell time at mac. temp • 

Pinkish 

29.4% 

22.0% 

S.4X 

2 
l.S N/mt 

Room temperature 

1.5°C/min 

510°C 

IS min 

2°C/ll!in 

1000°C/ll00°C/1200°C/1300°c 

30 rdn 

• 

• 

, 



• 

• 
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Firing 0 Temperature I C 
PROPERTIES 

1 000 1 100 1 200 1 300 

Linear abrinbge (%) 4.3 5.0 10.1 13.8 

Total llhrinltage (%) 9.1 10.4 lS.S 19.2 

Water ahaorpt:lon (%) 32.2 ?.9.3 18.2 9.7 

Bulk deuity C11ca3> 2.0 2.5 2.1 2.4 

KJR (11/-2) - 4.0 4.3 11.8 14.0 

Visual colour Pink Uh Creaa Creaaiah 
11hite 

. 
Colour co-ordinates 

3.0 lte•rks 

0.ina clay (kao Jin) 

4.0 Suggested Uses 

Sanitary ware, procelain insulators (technical porcelain), 

glazes, tableware, tiles vith white body and in refractories • 



- 40 -

CUUICUUJB or DADIIK D ' - '-4C 'l'BClmOLOc:Y 

A. law 11&terials and boclJ preparation for fine cer .. ics 

!lain groups of fine ceraaic products and their properties; 

Tile iaportant technological properties of cbina clays. ball clays. brict 
clays. feldspars and silica; 

The abu and va1s of boclJ preparation: 

(a) Preparation of plastic raw aaterials; 
(b) Preparation of non-plastic raw 11&terials; 
(c) De-watering of the slips; 

Equipment for the preparation of: 

(a) •on-plastic raw 11&terials; 
Cb) Plastic rav aaterials. 

B. I!Sltnolou for sanitan vare production 

Definition of sanitat"7 ware; 

The aain steps in aanufacturing: 

(a) llould ..ting; 
(b) Recipes; 
Cc) Slip preparation; 
(d) Casting and casting s1ste .. ; 
Ce) DrJing and drJiDg systeas; 
Cf) Glazes and glaze application; 
(g) Firing and various tiln tJpes. 

c. Technologx for porcelain production 

Definition of porcelain; 

The 11&in steps in manufacturing: 

(a) Recipies for bodJ fon1Ulation and preparation; 
(b) Various shaping s1st ... and their fields of application; 
Cc> DrJing and drJing •J•t ... ; 
Cd) Glazing; 
(e) TecbnologJ of firing; 
Cf> Kain phfsical and electrical testing .. thods. 

• 

• 

.. 

• 
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ADDinOUL L&BOR&tOU IQUIPlllllT 

1 ~ apparatas to complete the equipment for aineralogical anal11is 
• 1 Allclreuen apparatus. for grain size aralJsi• of cla1s between 0-100 µa 

• 1 apparatas for fut moisture-content ..... r ... nt 

• 
• 

1 Leitz laigla-te11P9ratare aicroscope. ap to 1.600 •c. to test the .. lting 
beh&Yiour of felclapar. glazes aad frit• 

1 .. rcurr porosilleter to .. asure tile porositr of ceraaic bodies 

1 laboratorr hJdraulic press (Diii) to prepare test pieces 

1 laigla-te11P9rature laboratorr furnace <•aber) for refractories (up to 1.100 •c) 
1 laboratorr sieYiag machine Ctetch) with laboratorr ball-aill. to prepar~ 

SU1Ples <~. DTA. TG. dilat01111ter etc.) 

1 bot-load testing furnace. for deteraination of rupture under load (lluL) and 
creep in compression (CiC) of refractories 

1 SU1Ple drilling aad one precision grinding aachine. for the preparation of 
SUIPles for lluL aad ClC detaraination 

1 cpecial kiln <•etzscb). for pJr0118tric cone equivalent determination 




