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Summary of Recommendations

ation of the Piliyandala Transparent Frit

of all the color qlazes manufactured with

it should be revised and recesigned. (2.20)

Such redes

igning will most likely take the form of

substitution of the present transparent frit formula

by another possibly a lead-bearing one cf which exanmples

have been offered in Annex I. Retter gdlaze body fit

and improved texture will be aimed at. (2.22)

The re-designing of the color glazes couls, apart from

frit substitution as cer point (2), be accomnlished

through the introduction of new stains, examples of

which are given in Annexes II and III. They allew to

be used in

much lower proportions thus contributing

less to the viscosity of the molten aglazes, (2.20)

More atten

operation.

BEetter con

slip densi

tion should be given to the fritemaking

Its duration should be better contrelled.(2.2¢)

trols of the particle-size distribution,

ty and all the rheclogical Droperties of

the glaze-slips should be instituted. (2.24)

The frits

reprocuced

shown in Annex 7T should be further improved,

and tested under factory conditions. (2.22)

Since there are gtrong indications that the Piliyeniala

earthenware body exhibits a short densification range

reaesicning of i*ts fornula with the view of elimina~-

ing its Colonmite content is strongly uradsc. (z,30)
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1C.

iii

To avoid "spit-out" exclusively fresh biscuit for

overglaze decoration (2.33) should be used.

Should this not always be possible the practice of
slight opening of the backside of plates to facilitate
faster elimination of the de-sorpted vapor should be

intorduced. (2,.83)

It is strongly recommended that the Ceramic Research
Laboratory give assistance in the field of design,
art-glare development and supply to the handicraft
centres operated by the Government's Small Industries

Department. (3.00)

A Glaze & Color Section staffed by its own officer
and suitably equipped {(Annex IV) should be establish-

ed as a part of the Ceramic Research Laboratory (4.00)
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Within the framework of the UNIDC Project US/SRL/72/2207

Ceramic Research Laboratory, Piliyandala, Sri Lankz,

Mr. Ian Knizelk hzs been appointed Consultant in GClazes

and Colors with the duration of three months. Attach=-

ed to the Ceylon Ceramics Corporaticn he was to cssist

in the settinag up of its central cuality contrecl and

development laboratory and to adivse on its effective

use within the field of specialization. Accorcing

to the Job Lescription US/SRL/73/207/11-55/32.1.B

-1.

!
o

Assess the present level of production technelocy,
cuality control and rescarcn in tha field of

glaze ancé cnlor menufacture and apoplication ana
identify a-eas of possible improvement in X2ap-

ing with market recuirements;

SEcrutinize the currently applied glazes and
frits and define the scope for cradually
reovlacing imported materials (frits, oxide &

ready-made glazes) by locally produced cnes;

Cemonstrate how the laboratcry can contribute
tec the developnent, manufecture ancé testina of
frits and clazes ard initiate apopreonriate

activities in this respect;

Develon & rance of frits and¢ alzzes for thz

=

use ¢ indigcenous art notteries;

Cefine the need fcr additional anuincent

)

recuired by the laboratory te anhance its

~

ield

(21
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-5. Prepare local staff to continue the work

through extensive on-the-jcb trzining.

Apart from endorsing the Consultaent's frame of
the Corpcration's General Manager stressed the
of periodic lectures to the Staff in the field

specialization.

initiated
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1.00 Summery of Activities

Imnediately after arrival in field,ther Cansudtant

2)

3)

4)

1)

carried-out an investigation of the conditions
under which earthenwere {(crockery) is manufactured
in the Piliyandala Factory. The above investigat-
ion concentrated on the assessement of production
losses due to defects of guality, proceedinc later

te the analysis of their causes.

No separate invzstigation has been made of the seccnd
earthenware factory of XNegombo kecause the materials
used there were the same as at Pilivandala. Further-
more, as this Consultant has been able to establish at
the time of his previous visit to the Ceylon Cerarics
Corporation's facto-ies, manufacturing ecuipment and
consecuently the preoccesses were much the same in koth
plants. This Consultant's findings &nd con-lusions

are Mutatis Mutandis applicable to either factory.

Taking advantage of the ecuipment at the Ceramic
Research Laboratory, the Consultant then cdetermined
some of the parameters of the Body/Glaze comnplex.

The aim nere was to ascertcin to which extent certein
manufacturing defects coulé be traced to th:

characteristics of the Eody/Glaze conplex.

Following=up on the information obtained as v=r (2)
the Ccnsultant desncnstrated the formulation and
preparation of glazes differinc in their ccmpesition
and certain naraneters from thecse pres ntly emplcyed

at the C.C.C.

Still Xeercina to his frame of referzsnce he also develon-
ed and demonstrated the preneration of certain alazz

steins; th2 aims onursued here were twec: (a) tc as-

th

certain whether cnd tc whet extent thz anpearencz2 o

th2 nressently reanufactured crcckery could ne irnroved




through the use of stains formulated on & somewhat diff=-
erent principles; and (5) to 1increase the rance of color
finishes that could be made svailable to the C.C.C.'s

customer thus enhancinc the sales appezl of the crockery.

5) 1In his lectures tc the C.R.L.'s staff the Consultant
Gemonstrated the principles inveclved in the developiment
of glaze formulae. The example which was chesen was the
development of a low-melting glaze forrmula for the use of
nandicraft potters. Here the Consultant dexonstratecd the
effect of the ingredients and of their combination on such
cverimpcrtant paramcters as expansivity (which centrel claze-
body fit) and lead release in the case of lead-bearing
clazes and water-solubility of lead-less ones. The use of

both, the mclecular and the percentual method was shcown.

The Ccnsultant also,

(63}
~—

Trzvelled to Meepe to cbtain from Lanka Refractories crucibles
necessary for his wcrk. Advantage was takxea of their
=

opportunity to visit the plant itself and assess for futursz

references its potential;

7) fTo assist in bolsterinc Lanka Refractcries sales =2ffcrts,

the Consultant, invited by C.C.C.'s Ganeral tanacer,
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visited in the compsny of his international ¢

the Cement Factory of Puttalan.

5) mowards the ené of nis iission ae also visited severeal

srtisanal centres:

2) a pottery shop operated by the Ceylon Cararics

n
)

Ccrporaticn et ~nbelcamulla, Seecuvad;

o) Governicent lLandcrafted Ceraxic ané Traininc Centre

D

cy tne Ceaenartoent

O

f Laracoda, uLeleniye, cnerated

Swall Industriecs.

(o]
rh

~) i similar 2ut sveller Centre 2zt Yitte.zuwa.
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5.

Glazes and Bodies at the Ceylon Ceramics Corporation

Present Glaze Formulations

Eoth the Piliyandala and Negombo factories use a trans-
parent and an opague glaze. For brevity's sake they will

be from now on referred to as T or O respectively.

The molecular formulae calculated from batch recipes, as
shown in Annex I reveal significant differences. TFollow-
ing normal procedures the 17% Zirconium Silicate smelted
with other ingredients to produce frit O was disregarded

in the calculation.

The most notable feature of either frit is the absence of
lead; this is not quite usual for earthenware glazes matur-
ing at Piliyandala gloss temperatures (about 1050° -1050°¢C).
The proportion of alumina is just about richt in frit 0;

in frit T alumina is about 0.13.eouivalents too high; that
circumstance may help to explain some of the characteristics

of the glazes compounded with this particular frit.

These are colored glazes; green, blue-green, brown, pale-
blue and yellow glazes have been used in the past. At the
time of this Consultant's presence only the areen ané blue-

green ¢lazes were being produced.

Glaze Problems

The Consultant cbserved considerable pinhclinag specially

in the green=-colored glazes. This condition was, obviously
accentuated when application thickness was too heavy. There
was, also, considerable disparity in the glaze thickness

most probably due to a combination of factors lilte the high
viscosity of the mclten glaze and heaviness of aoplication
thickness. The latter is undoubtedly caused by (a) variat-
ion of water absorption of the bisque and (b) lack of control

of the glaze-slip consistency, viscosity and thixotrephy.

oy
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The fundamental cause of the observed pinholing is, of
course the high viscosity of the glazes at the gloss-
firing temperatures. This is - the reason why all

Piliyandalz oglazes show a tendency to pinholing.

Leadless, alkaline glazes are, generally speaking very
viscous but the presence of Zircon in them cdoes not help.
That Zircon-ovacified glazes tend to pinhole is a very well
established fact. Nevertheless, it is possible to prepeare
pinhole-=free finishes but only under best conditions of

formulation and application.

One observation still has to be explained: tne heavy pin=-
holing occuring in colored glazes compoundeé with frit T
which is Zircon-free. The answer is thet a2 fair amount of
Zircor is intrcduced even here in the preparation of the
actual glaze. Iii compcunding a typical colored glaze, 3
percent or more Zircon is added in addition to some 13
percent of the stain. This, in turn may ccntain as much
as 20 percent of Zirconium Silicate (plus as much as 25
percent of silica & the same amount cf feldspar; contrary
to what is sometimes believed, feldspar introduced into
glazes maturing at temperatures less than 1100°C Goes not
act as a flux.) All these substances, i.e. Zirccn,Silica

and Feldspar are viscosity-enhancing.

Tests carried out in the Gradient Kiln cenfirmed the

tendency of ell Piliyandala glazesz to pinhole when apnpliad
too thickly, i.e. over 0.020", BAnother fact revealed by
gracdient kiln was that the incidence of pinholes increased
with increasing firing temperatures. This is not unexpected.
Pinhecles are nothing else but craters left in the claze
surface by exploding cas bubbles that rise to it. If
viscosity is reduced, as hapnens when temperature is

raised, more bubbles rise to the surface czusing wTore pine
pin=-

holes, UUnder the condition of the cradient kiln less

ncles were observed at 1OSOOC than at 10§OOC.
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7.

The Lead-Release Problem

The reason why such rather difficult glazes are preferred
in the Pilivandala and Kegombo factories is the fear of
the poisonous nature of lead compounds. This Consultant
would not went to minimize the health hazzard involved in
industrial uses of lead compounds. 2Anréd still less does
he want to change the way of thinking in this matter pre-
vailing in the Ceylon Ceramics Corporation. Ee kelieves,
howvever, that the matter must be discussed in the right

perspective.

The fact is that the so-callad 'Lead EScare' originated

with some legitimate cases of lead poiscning ultimately
traced to some indigenous pottery glac:ced with a mixture

of rad ilead and little silicea and fired &t low temperatures.
By the time tha facts involved in these cases percolated

to the general public the facts became distorted and their
meaning considerably obscured. With the rise of environ-
mentalist and conservationist movements the issue became

emotion-laden.

The fact remains, however, that today many years after

the avents mentioned above very few earthenware manufectures
use leadless glazes for gloss temperatures betweer 1060°

anéd 1100 €., That goes above all for the incdustries of the

U.S. Englandéd, Germeny, France andéd Italy.

It is now fully realized that lead-release as determinecd

by means of the various testinag metheds (55,aST,CINAFNOR)
is a function of forrmulation. The fact that a lesed-
solubility (nct lead-release as determined by the stéenderd-
ized test now in use) of a simrple lecé bisilicete could

be decreased from the initial 4.5% percent to C.7 percent
bv an addition cf C.254 ecuivalents cf alumina, has been

known since 1934,




More recently, and more significantly, work sponsorec by

the American Lead and Zinc Institute brought cut facts

that help much in formulatincg low-lead-release glazes:

1) A substitution of 0.1 molar ecuivalent of lead
oxide by the ecuivalent of a combination cf the three
alkali oxides, Lizo, Na,0 and K, G has resulted in a
50 percent reduction of lead release cof a2 cone 07

claze based on a Pb0O.1.3 §iCy silicate;

2) Similar results were obtsined throuah the use of the
comoination of Mag0O, CaC and SrC but excluding E2al;

~

3) Adéition of Zircon in amounts not exceeding 0.1

ecuivalents reduced lezd-«release cramatically;

4) Repeated lead-release tests result in its decrease;
in one¢ case frcm the initial 0.1 PPM te 0.05 PPM.
The meaning of this result is that lead-releasz of

glazed ncttery will decrease with use.

5) Lead-release decreases with decreasing glaze thickness.

Inproved Gleze Fornulations

The above principles have been applizd in formulating o lcw

1]

temperature cleze for the use of handicraft potters. The

starting cempositicn is shown in Annex I under the nunber 1¢.

Due to the insistence on leacd=free forriuletion a ccrraspond-
ing formula 12 has bean worked out. it the tins of draftine
this report, the Consultart hazs not succeeced yet in pbrocucinc
and testing this frit. This, for leck of facilities (frittinc
kiln). It must be keot in mind that lead-free glazes ~zt.rinc
at £50° to ¢0c°c are extrermely difficult tec forrulete., Since
they must be based on the usge of alkzliuae c¢ovides &s becas,
thiey tend to craz~ cn bodies not nich enouah in silice. If

alkzli oxides are reduced andé 1rore noris ocié added to

compansate [ror the sceruing lese of fusibilitv zcinositicn:z

-

3

t
27 this tyne tend tc hacore wateresoluble,

3
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Ter use et Pil.vendeale enc lteccibo closs-iirinc temperstures the

Il

moleculer fecrmulee of tue lead-bearing frits 11 ané 12 ere civen
in Annex I. They have been in successful use fcr nmery vears

v lesc-
n

dala

=
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in severel eerthenware factories, giving consistentl
release velues under 5 PP!., Reprocduced uncer Piliy
condition frit 11 zppeared & bit haerd shcwino consecuently

some lack of closs.

It is strcncly succested that a claze of this ceneral tyve be
tested at Piliyancala. The final comovosition will stand =ome-
where between thet of frit 11 and 12. Jue to lack of time and

dijustrment

facilities this Consultant was not able to make the a
himself. The errived at compcsition should then he smwelt-
ed in one of Piliyendsla‘*srotery frit kilns, choosing fcr it =

tire irmediately following its relining,

The Cecnsultent believes thet apart from civinc a better pinhcle-
free finish it will permit better color development expecially
from chrome-calcium steunste stains. If proved satisfactory

it could, with acdvantage, substitute the presently used claze T
expecially in view of the fact that sere does not fit well the

Piliyandcle bedy as will be discussec in a subsecuent section.

Therral DCxpansion and Glaze Fit

it is extremely cdifficult toc evaluate clazes ignoring their
therrnel cupansivity; claze-~fit and with it crazinao resistence
denpend on it. These two eare, of course, finctions of the alaze/
hcdy comple ., 1In other words the expansivity of the bocy has

to be knewn as well. 1ilc determinations of thermel exwvension
could pe wade during the Ccnsultant's work et the Leboratory.
(The letzsch Differnetial Cilatometer was out of cormission

an¢ pert c¢f it hes becen chioped to Germany for renairs.)

An indication of the cglaze/body fit can be obteinec, however,
thrcucii corparing moduli of rupture cf unclered andéd clazed

bars. 71his the Conrsultent has done with both of the clezes
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used in the Piliyandsla factory. The obtained results showed
that the bencdinc strength of the birs glazed with the S

glaze exceeded that of thes unglazed ones by a2 factor of 1.3

( 635 kg/sc.cm acainst 434 kg/sg.cm). Cn the hané application
of glaze T lowerecd¢ the modulus of the bisaue becdy by 3 percent
{ 46C kg/sc.cu). The becdy covered with glaze C is, therefore

in comnpression while glaze T either induces a slicht tension

or is, expansion-wise, in egquilibrium with the body.

These results are confirmed by the crazinc resistance of the
two glazes. Eoth, actual tests carried cut by the Consultent |

himself and examination of the factory' own records indicat- A .

T .o

ed that under conditions of Piliyandala's auvtoclzve test (one
hour at 50 lbs. per sc. inch ) the o glaze dces not crare

even in five succeessive cycles. ©Cn the other hand obiects
covered with either glaze T or any cf the colored ones conpoun=-

ded with frit T developed craze lines in the first exposure.

Cne hour at 50 lbs. per sg. inch does rot represent very

drastic conditions. IMNormally autoclaving should be carried

out at 125 lbs. per sc. inclh or the duration of the test extend-
to five hours. It may be concluded, therfore, that the

ad
claze T does not fit the body it is used with.

As regards ¢laze O , there is nothing wrong with it provided

tnat its tendency to pinhkuoling can be checked by stepped-un

controls of viscesity, application thickness andé crincing

fineness. The claze-fit is excellent; apoarently snoudnh of

the silica of the added Zirconium Silicate remeins in sciut-

ion to impart the claze a lower thermel expansicn, this -

unoproven assunption teing reflected in the riodulus cf runtur=z

ficures cuctadé abcecve,
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11.

Contrecl of the Frit and Glaze-Makine Operacions

The importance of a close control cf all the parameters
involved in producing : defective claze finishes as
discussed above can not be over-emphasized. Such
controls will particularly include the following:-

1) tMeaintaining & uniform fritting temperaturs;

2) Uniformizing fritting tire;

W
~—

Clcsely controlling the grinding fineness
through maintaining consistently uniforn
water/solids ratii andg grinding times; check-

ing particle-size distribution.

4) Meintaining uniform glcze-slip dencsities.

The Eodz

Moisture Expansion

The crazing results cuoted above in 2.23.do not indicate
orly that the transparent glaze is unsuitable for the

body it is used with. There is also more than a suspicion
that its ncisture expansion mney be tco hich. Examinat-~
icn of the body feimula showed that no special efferts
were made to control this parameter throuah judicious

adcditions.

The atternt was nade to measure the noisture exvansion
of the factory-nrecduca pody. Result of the firz- azutce
clav: evpocsure failed to confir: akbove suspicions;
there was no imcisture expansion; in earthenwvare bedies,
2n unnearc-of phenciienon., Absorption deter—inations

in the noisture ocxpansicn snecimens showed it te be
less than 1 percent wnich explaing the odd results

reportzd adbcve,

-
o
[
ey
(]
\-U
Q
n
4]

utectict Fluxes in Eerthenwere Fodios

ut still another concluzion coulé he frauvn fror thess

recults., erely that the body heg 2 short vitrificat-
on renro, This,
I

[N

1f true, would be duz té %he 4.5 nercant
| | |

ey
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dolomite used in the body. Eutectic fluzes like Cag

and MgC are Known to procduce bcdies with a2 short
vitrification range. This circumstance probebly e:xplsins
the reportedly very wide variation in the absoropticn
which are being observed. Elimination of the dolomite

from the body formulation sugcests itself.

"Spit-Cut at Piliyandala

Information secured at the factory revealed that "spit-
out" is endemic at the Piliyandala factory. <Contrary
to what is sometires believed, "spit-cut" is not a
claze problem; its a body problem. With earthenware,
"spit-out" is ncthing unusual. Unfortunately a sure-
fire remedy has not been found yet. Since the pheno-
menon is caused by de-sorption of the hunidity adsorbed
by the clost ware while in storage, "spit-out" can te
avoided by usina for over-glaze decoraticn exclusively
fresh ware directly from the kiln znd never one that

has been stored fcr scmetime.

It has also been found that assistinc desorpted water
vapour to escape prevents "spit-ocut". This is actually
done by drilling small orifices into the back of the
plates or by openince passadges in the alaze coating by

means of hitting it with a2 sharp-pointed steel tool.

In the effert to avoid, or anyway, reduce the incidrmnce

ar
.

of"spit-out" one more facter has t. be consicdered.

3

perience has shown that other factors beinc the same,
both the dearee and intensity of "spit-out" veries,
scrmehow, inversely with water abscrption, ssnecially
if same is under 10 percent. icre exactly thers is
swuch less "snite-cut" zt ébsorptions cvar 1 nercent,

12 percent beinc ccnsicdered best.




This well substantiateé phenomenon is being explained

in terms of the assumption that at hicher absorptions
the pore system is more continucus making the bedy
more perneable thus facilitating the ventilaticn of

the de-scrpted humidity.

Anocther tentative ccnclusion but one tc be seriously
considerecd is that the shorter vitrification range cf
the Piliyandala body which favours extreme variations
or water absorption is more likely to produce a hicher

proportion of less porous dishes more prone tc "spit-

TN

out”. This could easily be another argqument in favour

of eliminating the dolomite from the bedy formulation.

Glaze Stains

The formnul- .tions cf variocus glaze stains was demonstrated.
The tested formulae are shown in Annex II. As maybe
appreciatecd the color range is confined to cobalt blues,
creens and browns, for which materials were either available
at the Piliyandala factory or could be acouired in Colombo.
Stains of Annex II were tested in both glazes o & T.
Additions cenerally varied from 1 tc 5 percent. DMost of
the times 2 percent were sufficient. Pleasing hues were
obtained. The proportions of stains that have to be acdded
are, as may be seen, considerably lower than those of the
stains presently in use. This has a double advantzce. In
the first olace smaller proportions of stains increaze the
molten viscosity of the glaze much less. Seccndly lesser

stain voluires heve to be processed.

Cnly one yellow stain to.25, the formulation of which ¢id
not require Zircon, could be tested. Yellow stains are

these deye based on the use of Zirconia with Venacdiu~ and

Praseoaymiuir selts., Ceveclopment of suitable cormpositicn

(o]
ry

this type w nct possible bhecauvze the criared Zip-ocniur

]
]

Re)

ricde, indisvensible for the~ has not arrivec in tira,

(@]
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Fer the same reason no sky-blue stains could be testecd; they,
too,are based on the use of Zirconiun Cxide and Vanadium salts. ’
Selected formulae are, hcwever civen in Annex III. Tracditionel
yellow stains are based on leac antimcnate. Such compcsit-

ions were not tested however, as they would unlikely develcen

well in lead-free Piliyandala gdlazes. It is sugagested

that feorrmulae of Annex III be tested as soon as the reauired

materials kecome available.

Development of pink-red stains was hampered because only
xtremely limited amounts of tin oxide were available.

Nevertheless, two fornmulae are given in Annex II. ’

The Consultant  recommends that those formulee whicih are
found satisfactory be now reproduced cn a larger scale

and factory tested.

Hdandicraft Potteries

Ambalenmulla Seeduwa

This small pottery empleying 16 pecple and usinag exclusively
slin-caésting is operated by the C.C.C. through its

llegombo factory whichn supplies all its needs. It i5 surmised
then that any imput it mey recuire would percolate to it

from the Ceramic Research Laboratory throuch the Neagenko

factory.

Handicraft Centre of Varascoda

This unit supolies 16 small hancdicraft units all over the
island with clay, glazes and coliors. It's ivportance

is ther=fore consicderable. Judging by the aspect and the
cuality of the turnedecut products this crgarnizatiscn
urcently needs zssistcnce in the r.novatinn andag uo=-gracinge

cf its desicns, as regards both forms and decoration.

apart frow this Centre tocether with ell the cther

3

vnite sheuld c=2in considerahle gavantaras tharecucrih the
t

intrcducticn of 2 new line of rrcuuct 2ased Aan the uses o

J

£
ceclered, texture: and crvstallina ~lazas. Svecn rlzczes are
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cenerally unsuitable for mass production but on the
other hend lend themselves eminently for hzsndicraft

pr-Zuction.

S ch glazes could be developed at the C.R.L. and,
since the amounts that would be ultinately used are
unlikely to be larce, they could be easily produced
in the Glaze & Color Section, the establishrent of

which is argued in & another context. (5.00C.)

Future of Claze and Color Activities at tha C.R.L.

Sooner or later and prcbably sooner the C.R.L. will

have to extend its activities from the present testing

i.e., fact-finding to actual ceranmic products improvament

and development. Cnly in this way will it be able

through the emplcyment of all of its resources to ful-

fill its potential in the service of the country.

Few fields of ceramics are more important than the
manufacture of Glazes and Colers. Large amcunts of
these materials are still being imported and there is
a particularly larce and promising market arona the
manufacturers of wall and floor tiles. and therz are

of course other potential customers.

I it is desired that th2 C.R.L. enter this important
fi2ld - and this expert believes it snould; = then

several thincs will have to ba done. ~First of thenx is
the appointment of an official to take cherge cf these
activities. Since treaining by means of f=21lowshin at
commercial ¢laze meanufacturers' nlants is precbsbly net
feasible, placoiient in a ceramnic rescarch institute

(ECRA cores to one's mind) will procebly be the secend

best scluticn. Further up=cradine cculd he accomnlished

-

L Pl 4 T
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throuch the collabcration c¢f UNILCO Experts and Consulteants.

As important &s the developrieat of human resources is
the procurerent of facilities and equipment. 2nnex IV
lists the minimum of facilities that will heave to be

provided.

Art Glaze Forzulation

An addendum on Art Glazes, giving selected fernmulations
is being propared. FEecause of lack of time same is un-

likely to be included with the present report.




Molecular Formulae of Frits

(Piliyandala)

0.349 Nazo
0.056 K20
0.595 cao

0.472 21,05 0.567 5,0,

1o

(Piliyandala)

C.168 Na ©

0.128 Kk o

0.0€8 MgoO é3

0.292 ca) 4
11

0.540 ppn

0.032 Na,0

0.437 Al1,0, 0.366 B,0, 3.425 Sico
0.003 K0 273 273 2
0.425 Ca0
12
0.362 PbO
0-095 Na o 0.234 Aly03 0.355 E,cy 2.220 sic,
0.020 K ¢
0.523 cac }
13

Nazc 5.6%
ch 2.6%
Znc 4.3%
SiCy;  61.6%
A1203 7.7%
E;C3  15.3%

100.0
14
0.70 Pbo )
0.64 cac
0.02 NPTe)
0.03 tac 0.2 Al,0, 9.35 £,C, 2.3 gicC,
0.0c XayC ) .
05,023 Lizc .
0.52 Kol
I “nd




ANNEX 'II

Glaze Stains Developed at the C.R.L.

Ball Mill wet, dry, calcine

in Biscoue Tunnel Kiln

mill wet, wash by decantation,

dry.

I

Mix dry, calcine in Gloss

Kiln, wet ball mill, wash

by decantation, dry.

pink with glaze o

same as 2062°¢

Dissolve in water,
evaporate to dryness,
calcine Fiscue Xi.n

wet mill, wash & dry.

22
Chromic Cxide 12.5%
Zinc Oxide 38.0%
Tin Oxide 4.4%
Iron COxide 21.0%
Aluminium Oxice 23.1%
Grey-rose with glaze 9.
Medium brown with glaze
2 - 5%
2629
Chromic Oxide 34.5%
Ferric Oxide 30.8%
Zinc Cxide 34.6%
Brown with glaze T,
2%
362¢
Chromic Oxide 34.5%
Ferric Oxide 15.4%
Pyrolusite 15.4%
Zinc Oxide 34.7%
Licht Brown with T, Pink with olaze ©
2 - 5%
214
Cobalt Sulnhate
(Eeptahydrate ) 35.3%
Ammonium Nitrate 2.3%
Aluminium Sulphate £5.06%
Chromium Ovide €.3%
Plue green with Te& ¢

(V]
I

LAFLCE A YO
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Cobalt Sulphate
(heptahydrate )

Potassium Dichromnate

16,

ANNEX II

Dark green with T, light

2%

220

Potassium Dichromate
Silica
Calcium Carbonate

Calcium Fluorice

37.6%
20.8%
20.8%
20.8%

Leaf-green with E, light

2 - 5%

36

Stannic Cxide
Silica
Titanium Oxide

Vanadium Pentoxide

52
Aluminium Eydroxide
Zinc Oxide

Potassium Dichromate

223

Silica

Cazlcium Carbonate
Stannic Cxice
Potassium Dichromate

Leacd Acetate

84.0%
13.5%
1.5%
1.0%

43.0%
46.0%

{contd.)

ix dry calcine in

Eisgue Kiln

blue with o

Dissolve éichromete in
water & mix with remaining
ingredients, calcine in Gloss

Kiln, wet mill, wash & dry.

gray-green with 0

BEall Mill wet
calcine in Sanitaryware Kiln,
Ball Mill wet,

dry.

Cissolve dichromate in water
& mix with the remaining
ingredients. Calcine at 1400°¢c

for 2 hours.

Hix dry calcine at 1225%

for 2 hours, =ill dry

Mix dry with

Scdium llitrate
Calcium Cerbcnete
Boric Acid
Potessium Y¥itrate

WD
2

Ot L) W

.
th W0

0

Calcine in Eiscue Xiln; il

wa2t, weesh, drvy

.




ANNEX II

PI

Silica
Stannic Oxide
Calcium Carbonate

Potassium Dichromate

20.

24 .8%
41.6%
27 .8%

1.8%

(contd.)

Mix dry, add 1.6c Lead Acetate

in solution and 1.S¢ Potassiunm

F.trate; fire for 2 hours at

1300 C; grind wet, wash & dry.
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ANNEX III

( Zirconia-Vanadium Stains )

( not yet tested )

Elue

Zirconiui: Oxide
Silica
BEarium Carbonate

'znadium Pentoxide

Yellow

Zirconium Oxide
Titanium Oxide

Vanadium Pentoxide

e w
[e)] @ (73] 3% ]
. 0 3o
(92 wm
¢ of

87.0%
1.5%
11.5%

Fall Mill wet,
calcine bisgue kiln

mill wet, dry.

2all MMill wet,
calcine in Sanitaryware

Kiln, mill wet, dry.

.

WPy, R
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ANNEX IV

Ecuipment ané Facilities for the Glaze & Color Secti.n

Space Recuired: aporox. 40sg. meters

1

to

Digital Eelance, 0.1g precision, 10 kg capacity (Sartorius

or similer)

Ealance, 50 kg capacity weighing range 0.4 - 53 ka,
reading 10g.
1) £

Crucible Kiln, locally made -

High-pressure (7kg/sgc.cm) atmosphere burners for LP

gas 6 mm inlet.
Pressure reculators fcr the above 0-15 kg/sg.cm
Pressure gauges 0-15 kg/sac. cm,

Rotary Smelting Kiln, *) for charges up to 50 kg complete

with LP gas burners and low-pressure air blower.

Complete ball mill assemble witn 10 = 1 litre norcelian
jers, complete with motor, speed reducer and « charce

of balls.

Complete ball mill assembly with 6 = 4 litres porcelizn

jars, witn ball charge, motor and speed reducer.

50 ko. (wet) capacity bal. mill, complete with a charge

of balls, electric motor and speed reduc . r.

Labcr Filternress 15 x 15 cm, 10 trays.

Pressure 7kg/sc.cu for cperaticn with ccmnpressed zir (EZosulton). .
Porcelain mortars and pestles 15 em dianeter.

Porcelain nmortars and pestlos 25 ¢m diareter.

Laboratory Cryar, znorox. 1 cu.m., 20=200°C with ventilaticn,
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ANNEX IV (contd.)

Trolley-mounted mobile high=-vacuum pumping unit; sucticn
-i3

efficiency, 150 litres/sec. Ultimate Pressure 1x1%0 mber

(Rudolf Brand GMEE & Co. Y. Germany or similar)
Mcdel 1 Pascall Tripple Roll Mill, porcelain rclls.

Pascall disc Grinder, 203 mm hardened steel corinding

discs, 3 HP motor.

Franz Ferro Filter, bench type, top-fed, for laboratcry

use.

Air Compressor *)

Crucibles *)

1) An improved model is being presently tested at
the C.R.L.

*) Full specifications will be civen in an Adcdendunm.






