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r  ¡ÍB3T1ÍACT

'fhis is a brief description of the manufacturing 
tochnology of docoratiug coloura for ceramico, glass 
and china v/arc.

It shows the "basic assortment of the colours 
and tempo ratux’crj at v/hich they arc to be fired# 
firing temperatures for glass colours range from 
530 to 63UOG, for ceramics and china ware from 
6UO to o20°0.

The marlufacture of the colours takes place in threestugess
- Production of fluxes - by melting preferably 

load glasses due to their good meltability# High 
quality raw materials carefully weighed are 
required co achieve the correct composition and 
shade. Fluxes con be transparent, opaquo or 
coloured.

- Production of pi mento - the batches contain usually 
3 to V components of carbonates and oxides which 
are to bo uosed accurately, Homogenized and fired 
well at as much as 135G',J temperature for 1 to 6 
hour period. Kilns nay be electric, gas or oil fired.

- Productior of colours - is oasisally done by 
grinding about ho to 95$S of fluxes together with 
5 to '¿u,j of pigments, deigning must be very 
accurate. T.ie size of a batch is usually 30 co 30 kg per colour, however, smaller ones are 
not exceptional# In suoi oases the size of the 
equipment used for ilio small px-oductiou must bo 
enoso.i no.-uptritely.

•Juris paper also gives a*’ rue a on 
oseenl iul production end J.abox’atory lectin,;

tjie ’most
equipment,

nvera.p' p codile, lion raid s to rage square areas, v/atex* 
and energy consumption and. standard inspection 
condi lions.

Jo00racy, shill end carefulness of tlio workexvj in such n produe oion plant are stressed us well as 
the risks they are exposed to and, hence, the basic 
pi’otcctivo aids required fox- them.

iiorcovox’, the required quality and typos of raw 
materials and chemicals ax*e very important and, thex’e- 
foX’o, they are specified in detail in the Annex,
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I. INTRODUCTORY HOTli

Upon the interest of a company in India 
conveyed to the UIIIDO-Czechosxovakia Joint ProG**amme 
for International Co-opcration in the Field of Ceramics, 
Buildinc Haterials and Kon-metallic minerals Based 
Industries by the U1IIDO Vienna Industrial Inquiry Service, Industrial Information Section, the manufacturing 
technology of decorating colours for glass, oeramios 
and china ware was explored.

Decorating colours for glass, ceramics and china 
ware are powder-like substances of various colour shades 
to be used for decorating ceramic, glass and china ware#

Host of the colours are composed of very fine-grained 
and colourless lead-borax glasses and ceramic pigments 
manufactured by proper technology. Gome of the colours 
may be formed even directly by finely ground coloured 
glasses. The decorating colours firing temperature ranges 
from 530 to 820°C depending on the type and purpose 
of use.

These decorating colours, when made and applied,,, liberate a lot of harmful substances, c, g, Pb+2, Cd* , 
Zn+<- e.hd must not be used on surfaces coming into contact 
with food and workers handling with them must be well 
protected by rubber gloves, breathing rasks, etc, and 
baths with showers must be made available to them.
The workplaces must be equipped with exhaust fans and 
kept perfectly clean all the time.
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II, DEFINITION OF PRODUCTS

Decorating colourb for ['lass, ceramics and 
china ware are powder-like substances of variouu 
shades to be used for decorating glass, china ware 
ana ceramic ware,

Fundamentally, the majority of the colours is 
a mixture of very finely "ground colourless lead-borate Glasses and ceramic pigments processed by due technology. 
Some colours can yet be formed directly by finely 
ground coloured glasses.

Those decorating colours for glass and china 
ware which, after application, give off large amount of harmful substances, i, e, Pb-K-, Cd42f Zn^ must not 
be used on surfaces coming into dix*oct contact with 
food.

Decorating colours for glass and china ware can 
be applied by brush painting, spraying, silk-screen printing or, indirectly, by moans of transfer pictures.

Depending upon the application method the colours 
are mixed with v/ater, spirit, turpentine, various 
volatile essential oils, silk-screen printing oils, etc. 
The decorating colours are often dusted in case of 
transfer pictures preparation. This process is done 
by the manufactur'd* himself.

Assortment of Basic Colou?.*s
M  M  M  W  •< M  M  M  M  —  M  mm M  • * M  mm •• • •  mm mm

i.Iixod shuues arc to be prepared by mixing 
of basic colours,
A, Dccoratin,; colours for ..lass

1, Covering colour's fox* glass for the temperature 
of 530°C, Baric assortment consists of 14 
colours.

2, Cove*ring colours for glass for the temperatures 
of 530 to b60°C. Basxc assortment consists of 
14 colour's»,

3, Transparent colours for glass for the temperature 
cf 530°C, Basic asGoi’tment consists of 4 colours.
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CheniicalD "esistont colours for packing and 
jacketing structural ¿¡lass for the temperatures 
of 600 to 630°C. Basic assortment consists of 
10 colours*

5* Purple colours - 4 types.
Most colours of a certain type can be inter­

mixed whereby a wide range of colour-, shades of 
a particular type can be obtained.

B, Colours for blazes of ceramics and china ware
1. Decorating colours for glares for the firing temperatures of 680 to 820°C.

Large variety of colours containing a series 
of shades of the basic colour scale. The 
assortment includes about 30 colours.

2. Purple decorating colours for glares and 
china ware for the firing temperatures of 
760 to 820°C.
The assortment of 8 coloux’s includes pink, 
violet, light, medium and dark purple colours.

3» iielief pastel colours for ceramics ana china 
ware glares for the firing temperatures of 
720 to 800°C.
The assortment includes about 20 colours 
for china v/afce and enamels.

4# Chemicals resistant colours for glasos and 
china wave for the firing temperatures of 
760 to G20°C.
Baer'c assortment includes 12 colours.
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III. BRIEF DESCRIPTION OF SIDS ¡¿ANUFACTURIliG TECHNOLOGY 
OP DECORATING COLOURS FOR C1SRAKIC, GLASS AIR)
CHINA WARE

The tcchno3.ogical manufacturing process of all 
types of colours consists of the production of 
semiproducts and of the colours production proper.
The semiproducts are a) fluxes

b) colouring components
The final colours usually contain 80 to 95% 

of fluxes and 5 to 20% of colouring components.

The principal manufacturing process is based 
on melting of glasses. The fluxes are easily meltable 
lead glasses of different cornpositions.

Each group of colours needs usually a special 
composition of the fluxes in view of the firing 
temperatures and development of required colour shades. 
Raw materials for the production of the fluxes 
must be commercially pure. The technical requirements for their quality are suown in the annexed table.

Always fine raw materials only are to be used 
for the proruction of the fluxesi
minium, ground silica, washed kaolin, boric acid, 
soda nifn, ground limestone, borax, sine white, 
sodium and potassium feldspar, titanium vm.i.to, 
potassium saltpetre, potash, barium carbonate, 
antimony trioxido, sodium fluorosilicato, lithium 
carbonate, magnesium carbonate, fluorspar, cadmium carbonate, cryolite.

¡.¡atorial for batches must be weighed very 
carefully by skilled labour according to the recipes 
into vessels depending on the sizes of the batches and of tin.' melting equipment.

'file batches must be thorougnly mixed• tt Intensively mixing modem mixers, o. g. mixer of tiie Lodige system, 
are used for the mixing process. The time required 
for homogenization takes about 15 minutes.
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The mixed batches in containers are to be 
transported to the melting equipment. The sizes 
of the mixers and containers depend on the volume 
of the production. The usual sizes of mixers are for 
70 kg', 500 kg and 1000 kg uatchea.

fluxes may bo either transparent or opaque . 
or coloured, ftierefore, trie melting equipment must 
be adapted to suit to these requirements. Two or 
three oil or ¿as fired revolving melting furnaces 
with easily replaceable linings are moot suitable 
for a small production. In ease of large production 
of the fluxes small discontinuous tank furnaces with 
special linings or continuous melting furnaces are 
used. 7/hen very 3mall batches of special colours are 
to be made a crucible furnace iG used.

The melting temperatures depend on the type of 
glass and are within the range of 1050 to 1300°C.
The melting temperatures are to be watched by means 
of such instruments being suitable to the particular 
type of equipment, e. g. by optical pyrometers or 
Pt-Ptlth thermocouples.

It is necessary to know the size of the production 
of the individual types of colours to be able to 
decide the typo of the melting equipment. A larger 
equipment should be chosen for the production of 
transparent types of fluxes which usually form the 
main part of the production, iiolten glass is dis­
charged into vessels with cooling water where, due 
to the action of water and cooling, it gets disintegrated ino a granulated product. The cooled-down glass 
granulated product is removed from the vessels 
manually into bags and left dried freely. When the granulated product has dried up it is to be tested 
and duly marked. Tno granulated product is put to the 
store of Gomip'roducts. livery batch is to be tooted.The quality of the fluxes is a decisive* factor for 
the quality of the colours to be manufactured.



Pijnonór;

pjiin pi ;ne:its boin.j the colourim.' component я 
>lours can bo c:i leer made by the nanufacturcrCoro:

of tiie cole.•lii.irjoir oi* pure lased from Inrje producer:! oi‘ pijmento* 
In cr.se oi' small production ad colours, except for the 
purple o.i‘ Cumin:;, If j s udvisnbbe uо puronnse all 
t' e required pLjmcrity.

i’iriu,; of h ic presciuLbed ra'7 material mixtures 
at a certain temperature and for a certain time in 
trie main process in the production o ' the corninic 
pijmouts. Viie xiriity; tcjiiporaiuros mof;e from 
f’>00 to l[VjUnC, Trie firing time at t ic 1 лги:ilium 
temp ora «.arc tales from 1 to 6 sours, Cadmium selenate 
pigments are fired at about 60(/4; temperature and. 
require a .spec I a.I loo.-umlo;;,/. v Lr j n(j of p j. jaunt c 
сел be carrieri out oi.titer is eleciriculiy boated 
or jas on о Li ’i лм! kilns# Vn- a > no of the s truc ture 
uud outp 1.1 •:.» f the eqeipnio'i! t depend on tiie size of 
the production, iievertueloas, a uniformly heated space 
in all the typos of kilns is required durinj the 
peak temperatureu•
iiav/ ina■; •rial,.; roquired l’or tue production 
0.1' pi;'mento:
f in e  \/iilt;o BuO, mmjunoso carbonate  i.inCO3, coba.lt 
su lphate  CoJU,;.7 ii fu, c u b a l i  oxkle  Col', fuiinonium 
aJ.uminujn r:ulpjin.te‘'Àl ;,  i! l,j.CO/j. Ibi 1 1 1 ) ,  olii
d ioxido oiiO; , colcniiim pov/aer Ce, cudmìum carbonate 
CdCOji s i i  ver  carbonate .ijyOO-j, j o l d  melai  ÀU, t in  
metal Cu, le  ad oiiromnto PbCrO,j,f bQ, Lrou t r i o x l d e  

o!ironie oxide CvyU-j, ma»’ .;anese d io x id c  i.luÔ  
( b o r e i ) ,  sui.pii!■ r  C, erulmiuiii suiphLde CMC, ummoniiini 
\ anadu!u-> .1 .II,] V 03 .

Viie batch'e; о i' ceramic ¡'1. ;■ leu tu consist usually 
oi' i to 7 Le, Ve e i.’u'.v ’.’al,or LaLs are to be
v/(.'.Iu;u<’u by Sihi ) J ed labuiir carefully uceordlrq; to 
the recipe into vessels tuo sizes о Г v/iiicb depend 011 tue sis,on of tiie batches.

¡.'he .individual batches croi be homo/pori zed
a) in dry state
b) in v/et state.

bry nomof;;enizal,ion :is carried out in mixers 
provi dod vvi-bh a very of fee Live minis; ; devl -e.  Viie 
sizes of tue mixers depend on the size o f  production
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and they can be for 70 k,_;, 100 k*j or 1500 k(j 
batches.

Weit homogenisation is carried out in ball mills 
of different sizes for 50 k,j, 100 Icy, 300 ky or 500 k£ 
of ground, material with porcelain lining a. flint 
or corundum pebbles are used for the milling* '.Vator 
is used as raining medium. fine slurry from the mill 
is dried in a ear tray drier at fiO to 100°C temperature, 
file dry substance is pulverised in a mixer and made 
thus ready for firing, Tie dry homogenous batch 
is to be manually filled into fireclay closed sayfjerr 
and fix’cd• The fireclay uayyera must be provided 
v::r th a thin separation layer before filliny. The 
fireclay sabers containing fired pigments are to 
be emptied manually by knocking out. The fired 
pigments arc sorted accordiny to tee batches. Gintored 
typos are to be crushed in a jew crusher.

Grindinu’_of _Pi^cn ts

The containers v/itu fired and. crushed batches 
of the individual pigments are to be put to tlir 
yrindiny plant. Tlie piymcrtc fire yrounrl in drum mills 
with porcelain or silo: lininy, flint pebbles are 
used for the yx*ihd:iny process. Water is used as 
(¿rinding medium. The sines* and number of mills depend 
on the si so o-" the production. Tim commonly used sizes of mills ave for 50 to 3'->0 ky of ground material. 
At those types of payments v/nioh need no be ’//ashed 
the slurry from the mills is drawn off atrniyht 
to the trays of the drier oars and dried. Golub!e 
salts are to be removed from some pigments. The salts 
are v/anucci away by clean service water, fee v/ushiny 
is carried out either in a filter press ox*, in case of low production, the v/a shiny process takes place in 
vats by doc?xi'! tin,;.
• flyments are to bo dried in cabinet driers after 
v/asuiny, homogenized in u mixer, inspected and put into the store.
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Manufacluro_or_ColOurs_Pro2£r

î rom the technological point ol* view the colours 
for ijlass, chinu ware and ceramics can bo classified 
as follows:
a) ]!on-cnleinod colours
b) Calcined colours
c) Colours melted as coloured ,;laos
d) Special colours - purples

a) IJon-calcincd colours
Uon-calciuod colours are produced by 

l̂’indiHo fluxes alont; with pigments. The ratio 
of pigments and fluxes vnri.es and depends on the requit’ocJ. deepness tuid shade of the colours#
'.'here are usually 00 to ■ o;‘ fluxes in the 
colours. Tin.-re are often combined different 
fluxes and pigments in the recipes to obtain 
certain properties of tin? colours# V/ei yhiny of 
the batclies to be put :iul.o the mill and ridhexyoice 
to the pruocri.bed technology must be very accurate# 
Despite  that s/inu’ correct ions in the recipes are 
s t i l l  to be undo-t ine 'to Ih.ie be .fore l.ue production 
process .is completed, Vue correct.ions nre based 
ou t ic rc• sii . l x j ' o n u d  out .from >■ in intprmion .Laboratory 
by s h i l l e d  ••/(’rkors• ie. .i 'Lu""esr o f mi 1 1 .in/;, shade
and ov'ouni.L ’voperiios «•/ tre odours after firing 
Cwi’e ''hieckcd oy n. process  control# Colonj’s are ,-'round i’i 11a.i.J. inf J J.r» The si:-;'? of a baton is usually 
.30 ; o bo I'd "■' a colour# doloura are ¿'round vif th denatured otuyluleohol, VI Iststone pebbles, porcelain 
or steatite halls are used for the ;;rindin,-.;# The 
mills -are provided will porcelain liulr,;»

'due s l u r r y  o f  t ie , paviud colony's i s  to ho 
e-:parure0. .fu e. jiur:i f f je s  v;i th tor. t i l e  l i l t  in,; anil 
i ' r  1  e d up, . i. a . '1. e o i i o 1  f i ]  t v r  ite ' s c o 1.1 e c „ e d , 
rot  uni od to J prodeo t i e r  pro cor;." and mixed -7.i. th
pero alcohol# ii-iohenod s l u r r y  1,110 ''-'’ lo u rs  
i s  dried i.u a  steam ox* hot v/atev seated cab inet  
d r a . r  of  exp.'.oaionprooj.’ des.hpu Tue co .fours are  
dialed on f r a y s  oi’ r lr ior  curs  ax about '(■) to 'J0 °C 
temperate ire#
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The manufacturer of colours usually cannot 
avoid making ouall batches ordered by none 
customers. Small batches of 5 to 10 kg ore ground 
in small porcelain or glass drum millG. The slurry 
of the colours iri such cases is not thickened but 
is to be dried on the trays in the drier directly#
The dri:>d colours arc homogenised and pulverise 1 
in a high-speed mixer. When the product is re. .y 
it is to be tested in the laboratory again and if 
found satisfactory it may be despatched. The colours 
are packed in barrels or tins with a polyethylene 
lining#

b) Calcined colours
Fundamentally, the manufacturing process is 

similar to that of non-calcined colours# However, 
there are some additional operations in the 
technology which make the technological process longer#

Calcination is a process of melting fluxes 
with pigments together to obtain certain final 
colour shades and to prevent undesirable processes 
at the firing of the colours at the consumers#
Some colouring components may part .tally enter the lattice of the glass during the calcination that 
may get coloured by ions (Co),or pigments which 
may get decayed easily are coated with glass 
whereby their further decaying in prevented (CaS);

When calcined colours ore to be produced 
fluxes are ground along with pigments first#
Grinding, centrifuging and drying of the slurry are 
made in the some equipment as An the case of 
nou-ca.Lcincd colours production, '¡'tie dried slurry 
of the ground mixture.is to be calcined (smelted) 
in fireclay dienes in ail electrically heated furnace. The calcination temperatures vary from 600 to 050°C. 
The fireclay dishes are provided with a separation layer to prevent the colours from sticking to the walls of the discos.

Chamber furnaces may be used for a low 
production of colours v/nile well controllable 
channel furnacos of narrow cross-section should be used for a larger production.
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The calcineb of the oolouro ore collected 
and inspected in the laboratory. Their further 
processing is similar to that of the non-calcindd 
ones, i. e. they are ground in ball mills with 
alcohol, centrifuged, dried, homogenised and 
pulverised into a finished colour. The finished 
produots ore tested in the laboratory again and 
when found satisfactory they are despatched.

o) Colours melted as coloured glass
Coloured glass frits are mude in the first 

phase of the technological process by melting 
batches according to the prescribed recipes.
Mostly crucible furnaces arc used for the melting 
because demands for these colours are rather 
limited. The melting io to be carried out by 
a skilled worker, Further step in the technological 
process comprises grinding of the coloured frits 
into powdered colours. Tiie same teclinology as 
descriucd above is applied afterwards.

d) Special colours - ourplea
Purple colours of all sorts from pink 

through violet up to deep purple red are made 
similar way as the calcined colours. It io very 
important to strictly keep to the technology.

Cassius purple is the colouring component of 
these colours. The Cassius purple is made by 
reducing the Au+i solution by means of tin 
dichlorido and tin tetrachloride and by the 
adsorbtion of the finely reduced particles of 
gold from the hydrosol into the precipitated

The gold solution is prepared by solving 
the notal gold (99.99) in aqua regia. The required solutions of tin dichlorido and tetrachloride 
are prepared i;y solving pure Lin in the appropriate 
acids.

The production of Cassius purple; thlceo place 
in earthenware or wooden or other vote and 
the precipitated fluid is washed by decanting 
at the some time.
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The thickened clurry of the Cassius purple 
is converted 'ey calculation into gold content (Au) 
and then dosed as admixture to fluxes into the 
Grinding mill#

Most of the purple colours need a special 
composition of fluxes# Different shades of the 
purple colours ore made by silver (Ag)compositions 
o# g. AgoCO^ t etc# Further 3teps of the technological 
process are similar to thoso of the calcined 
colours#
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IV, LABORATORI!¡3 AUD Ti)G'L’IRG

Tootim: laboratories and teclmical inspection 
of products

Well equipped laboratories Гог process control, 
service to the customers and tecùniual inspection aTo 
essential to provide l’or (;ood quality of the products and to meet the variety of customers wishes in the 
production.
Basic laboratory anuioment
1. In-coming raw materials inspection - a current

laboratory equipment is required to make analytical 
inspection of all the raw materials for the production including ordinary basic instruments 
used for tue analyses. A spectral photometer is 
very useful.

2# Process control, technical service and out-i*oin£; 
inspectionA laboratory for these purposes should bo equipped 
with small laboratoi*y electric jVmaces for the 
firing of test pieces, small laboratory /rrindinG 
ball millB and ¿Дани plates for Luc ,■-rinding of 
colours, an instrument for the measurement of 
particle slues, inspection of Grinding curves 
and viscosimeters. Л colorimetex’ in useful, loo. 
Labor tory throe-cylinder and silk-screen printing 
equipment#

3. All the laboratories are to be manned with nkillc 
workers* One of them at least must be conversant 
with the application of the products.

Basic conditions for the production of cc comic colours
AID places where dust occurs during the production 

must be provided wi.tli a dust coline tint; system.
Places where denatured alcohol is used: ball mills, cabinet driers, centriiiiGOO, electric 

power linns must correspond to respective standards.
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Driers, centrifuges must be of • .explosionproof 
design. The Grinding mill plant for colours must De 
well ventilated to ensure an staple air exchange•

Standards to Do Adhered to the Uaimfacturer, 
Customer andMInsBgctionjiAuthorities

Colours for ceramic glass and china ware, when 
applied to surfaces supposed to come into contact with 
food, when kept in an extract of 4'/- acetic acid at 
20°C for 24 hours, must not liberate more metals than

0.01 . me Cd . dm"2
5.- mg Zn • dm"2
0.10 mg Pb • dm"2

Technical requirements
Colours for glass and china ware must correspond

to the following qualities:
Moisture content on delivery» max. % ••••••• 1
Fineness of grinding, residue on sieve
0.063 (10000 mesh/ciu^) max. '¡» ..•*.••••••••• 0.1
Meltabler.oss (firing temperature in °C)

glass  .... ..................... . 0-560
china ware 760-U20

Colour shade corresponding to 
the standard



Determination o.f standard specimen
Standard specimen is a colour for class or china 

ware from one operation which meets all the requirements 
(as per teoimicnl requirements) •
Determination of moisture content

Weighed specimen is to be dried at a prescribed 
temperature to reacii constant weight and the lore in 
v/eight is to be found out.
Determination of fineness of i-;rindiin;

About 100 g specimen dried at 110°0 is to be Y/eighed at the accuracy of 0,01 g and put to a porcelain 
dish in v/liich it is washed on 0,06.3 racBh sieve 
(10000 mesh/cm2).

It is to be weighed after drying,
Meltabloness and colour shade

Colour shade and meltableness arc to be compared 
with the standard specimen,
- Colour being tested is to be ground on a glass 

plate or in a small laboratory ball mill and then 
applied to the glass or china subject either by 
spraying or by a brush. The standard specimen is 
to be processed identically. After firing at the 
appropriate temperature, depending on the type of 
the colour, the colour shades are to bo compared 
after cooling.
Evaluation

The colour being tested is satisfactory if no 
difference is visually found out when the two 
samples arc compared for shade and meltabloness.



Inspection. packin.:, transportation and г torace
The consignment ia inspected both for quality 

and quantity at the customer s.
•I oaRiplc ia taken from, eacli complete production 

batch* In case the cuctomer a inspection detects 
that the colour does not meet the requirements 
such on inspection teat Js to be repeated at the 
presence of the supplier s representative. The 
supplier is obliged to send his representative 
to be present at the repeated testing within 15 days 
after receiving the written claim.

In case the consignment ia found unsatisfactory 
even by the Jest carried out at the presence of the 
manufacturer s representative the customer has the 
right to return such a consignment*

The colours are filled into,despatch wrappings 
of various sizes as per customer s requirements.
Every packing must read:
a) Supplier's name find address or a trade mark
b) ilawe of the product
c) Weight
d) Production operation iio. and date
e) Warning aign

Poisonous and dangerous when dust is inhaled 
or in contact with complexion!

Custody of standards
Tnc r;tup.hard spec:!nous of each type of coloup 

weighing 500 g ouch,are kept both at the customer r. 
and at the supplier a. They are used for comparison 
tests. .Vilen tre standard specimen runs out of stock ti 
manufacturer shall supply the ctandord specimens of 
identical quality as the former ones.



u

, inaw

------
The above described products contain fused-in 

lead oxide (PbO). Lead compositions may cause acute 
chronic intoxication» They attach especially red 
blood corpuscles and nerve system.

While handling with the product such tcclinical 
measures should be token to prevent any harmful 
concentrations in the atmosphere exceeding the maximum 
adiniesible limits (e. g. lead 0,0'j mg • m3 as an 
average, 0.2 mg • m3 an an extreme one).

Workers must be provided with personal protective 
aids particularly to protoct bends (rubber gloves) 
or breathing masks in case of spraying, etc.

The work place must be kept perfectly clean.
While handling with the colours any eating, drinking 
and smoking are prohibited. There must be bath 
provided for the workers to enable them to wash 
themselves thoroughly after work (have a shower).

The workers must be outfitted with working 
dresses as protective aids. These dresses must be 
changed regularly for clean ones.

Cleaning of the workplace must be arranged in 
ouch a way so that no secondary dustiness should 
be increased thex*o.

bince both the products and the production 
process nave been declared as risky ono3 by the 
health service authorities the vorkers must be 
suojected to regular preventive medical examinations.

In case of acidproof colours for glass (used 
for structural glass for outside tiling of buildings) 
they should bo tested for resistance against acids, 
bases and hydrogenc sulphide.



19 -

V. ORIENTATION DATA OH PRODUCTION AREAS, ENERGY 
ADD WATER COHSULIPTIOII

/

Since the intended extent of production is 
unknown some orientation data are shown here for 
a yearly p?.*oduction of 50 t of colouro.
1* Production area proper approx. «•••••••.. 1000 oq.ra
2. Raw material, semi-products and

final products storage area approx. •••••• 600 aq.m
3. Process control and inspection

laboratories area appro::. ••••••*•••••• 100 oq.m
4. Offices approx* 100 sq.m
5. Combustibles store situated at

a safe distance from the production area.. 20 sq*m
6. Underground tonic for used alcohol

- content 2 cu.m

Consumption of enerr_v and denatured alcohol
1. Maximum electric power consumption

per hour incl. lijjhtin*: •**,*•.•••.••••••• 300 kV/
2. Heat in;* oil for the firing in the

melting furnaces ........ . 21000 kij/yoar
3. Consumption of dc?nntureii. alcohol

per year ..................... ....... . Ic'OOU k^/year
4. Service watei* consumption 600 cu.m/yean



VI. FlilAL iOIi
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£5HJ»£i£i*i£l___________ ¿'iiH£=I2£i_2'ii£i!2£l££i£ii££-.Z_i£2ii2Li,
Minium chemical formula ........... . Pb^O^

molecular weight •••••*••••••• 605*¿3
maximum mole lure .•••••••••••• 0.5&
maximum residue on sieve(4900 mesh/cm*-) ........ . 3.01*
iiiinimum lead dioxide
(Pb02) content ...••.•••.••••• 29«0,*
minimum lead (PbO)content ...... •••••••••.•••• 97«0/>
residue insoluble in
nitric acid and in
hydrogen peroxide ••••••••••. 0.3‘,j
water soluble salts  .... . 0.3/'

Ground Silica chemical formula •••••••••••. SiO^
Si02 ........................ 99.5A-
Al.,0, ......................0.5/i(• Jsieve residue on
*1900 mcoh/cm^ •••••••••«••.•• 7.0'’

Ground Washed 
Kaolin

Boric Acid

Goda Ash

chemical formula • • • • Al^O^• 23 iO^ • 211,0
content of A1,,0, min. .... . 37.0>)c- 3content of Fe^O^+TiO^ max. ... 1.2A>
content of TiO^ max........ . 0,3'A
moiRture content max. ••••••• 10.07>
sieve residue on 0.063 mm..... 0.05',)
chemical formula 11̂ 30̂
content of boric acid min. ... 9Ü.5;- 
contení; of v/atcr max. ....... 1.0, •
contení; of sulphates 
(>J0 j) max. •• 1 •••••• ....... . 0.6',;
chemical formula ...........  Ua^CO^
content of sodium carbonate
(as .’¡a;,C0-j) min. ...........  99.5 97.5,.
content of matters insoluble
in water ruvx. . . . . . . . . . . . . . . .  0.09 o..L‘,
conte it of cnloridos
(as ñaOl) max. .............. l.;:o 2.0'
content of suiphuóoo
(as .in̂ oû/j) ............ ......not deles.n'u,
content of i.i*' ■
(as >0j) ...................................  .vo-JO O.0.1
loss on i.jnition ..... •••••• 0,5 u.M',
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Ground Llmeetonô chemical formula ••••••••• СаСО^
СаС03+1.1ь'С03 mili. *........  93.Oíí
out of thattüfjCO^ max. •••• 6.05» 

3x0., max. .... 4.55'’

Crystalline Borax 
commercial

AL.O-.+l’c,!)., max. 
J  ¿  J ........ 3.5/j

out of that! Fo.-G max. ... 0,55»
__________ __________ __________ _____________ — - _____ —
chemical formula ......... х^В^О^.ЮИ^О
content of anhydrous
qodiimi tetraborate
(ITâ B̂ Ô ) min. •*•••••,*.. 51.75»
residue insoluble in water 
(annealed) max. .......... 0.35»
sodium carbonate
Ula.jCÔ ) max* ........... 0.75'

Zinc white chemical formula ZnO
oontont от" zinc oxidc
min. •»•.••.•••••••••••••• 90. 2‘,,5
conteii t of lead
compocitione ao PbO ma::. •« 0.55» 
metal zinc ma::. .••••••••• 0.15»
moie ture dontent max* •••• 0,55>
residue inooluble
in iIC.l nere. .............. 0.il','
v; il ito no ss /* .'¿0=100/ min. •• 91.055
я leve residue. ora
10000 uosii/cr.i^ max. . . . . .  0.7',

Sodium -  Potassium chemical formula . . . . . . . . .  ¡i.O.iia/).
Peldopar ^. ul.,0̂  . 6SxOi. J.

content o f K,,0 approx. . . .  10,0',.> 
con.tent of da/) appro::* . . .  3.0,.’, 
content o f CaO appro::. . . .  1,35 ■ 
content o f A1,,03 approx. . • 19.0, 
content of 0:10, approx. •• 66,0/

t
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Titanium white 
in powder

Commercial
Potassium
Saltpeter

chemical formula ••••••••«••••#• TiO^
titanium dioxide Ti0o min# •••#• Sd#0',j
iron (Fe)nax# ••••••«•••••••••••• 0.07',j
salts insoluble in water mo::. ••# 0.4/j 
moisture content max# #••••••••#• 0,3'wf
loss of ignition max# 0#35/«

Practically, it is tested a3 a 10',; 
admixture in the fluxing a/jcnt inade 
as a colour for ¿;lac3# It should be 
covering white after firing without 
yellowish shade#

chemical formula •••••#••••••••• KilÔ
content of potassium
•nitrate min# •••••••#••••••#«#•• 9V#0'J
water content raax. •••••••••«••< 0*5/;
content of ciiloridos
(ItaCl) max# ••••••••••••••••••••• 0. i»', •
content of carbonates
Uv-.CO-,) max# •••••••«#•••••••••• 0#Vj‘,»
cofltent of matters insoluble
in water marc# #•••«#••••••##•#« 0#10‘,J
content of iron (Fe3+) max. •#•• O.lu;'

Hydrated Potash

content of potassiumcarbonate (K,,C0.. ) min# ••••••* icontent of potassium
cu lphat e ( li.¡0 ) max# •••••••«- 'Ycontent of iron (Pe) no::# . •

<- J
#1.5H20 

• • • • o. 03' ’
Commercial Barium cler.i.lcal formula ••••#•••••• •#•• BaCO^Caroonate

content of barium carbonate 
(BaCO ) in anhydrous 
specimen min. ••#•#••••••••••
water content (H,,0) marc# •••im

It is poisonous.
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Antimony Oxide

Manganese (II) Carbonate

chemical formula Sb2°3
content of Sbo0o <- 3 min. . 99.0ft
impurities max. • • • 1.0ft
out of that* As max. 0.5ft

?b ram:. 0.25ft
i*’e max. 0.05ft

moisture content max. 0.5ft
sieve residue on 0.063 mn(10000 mesh/cm2) max. 0.5ft
chemical formula .«••••«•••••. ¡JnCÔ
content of manganese
carbonate (i.nCÔ ) min. ••••... 90#0ft
mattora insoluble in
hydrochloric acid (IlCl) max. •» 0,1ft
content of SiO^ max. .*•••••• 0.1ft
content of calcium
(as GaO) max. ............. . 0.2ft
content of alkalis
(K^O, iia20) mo:;....... •••••••• 0.3ft
content of higher manganese 
oxidcD (as max. ..••••• 0.5ft
content of sulphates
(as .iCft) max. 0.5ft
content o; chlorides max. ... 0.05ft
content of iron (as

) max. .....   0.2,.
content o f  heavy nótala 
(as On) Max. •••••••••••••••• 5ft
conten '; o<:' magnos ¡nun
(as ft,;u) max. ......... ........... 0. 1ft
content of barium 
(as JaO) max.
Cuot-ftgO nm:.

t

0.1ft
0.3 ft
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Nickel Oxide

Practical 
firing test

chenical fonatila NiO
content of nickel and
cobalt (an Hi) min* ..••••.••• 76«0'm
cobalt (Co?*) max* ••••••••••• l.Byj
Dulphaten (N0^") max. .... . 0*1'j

in 5í’ concentra*' nia¿;netic activo ir.ipuritier»tion in lead Glane or in 
fluxing a^ent

Copper Oxide 
commercial

Practical test 
of colouring ‘ 
(lead) {jlar.e 
or fluxing 
a^ent

max. O* 2H>
loar; by dryinc max# ....... . O.iY,j
bulk den city 1’g/utV rain# ..... 2 »>¥,’■> 
sieve residue 0*1 urn nax. ••••• 0.5',-
chemical formula CuO
coni ont of Cu in. ••••«••..•• 72% « yo.l CuO 
content of chlorides (Cl) max. • 1»0% content of iron (Fe3+) max. .... 0.2Í¿

Commercial Chemical formula AlyO-jAluminum
Oxide content of A1,,0_ min. ••••.•••

2 3 
96.3‘m3content of Giu,, max. •••••••. 1. O', ;

content of Fo.,0 max. ....... . 0.05*/>
viator (¡1,0) conirulti max. »«•••* 1.0',.
losa on ignition mas. 35»o;J
other inpuritie-s mo::. ••••••••• o.2‘,>

CommercialSodium
Fluorosilicate

chemical formula
content o T iia.-,oxi’̂ mij> • ..••••
free acids calculated into 
hydrochloric acid iH'l p, n« max.
content of sodium onloride 
HaCl max. ...... .............
content of iron (Fo) max. 
insoluble residue max. 
moisture coniont r.ax.
Grain slue on 0.1 nr.i 
me oh si bo max.

• • • 0 

#####•••

l¡â í3ií’6
97.2',;

0 .2,j

i.o',y
o.r,;
0.5V)
o.5t>
15. oí:
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chemical formula «•*•••••••••*• GoSO^.THgO
content of cobaltous
sulphate CooO^«?H00 min# •**••• 95«0/«
content of insoluble 
matters max* «*•••••••••••••• 0*1^
content of chlorides 
(Cl') mux* ••••*••••*•«••••••• 0.05/j
content of iron max* • •• 0*15^»

Ammonia Alum chemical formula ........... A12(S0^)^
(HH4)2iX>4 . 24 li20

Tin Dioxide

content of Fo,,0a mu:;* •••••••«•<- Jcontent of CuO max* *.••••«••• 
¿1

content of Cr,0..+0a0 ••••.... .

3n02 
250 ij/1

microns
99.9;-
0*005;.;
o.ooi;/.
o.oo5;j
0

Lithium
Carbonate

LiMC0^

Dolomite chenrionl fonmila •••••••.....» CaCOjj •
30;;
23;-

IJa';. icr/vp.u 
Carbonato chemical ion.iuln «•••••••••*••*• jcc>3

Ground
Fluorspar

Gnomical formula •••*••••«•••«• CaF2

}31ack 3 g Ionium chern leal formula •••#••••••••••
Practical tost - laboratory 
production of bright rod pigment

3e

Commercial
Crystalline
Cobaltous
Sulphate
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Cadmium Carbonate niipwinnl f  (vrnul h CdCO^

Silver Carbonate r*-ipm-? n«i"l ■fnmnnln . . . . 1 . . . . . a g2co3

Cryolite nhorii ftnl ■’m’l.iiil n lia^AlFg

Gold Ilotal nlipninnl i'nTTillll fl . . . . . . . . . . Au
Granulated Tin nliPtiH r r I fiiT-miiln . . . . . . . . . . Sn - chemically 

pui*d
Lead (II) Hydro­
xide Chromate

nhniAir.nl fmnmil n + + * + * + ***  + PbCrO^.PbO

Cobalt Oxide p.hpnrinnl fnrm illp . . . . . . . . . .

p.nntent, n f  On . . . . . . . . . . . . .

CogOj
7 1.0%
0.25%
0.025%0.015%

0.3%

content oi i l i  # • « « • • • • • • • • •
p.nntent n f F p . . . . . . . . . . . . .
nontent o f I.Ji .............
grain size
sieve rcsidug on
6400 mosh/cm*- • • • • • • • • • • • • • •

Ferric Oxide chemical formula . . . . . . . . . . . Pe2°3
-  red FIS 130

Practical teat for colouring in transparent ona.iel i'rit - by 
firing aa stool sheet enamel

Chromic Oxicle chemical formula ••«••••••• Cr,,0-, - GX
content of Cr,,0̂  ••«••••.•• yi'.O,»
con ten L of GIO^ ..........  0.11‘j
content oi’ AlgOj •».•••••••• 0# 10',.)
cal to soluble in v/ator •••• 0. ¿Oh­
io s» on ignition •••*•••••• 0.30%
grain nine ?
16000 Meaii/cirr
sieve residue maze. ••••••• 0,1%
Practical toau for colouring; in 
trnnnparent enamel frit - by firing 
an steel shoot enamel

iMarganceo bioxide cnomicnl formula   .....l.Lu0o
content of i.inO,, <57,0%
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Ground sulphur chemical formula ••••#•••#••• S 
(x’lowero of 
sulphur)

Cadmium Sulphide chemical formula ••••••#••••« CdS
Practical task by firing 
o f colours for ülosG 
fluxing acont containing 
CdO + 5/j Cd3

Ammonium Vanadate chemical formula •••«•••••••• llil̂ VÔ

min# 76#0'/j of VgOçj




