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SUMMA RY

Afler rel'iewillg the articles alld references illdicalillg the origill of the [actors that prodlice
colour narun ions alld surfucc defects ill floor and wall lilt'S, oz'er 150 [actor» Iltl1'e beell gaillered as
mll ses of these rariations. Tile presentation, kllowledge and use of the studies and work carried alii
ill thi« rcspcc! call ennblc illlPI"Ol'illg the[arm of icorking allCl tile qllalily of the resllllillg product,

By perforlllillg a litrraturc sll n 'ey all tlu: process narinblc« (over 70 national O/Id
international articics are listed ill tile poste)'), exhaustiiv allalysis was conducted ,~f tile most
illlporlO/l1[actors alld callses gmeralillg change» ill colour O/ Id surface defects. TIle dijJi:rclll
cerantic manujacturing slages were considered: clay exlractiOl I, spray dryi llg, pressillg, dryi llg,
t'Ilgo/1e , glaze, [ume, brushing, printing,[ixaiirc, transparent glaze, grO/ /11 lar, fi rillg allCi sorlillg.

III the clay ext raction process alld subsequen t spray dryillg, il is [undamcntai 10 kilO1£' O/ Id
control the chem ical and minerological cOllIpasilioll of tile clay (proporliO/1'ifaluminium allCl iron
oxide, organic niattcr and moisture content hu midi tu, al1lOllgst other), as well as primaru part icle
size distribution IlIld agglollIerale size distribution . As for tile pressillg slage, it is [undamcntnl 10
control the tncchnnical ra riablcs, and 01 the sallie lillie pcrfonn bulk dellsily test» all the compact,
as well as conducting tests all powder ntoisture content and flowabilily before this stage. iii the
dryillg slage, lile temperature alld moisture arc mainls; determined, wllile control of sucl:
conditions as dryillg air flow and teiupcrature are of ri tal inuiortance.
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The printing process has becn analused uiith regard to the main systems currcntlvfound.flot
screell printing, rotating screen printing, rotograoure, flexography, pad printing and even ink-jet,
ill each case keepillg in mind the pre-printing variables (preparation of tile photolith», production
of the applicator, etc.) and thoseof prilltillg itself ill the production plant,

Fixative oariablcs are set ali t (typically usedfor screell printing), together with transparent
glaze, granular and [iring. The firing stage is perhaps 0111' of the key stages, since this is tohen
melting alld crystallisation of the engobe-glaze-illks OCCllr, producing the f inal colour of the piece
and such well knowlI defects as black core, pre-heating cracks or dimples, etc., as well as tile
expansion-shrinkage, particularlv of wall tiles. To control and to avoid these problems and the
defects relating to tile colour and surface defects £111 ringf iring, it is necessary to principally control
f iring rate, temperatures ill the differen t modules, cooling rate, pressure Cllrves, and oxygell
concentration.

Finally the different factors have been considered that affect tile end sorting, bearing in mind
that this is gellerally carried Oll t visllally by trained personnel. Three factors are distinguished,
ligllting conditions (typeof illumination in sorting mId in glazing to gllarmltee colollr stability in
the two sections), obseroation conditions (tile arrangement ill the panel and lighting), and lastly
tile criteria and 111lmml component in the sorting stage.

At the present time, fell' companies carry out controls Oil the rariables that affect colour
changes, and ill mallY cases these controls focus all the prin iins; system. Nevertheless, ill the
companieswhere COli trois are conducted along the wholeglazing line, viscosity, grammage, density
of the engobe, glaze and inks etc., are measured. These measurements are performed by weighing or
indirect measurement of the variables. Many other important uariablcs such as sqlleegee lift-off,
mlgle and pressllre, tile temperature and moisture content should be measured in a regli lar way ill
each and every production series, ensuring they remain constant throughout the whole production.
To achieve and 1101£1 production qllality as well as sustained output, it is important for
man ujacturing to take place with standard methods, which makes systemisillg each production
stage indispensable.

Tile variation SOllrces mentioned are based on theknoioledgeorexpertiseof their authors, and
having a clear list of these tests ill each production system stage is an important help in
anticipating alld discovering the origin of production problems. The experiences indicated have
neither been eualuated 1I0r verified by repeating tile tests, only tile factor inuolucd is clearly
indicated, together with the author or authors that signal this as a calise, with tile reference: ill
which all this isfound.

Giuen the importance mid bellefi t that it cml mean to co-ordinate mrd set Oll t tile works to be
found in this sense, the poster will present a list of the ua riation SOllrces together with the
correspOlrding references, as well as other sOll rces ge'lerally dealing with control and measurement
in the companies, even though the corresponding references are unanailablc. The main benefi t is to
have a single work with all the sOllrces for stlldy and consideration, by resea rchers and also by the
companies in the ceramic sector.
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• Drying conditions ''.
• Ti le ex it temperature 2,7

• Humidity in the dryer 4,21 ,

* [) ' 4 '1rymg temperature "".
* ' ' 1 'IDry1J1g air I ow rate - ,

. X1""'0• Drying cyc le , . .. ,
• [) , I 'ry1J1 g temperature "

* Tile exit temperature ' ,

* T'I id I ' " 1II e rcsi ua moisture co ntent " ",
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• Pressing conditions ".

• Powd er mo isture content
'2.7

* Lubricant composition
12

• Powder tlowability ' .
' F "' '7 19onlllng prcssurc .. , ,

• llulk density or the
compact 2.U9

• Tile th ickness.

• Tile roughne ss.

* Granule size I I ,

* Tile thickness 5

* Tile weight 5
. 14 l 'i 19* Forming prcssure , ., ,

* Tile bulk density I lI ,I 4,20

* 13 ' 1 " I I1J1( er composruon ,

* Powder moisture content
5, 1J.l 2.14
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* Powder particle size

I, ibuti "I' III 17distn uu on , ., , ,

* Chemical and

mineralogical composition
of the raw materials 16,I 7,IX ,71,

• Powder moisture content "
6·1

• Chemical and
mineralogical composition

f I . I ' 4 I II ' I>o tne raw materia s -., " ",

• Primary particle sizc
distribution 2A

• Agglomera te size
distribution '.

• IrOIl oxide con tent
1.~.6~

CL\ \ ' (ra " mat .)

• Silica or alum inium
ox ide content 1,70 ,

* Organic matter
content .I.1 7.~ (I,h'J

* Organic mailer

content and
' I . I) 17 '20paruc e sl/ e ' , ,

* Calcium

carbonate content
17.20

* Sulphide,

sulphate and

fl uoride content
17.20t;;
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• Formulation and • Formulation and composition . ~t>.J l . '" Density. • Brushing speed.

composition U I.J1, • Density 1.~ .! ~ .!Ii. • Visco sit y. • Brushing pressure

• Density I , • G rammugc 1." .7,2 '.2~.2~..' ~. • Granuuagc .
• Grammage I.b,7,21,H . • Visco...ity l.H .2". • NOLL ie app lication: pressure and

• Viscosity I , • Particle size dis tribution v . 2",21 ,14 direc tion .

• Pan icle Sil l.' distribution • 1I01ll0gl.'1I1.'tJus mixing 21>, • Co ntro l of stopping time and fume
0:Z'

,
• Glaze pil l ' , emission.

" ug.g • Stock chan ge h,' , • Wat er Imrdn css 1\ ,

o e • Stirring l . • Nature and properti es ofthe add itivesu c.
ti 'll '" Lot change '. "
"' .c '" Engob c flow rat e 2, • Effect ofcommon salt ]1 ,.. ~

~~ " Line speed 2 . • Dctl occula m content 2J.2K.

1- ." • C han ge o f stoc k 1>.,.<: c
;: :' • Line speed 2.
:I'J ,..

• LUI change '.", '"
.J C=.c • Nonie 2 ~ : co mpressed a ir quantity and
<: ..- .c qua lity.
0: _

<:-
• ndI 2~ : sus pension now rate.> c

~ del loc culun t content .

• Rotogravure 2~: shape and dim ension s

of the cavities. adjus tment . shape, ang le

lind hardness oft he blade .

• O paq ue coloured gla.lcs: frit and glaze

tran sparen cy 29.

• Formulat ion and • Lumps. pinho les. W Icks. etc.

'" " _ Rheological parameters n
'" ti

composition
I- U Z

• Surfucc drying time H . • Hell 2': dcflocculun t cont ent. stirr ing.4l( -e loW loW
= ~ til.i.l_

glaze viscosity ' " lid dl: ll si ty ~ , grar nmagc1- 1X 6c :I'J Con

~~ u ~ t; III . tile surface roughness '", body ma teria l.... w.:~~s:~
~~~~Z~ (rcdwarc. whireware) '", cha mfer shape JO.

E2c- :'; :JQ ti lc temperature JU-e 0 ~-g
> g: ~ .
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CERAMIC PROCESS

fiXATIVE TRANSPARENT GI.AZE GRANULAR nRIS G SORTING
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