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ABSTRACT

Variations in colour (sluuie») ocw r in ceramic jloor mil! wall tile manufacture, These
nariations are not al1m ys dill' to a defect in tire nariation o.fgla ze composition colour, but are often
tire result of inadequate processing in ceramic tile manufacture, specifically during tire decorating
operation.

In current ceramic tile production, roller decoration , spec~fically tile rotocolor (*) system by
tire fir m System, is becoming illcreasing ioidespread.

Varia tions also occllr in colour IIsing glaze compositiOlIS and decorating pastes, ichich had
been properly controlled from a colollr rariation point o.f "iew. It thu« becomes necessary to
establislr tire influence 0 11 colour rariaiion of tile qllality mid production of tire decorating rollers
and their lise, of decorating pastes, tnc dunan tic bchatnour of tire rehiclcs used alit! tile screell
prilltillg operation. as well as tire characteristics ofthe body to be decorated, to be able to address a
problem that affects final qllality, logistics, production managcmcn! mid, ultituatelu, Costs.

TIle prcscn! u-ork defines, studies and correlates tire process rariable« of:

- Decorating roller prepara tion, Chamcteristic cf the catntu.

- Decorating paste component condition:

- vehicle» mId their natllre

- Screen printing base and additioe«

- Decorating operation and associated rariables.

- Characteris tic o.f tire body to be decorated and their rariation

- Decorating cquunncnt rariabtcs (machine mid rollers) alit! their rariation

Tire res IIIts obtained under stnndard working conditions are presented. bothfor ccramic jtoor
and wall tiles.
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The differellce with regard to other preoiou« works, mmtiolled ill the references, which this
study supplements, lies ill incorporating the Ilew decorating system, which requires reconsidering
the variables mentioned ill those studies.

The obiectites of the present work are:

- To def ine the variables mId toorking conditions that minimise cotour m riability ill roIler
decoration.

('i The term rotocotor is used throughout the work, since it has become a gel/eric term, and
1I0t just a trademark.

INTRODUCTION

Rotocolor decorati on is the most widely used new method for transferring designs
to cera mic tloor and wall tile su rfaces.

flat screen riorin
65%

rotocolor
25%

Tobit' 1, Use t~f t"e oorioue d t'COril ti llg tCc!lIliqucs

others
10%

Bearing in mind current tile prod uction, abo u t 400,000 square meters are decorat ed
daily by rotocolor application. This provides some inkling of the importance of the
techniqu e, pa rticularl y cons idering that the method has been operating for ab out 4 years.

- First a list was made of tile defects to be cons idered ioithin the objectives of the
work:

• Shades

• Bad ly painted side s (no painting)

• Blurring (badly painted )

• Badly pa inted bevelling

• Difference in intensi ty on the tile between entry and exit

• Badly painted hollows

• Difficulty of working with d ark colours

Rotocolor decoration basically consists of depositing a paste (ink ) on the item to be
decorated. This is d one by a roller containing a series of incisions that are filled with ink
by means of a ro tating system fitted with a doctor blade, which tran sfers the ink to the tile
on contact. The design will depend on the form and d istribu tion of the incisions in the
roller.

Overl apping or success ive roller applicat ions with their correspo nd ing colours
produce the design.

It follows from the above that design fid eli ty, the fid elity in the repetition of the
ope nings of the incisions in the rollers, will be decisive in the fait hful repetition of the
colour or tone. In previous works, o ther infl uential va riables were studied such as firin g
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and glaze typolog y (see references). Another issue, of the greates t importa nce, is the
cons tancv of the roller and machine elements in service . Tw o factors are thus associated
w ith the 'rolle r / tone:

- Constancy in ma kin g the sa me roll er when it is ordered on successive occas ions

- Cons tancy in roller wor king cond ition s an d ancilla ry elements d uring in se rv ice

The facto rs to be considered are:

- Geometric for ms of the incisions

- Constancy in the filling of the incision s

Rotocolor applica tion involves making inks with a grea ter colour yield, producing
grea ter sensitivity wi th regard to ton e. Similarl y, ink rheol ogy needs to be review ed in
view of type of applicat ion and proportion ing (ink tan ks in closed circu its) .

The inks used in the tile indus try are mostly concentra ted sus pe nsions of so lids,
w ith a varia ble compos ition inv olving base frit or glaze, pigment and ve hicle.

The Frit (Base or Glaze), as well as the Pigment (Colour, w h ich in the case of roller
app licat ions can make up 70 and SO% of the ink composition ), are usua lly mi lled to ada p t
their particle size to the mesh aperture of printing screens, and are adeq uate for the
rotocolor operation .

O n the other hand, it is necessary to gua ran tee an appropria te d egree of frit and
pigment di spersion in the vehicle. This d ispersion varies , depend ing on the method used
for mixin g and / or mi lling. To contro l the degree of dispersion, image analys is can be
used .

The veh icles typica lly found in flat scn'en printing are based on polycthyleneglycols o f
low molecu lar weight :

- Advantages: Plasti cisers and Lubricants

- Disad van tages : Low binding pow er

The binder add ition tries to com pensate the previou sly mentioned d isad van tage
and allow su ccessive app lica tions w itho ut dete riora tion of the p revious coatings (firs t
screen prin ts). These fixa tives are based on: Po/l/pillyl acetate audlor polypillyl alcohol, etc.
Th is technique brings w ith it:

- Disadvantag e: Sticking, as a resul t of the drying rate.

During the actu al decorating ope ra tion, in k behaviou r is determined by its rheology.
Ideal be haviour wou ld be:

- High viscos ity at res t: Th is im pedes dripping and improves defini tion

- Low viscos ity in motion: This improves passage and heigh ten s defini tion

In the case of rotocolor decorati on, the se lection of the vehicle w ill depend on type
of p roduction: Twi ce fire o r Single fire .

And on the type of inc is io n of the ro ller:
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- Standard incision (e.g. 04 / 45")

- High definition incision

- Pro file incision s (mask or hexagonal)

Req uired characteristics will be:

- Suspe nd ing power

- Wetting power

- Self-fixing power

- Rheology

- Stability in production

- Low surface ten sion for good we tting

EXPERIMENTAL

Indust ria l facilities were used th rou gh out:

1.- Ink p repara tion:

- Colloidal mill

- Sieve and stirrer

2.- Inks (Vehicles p lus glazes and addi tives )

- Ink wi th a light colour: L=90 where L is the chroma tic co-ord inate associa ted
with wh iteness (light / dar k)

- Ink with an interm ed iate colour: L = 85

- Ink wi th a d ark colour: L = 75

3.- The vehicles used were:

- Veh icle 1: Base glycols and syn thetic resins

- Veh icle 2: Base d iethyleneglycol / propyleneglycol

4.- Rotocolor rollers. H D (High definiti on ) qu al ity and quality 0.4 /45"

5.- Group of rotocolo r d ecorating cylinders

6.- Glazing line

7.- Kiln

- A Mi nolta CR-lO colorime ter was used for colou r contro l (calcu lation of d E). For
the inks used, a visua l shade wa s detected when dE>O.5.

- For viscos ity measurement, the following were used :

- Ford cup viscome ter

- Brookfi eld viscometer and rheometer

- A ba lance was used , accura te to three d ecimal poi nt s, for measuring deposited ink
weight in gram s.
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RESULTS AND DI SCUSSION
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POSSIBLE IMPACTING VARIABLES

To determine the possible variables to be studied, a brainstorming sessions was held
am ongst th e members of the team , which is summ arised below:

Variable First level Second Ievet
vt arertats and Proce ss N ature of the bod v White- ( I T red bodv
Vari able s Spray dried powder part icle

size
Spray dned powder moisture
content
Tile thickness
Number of nie ces in the die Wav ofloa dine the cavities
Tile tcmr crarurc

Sh' of the beve l Possib le glaze accumulation
Muistenmu Wav lila lvin a the wa ter
Engobc Pla sricirv

Rheolo ev
O uanurvarrnlied
w ac of aootvioe it
Particle size

Gl aze Plasticitv
Rhcolo ev
Q uam ity a;:;;:;[ icd
w av of anolvinn it
Particle size
Rat io frir ! raw materi als

unnnrv of co lou r in the com smon
Glazed tile sur fa c.. dust
G reen deformatio n o f the d azed tile
G laze stretching and absence of irre gu larities
G laze accumulation on the sides (bevel and sur face T.)
Surface mo isture o f the alaze la -cr
Surfa ce rositv of the ela zc lave r
Tile te~ature

Ink \ 1icron ised material Part icle size
Snccitlc wciahr
R atio tnt ! raw ma terials
Sus ndimr ae er u. Additives

Vehicle Il a~~loll\·

Water con tent
B inder content

Colours Wettabilitv
Yield rcharac 0,,, in the com osmcm

End ink p" ararion method
Co~ment % nmcronised mat eria l. co lour. \ ehicles, etc }
Sedimen tation

Surfa ce ten sion
A licarion tem rature
Tern crarurc vunauons
Flowabtlitv, viscosirv, rheology
Evaoorau on
Time o f revrous rest

-'lachine lind Renee Roller A rising sur fac... r.....sure
Variables Variation in off-dis tance

Dot shape and distribution in the elas tom er:
Size 0.4

Sha pe and size
Edg e wea r

High resolution:
Size 0. 1 and random dots
Shape and size

- \1csh:
Various sizes
Scale o f zrevs

~e of elas tomer (hard. T I . soft)
Do t surface wear owin z to time of use and emote frict ion

Blade Emotv work
And e
De formations (kn ocks. tern erature.e tc.t
Service \\ ear
Pressure
M aten al ofwhich it is made

Ori uina l Sca le of erevs (dot dcnsitv 1
Trouah Trouuh Ievct and varia tions
reed n or feed

\-tu lli te dot feed

Table 2.
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AFFINITY DIAGRAM
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Based on the above gro ups of possible factors, the following Affinity Diagram can
be mad e:

- Variab le: Applied glaze suction rate by th e body:

• Associated variables:

• Green tile porosity.Compaction

• Powder particle size

• Powder moi sture con tent

• Cavity cha rge

• Tile thickness

• Q ua ntity of applied water

• Engobe particle size

• Engobe Plasticity

• Engo be Rheology

• Engobe Quantity (qua ntity of wa ter, density)

• Glaze Plas ticity

• Glaze Rheology

• Glaze Quanti ty (qua ntity of wa te r, density)

• Rat io frit /raw materials

- Variable: Water evaporation rate

• Associa ted variab les:

• Tile temperatu re

• Qua ntity of applied water

• Quan tity of water in the engobe

• Engobe quan tity

• Layer porosity

• Engobe pa rticle size

• Engobe rheology

• Glaze pa rt icle size

• Glaze rheology

• Ratio frit l raw materials

• Quantity of water in the glaze

• Glaze quantity

• Engo be plasticity

• Glaze plasticity

P GI -4h
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- Variable: Gl azed su rface texture

• Associa ted variables

• Surface dust

• Su rface moisture con tent

• Glaze stretchi ng

• Gla ze accumu la tion of the edge

• Bevel shape

- Variab le: Ink

• Associa ted va riables :

iB QUALI 2002

• Beha viour during prepara tion and time in the mach ine:

• Wetta bilitv

• Particle size of the micronised material

• Natu re of the micronised material

• Ratio frit ! mater ials

• Suspen ding agent

• Nature of the veh icle

• Base typology

• Water

• Bind er

• Na tu re of the colour

• Preparation method

• Time of previous rest

• Sed imen tation

• Specific weight of the micronised materi al

• Micron ised materi al pa rticle size

• Nature of the vehicle

• Relat ion between micronised material, colou r and vehicl e com­
position

• Evaporati on

• Time of previous rest

• Rheology

• lowability, viscosity

• Evaporaci6n

• Time of previous rest

• Behaviour on the d ecorated tile

• Yield (charge %)

• Yield (re la tion to the glaze )

• Su rface tension
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In all, the hierarchy of rela tions will inv olve:

CASTELLO:'< (SI'AI:'<)

- Body and / or layer suct ion rate

- Variable: Water evaporation rate

- Variable: Glazed surface texture

- Variable: Ink

- Variable: Roller p ressure on the tile

• Vari ati on s across tiles or in the sa me tile

- Variable: Cavity filling pressure

• Variations across tiles or in the sa me tile

- Variable: Dot sha pe, size and d istribution in the elas tome r

- The above Affinity Diagram has ena bled :

• Relat ing va riables to eac h othe r

• Ranking the m:

• First s tep . Measu rab le va riable

• Second step. Var iables relating to and affecting the first var iable

• Third step . Variab le: Determining eleme nt (cause)

- The variables to be stud ied can be su mmarised as follows:

• Body suction

• ,,vater evaporati on

• Surface texture: Glaze add itives

• Ink cond itions (vehicle and add itives)

• Ink sett ling

• Ink rhe ology

• Roller pressure

• Cavity filling p ressure

• Dot shape, size and d istribution

• Origina l (for design)

STARTI;\,G DATA
VARIABILITY O F MATERIALS AND PROCESS VARIABLES

First the va riability was calc ulated under sta nda rd working condi tions of certain
variables:

Press:

- Moisture con tent

- Bulk density

Glaz ing faci lity:

- Tempera tu re of the tile to be d ecorated

- Ink temperat u re on the roller

- Ink den sity
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- Ink viscosi ty

- Ink weight

- Suction of the surface to be decorated

Firs t Co ncl usions

!!l QUALI 2002

The va riation found, during the normal production process in the materials and
process variables is very low, both for th ose concern ing the presses as for those rela tive to
glazing and ink values.

Thi s lea ds to conside ring variations in colour or the appearance of decorating
diffi culties in terms of:

- Accidents or

- O ther va riables not considered in th is collection.

The only va riable that presents greater variability is th at o f the temperature of th e
piece to be decora ted. To thi s are to be ad de d the variations occurring through out th e
process, owing to line stop pages, pieces in the compensator. e tc.

Variab il ity in Presses:

Bulk densitv was taken as the va riable associated with the previous Affini ty
Diagram .

Measurement of Dap in a corner, at the side and in the centre, and the average va lue,
present a minimum va riability arou nd 2,13/ 2,14. In fact the oscilla tion travels be tween
minimum and ma ximum va lues 2,12 /2,14.

It can be stated tha t the variation of Dap is not significan t. Thi s was he ld during the
experime nts. On the other hand, w ith the cu rre nt presses, di es and plates, it is common to
find sw ings like those mentioned .

Tile illt7l1ell fe of ti,e <'arial'ilit l! of Dm>i,; di-carded ill ti,e appenrallfe of ,;ilade-. -ill fe tili,;
<'ariabilitl{ '" ttmical awl call t>racticalll! /lO t [,<, bettered, (('ilile ti,e aPt>earnllce of "roMelll'; i,;
irre \~ 1I1(l r.

Variability of De nsity, Viscos ity and Engobe and Glaze weight

Just as in the case of Dap , in the engobe and glaze slip variables, the variability is
minimal, in accordance wi th stability of these slips and usua l controls the lines .

The range found for the engobe and glaze densities is 1 g / cc, and is practically
negligible.

The range found for the engobe and glaze viscos ities is 2/ 3 second s, which is not
significant. even for the case of engobe with to tal va lues of 50 seconds. For the glaze, it is
arou nd 145 seconds.

For the case of d eposited weigh t, the Ran ge is 2 grams for the engobe, with absolu te
values of 33 grams. For the glaze it reached 9 grams at values of 70 grams av erage
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deposited weight. These swilll's mil a/so be cOII ,idered stOllliard oscillatitms 111 t/II' rIll111ill\'
operatioll ami IIl1 re/ated to ti,e armeDI0I1Ce ors/lOdes.

Variability of ink density, viscosity and deposited weight

The existing ink con tro l produces few va ria tions of these variab ilities. The following
values were found in sta ndard working cond itions .

The Ran ge of ink densi ty is 3 g f cc at abso lute values of 157.

The Range of ink viscosity is 4 second s at abso lu te va lues of 34 seco nds.

The Range of deposited weight is zero.

hI this mse it COIl also be stated that theseoscillalitms are 'I"ite accelltab/(,.

The above is valid for a wor king range in wh ich in k reload ing has not taken place,
stable working conditions, e tc. It can be concluded that in terven tions can affect ink
viscosity considerably, whi le stable production wi th inks in appropria te cond itions is not
affected to the sa me extent. It is the extern al intervention that in trod uces va riability.

Variability of tile tempera ture

Tile temperature exh ibits larger variability values. The values ran ge from 53" to 61"
for standa rd working cond itions. In the case of stoppages o r of pieces in the com pensa tor,
cold pieces at 35° and even ve ry hot pieces in the ve rtical d ryer (75°) can be found .

In view of these swings and their irregu larity, tile tellweratllre ll'as lakell as a l'lIria/JIe
10 be cOllsidered ill Ihe silldt/.

Variability of ink temperature

Ink tem peratu re, du ring the work does not p resent impo rta nt fluctuat ions. It var ies
from abou t 33" when tiles are not tra velling th rou gh , up to 38" wi th continuous tile flow.
The tim e req uired for the ink to go from 38" to 33" is about 8 minutes with no tile flow.

EXPERIMENT FOCUS

First: Temperature of the ti le to be decorated

Keeping in mind the greater va riability in the tem perature of the surface to be
deco ra ted, experiments were carried out at di fferen t temperatures, keeping the rest of the
va riables (ink and roller variables) constan t.

Second: Moisture of th e su rface to be decorated

Experime nts were ca rried ou t only varying the moisture of the sur face to be
decorated and hold ing the rest of the variables.
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The experiments were carried out in two ways:

- Moistening the body more

- Drying the glazed surface

T hi rd : Veh icle

2002

Experiments were carried ou t only varying the nature of the ink vehicle and hold ing
the rest of the variables.

Fourth: Ink base

Experiments were carried out only vary ing the nature of the ink base and holding
the rest of the variables.

Fif th: Ink ba se additives

Experiments were carried ou t only varying the na ture of th e ink base additives and
holding the rest of the variables.

Sixth: Glaze base additives

Experi ments were carried out introducing va rio us additives to the base gla ze. The
natu re and proportion of these ad d itives were varied.

Seventh : Shape and dimensions of the roller cavity

Experiments were carried ou t only varying the sha pe and d im ensions of the roller
cav ity and hol ding the rest of the variables .

- Roller w ith H D (High defin ition) incision

- Roller with 0.4 incision

Eig ht h: Wea r of th e loadin g blade

Experiments were carried ou t only varying loading b lade wear and holding the res t
of the variab les .

Expe rimen ts were carr ied ou t tak ing time of the blade in contac t with the working
roller as a variable.

A specially p repared cylinder was used for th e tests, w ith th e fo llo w ing
characteristics:

- Fla t d es ign, the whole surface w ith incisions. Regu lar surface

- Hal f rolle r with incision: 0.4 / 45°

- H alf ro ller w ith incision: HD

Decoration wa s on paper and the qua ntity deposited in each test was measured .

P. (; 1- 31
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T ESTS

Temperature of the tiles to be decorated

CASTELL6:'-1 (SPAIN)

Glazed tiles were taken at di fferen t temperatures and decorated. The va ria tion in
colou r was measured.

TILE TEMPERATURE dE
55 0
65 0.3
70 0.5

Table 3. Mt1dt'is with l'all H' L= 75.

In view of the resul ts, it can be stated that under standard working va riations , no
change in colour is observed, bu t at oscillations exceeding 3D" shades call appear (cold or hot
tiles aft er dotontimes and druer start-lips).

Moisture content of the tile to be decorated

Glazed tiles were taken with di ffe rent moisture conten ts:

- Af te r dipping severa l times in w ater:

DIPS L"I WATER

2
4

dE
o

0.2
0.3

Table 4. }vlodd with value L=75 and tilt' temperature of 55" C at the decoration entrance.

o significant variation is found as a result of ex posing a tile to a greater o r lesse r
quan tity of wa te r in its first applica tio n.

-Tiles left to rest for diffe rent times af ter glazing.

Min utes' rest dE
0.5 0
I 0.7
3 0.9
6 1.9

Table 5. Model ..citlt mill e L=75 and tile temperature of 55" C at the decoration t' 1ltraIlCt' .

These va lues va ry as a func tion of the nature of the glazed tile surface, as w ill be seen
below. However, the tendency is al w ays the sa me, i.e ., variati on of d E and risin g va lues
of L with time, that is, lighte r with tim e (d rier tile ) and darker w hen wette r.

In th is case, a varia tion in colour is observed w ith tile time of rest , especia lly in the
case of d ark models. This is associated w ith tile su rface moisture. With a wet su rface,

I~ CI- 5:::
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transfer takes pla ce better th an with a d ry one, w hich can eve n can cause problems owing
to su rface dust.

G laz e rej ect

Glaz ed tiles we re taken with the sa me glaze bu t at three di fferent mi ll rejects:

GLAZE REJECT dE
I. R% 0
3.6 % 0.2
7.1% 0.4

Table 6. :Vl (ldd /}jade .citll a t n1!J~pl1rCllt g/ll:t' a/ld l'IllllC l ~f 1.=75.

Glaze reject is not a facto r to be considered in the appearan ce of sh ad es.

Roll er cavity shape

- Tw o roller qua lities we re ta ken: HD and 0.4

De posited w eight was ve rified by the paper tes t

App lications were cond ucted at va rious pressures (mod ify height)

Hef,;hilmm\ 0.4/45· Roller HD Roller
8.0 - -
7.5 0.76 0.61
7.0 0.R3 0.7 1
6.5 0.R4 0.74
6.0 0.R6 0.78
55 0.R6 0.75

TIINe I.

A ten dency is observed to deposit a larger quan tity as pressure increases (smaller
distan ce) Fig. 1. It can sim ilarly be observed tha t a la rger qu an tity is d eposited by the
0.4 / 45" qua lity than by the HD roller Fig 2. Dot defi niti on is grea ter by 0.4 / 45".

roller heigll! - 1.5 III/ II

Fig. 1: W..J. I'tlll crJ XORMAL.

liD incision
Fig. 2: ( ( I I /::;{Oll l hci~ht .
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Blade wea r

CA5TELL6\1 15I'A I1\)

Tiles decora ted wi th a roller were taken, with different blade use times in se rvice.

Blade use time Lizht mod el L=9 0 Dar k mode l L- 75
hours dE dE

1 hour 0 0
5 hour> 0,6 LI
10 hour> 1.0 1.8
20 hours 1.2 1.9

TaNe S,

The change is more noticeable in the dark models. Thi s cha nge occurs re lat ively
quickly, in about 3 / 5 hours, and then stabili ses.

Blade wear Li2ht model L=9 0 Dark mod el L=75
mm dE dE

2 mm 0 0
1 mm 0,6 U
Omm L2 2, I

The refore, the main wear in the doctor blade occurs a fter around 3/5 hours
(dep end ing on the type of design , ink, etc.), and the n stab ilises ,

Veh icl e typ e

Two vehicles were taken: No. 1, No, 2

, .~ 11~
. !I . • . .

. .;, ! .. "- . • .
", ~ ........: !"... .

vchictc 1 (23 StY.) ~'t'11 iclt' 2 (22 ~t'l.) vebicte 1 03.-;cc .J
Fig 3. Height, incision, Made constants.

Th ree base types were tested .

Three different ad d itives were taken:

- Ad d itive 1: Organi c/ inorganic compound

- Ad d itive 2: Micronised clay

- Additive 3: Bentonite

A bigger colour release is obser ved w hen addi tive 1 is used compa red to 2.
Definition im p roves with viscosity but the release is sma ller (Fig, 3),

The use of roller 0,4/ 45" is observed to smooth th e d ifferen ces in ap plied weight as
a conseque nce of the additive and veh icle var iations,
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Type of glaze add itive used

The following were ad ded to the glaze:

- Binder TO (low viscosity )

- Binder B (h igh viscosity )

- Plasticiser

BOol QUALI 2002

The following conclusions can be drawn:

- With longer tile drying or rest time , the val ue of L (chromatic co-ordinates) rises
and the colour therefore becomes ligh ter.

- Shades appear wi th rest (time be tween the glaze application and the decorating
application )

- Th is is valid for every Glaze, bo th the stand ard glaze and those to which binders
or p lasticise rs were added.

- For the case of the Binder TO ad di tion:

- Smaller increase in parameter L

- Greater sta bility of d E with d rying time

- Very sligh t increase in viscosity

- For the case of the Binder B addition:

- The variations in viscosity are considerable and they prevent achieving bin-
der concentrations that improve colour stability.

- For the case of the p last iciser ad d ition:

- Smaller increase in pa rame ter L

- The value of dE is smoothed

- Its effect is smaller th an the one due to the binder addition

A test was also pe rformed moistening the piece (before the decorati ng application )
with an aqueous solu tion of Bind er C. which yielded the best colou r stab ility.

Therefore, despi te stoppages, a sl igh tly moist su rface wi th moisture constancy, w ill
be a fund amental colour stabilitv factor.

Blade position

Tiles were produced alteri ng the blade position, on the mod el of val ue L=90 and on
the model of L=75.

Blade position Liaht model L=90 Dark mod el L-75
value dE dE

0 0 0
·5 0.6 I.l
- 10 1.0 1.7

TaNe 10.
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Owing to machine design, the position of the blad e is a factor of the greatest
importance in the qu antity of deposited ink. It is es pecially signi ficant for the d ark models
since swings of 2 and 3 points cause shades to appear.

~ · ~ " ~es
r. ~ • • ~ • •
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Quantity of deposited in k
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'. -.r..~ •• Q •. -

o
Fi~. ..J Blade alJXk

The qua ntity of d ep osited ink was measu red on the sa me dar k mod el with va lue
L=75, by va rying the posit ion of the blad e.

Ink Quanti ty Dark model L=75
g dE

4 0
4.7 1.6
5.7 3.5

Ii.blt' 11.

As is logical, w ith a larger qu antity of ink, caused by blade adjustme nt, the varia tion
in colour is ev ide nt. At this point it is impo rtant to note that sta nda rd production
osci lla tions do not cause these varia tions in deposited qua ntity (except for accidents or
unforeseen handling).

CONCLUS IONS

The result s of the p resent study enable d rawing the following conclusions:

Varia tions in colour:

• III the ,a lll e productioll lot:

Of the stud ied va riables, the most influential in th e appearance of shad es d u ring the
decorating opera tion are:

- Varia tion in the quan tity of deposited so lid :

- Varia tion of blad e workin g angle. Blade wear. Pressure on the blade
(ro tocolor S2 model)

- Variations in d egree of tile su rface dryn ess

- Varia tions in ink den sity and viscos ity. In k decantati on . Degrada tion of
the ink by length of use

- Glaze tra nsfer problem s to the first roller and ink tran sfer problems between
the first and second roller

- There can be differen ces in the sa me lot caused bv different ink add itions,
w hen carried ou t with an almost empty trough '

I ~ C! · :'>I1
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Factors of little or no importance:

- Variat ion in ink tempera ture owing to use

- Typical va ria tions in glaze reject ion

iii QUAll'Q7,> 2002

• For di ffer,,"t WOdlictioll lots

To the above, it would be necessary to add the va riati ons of materials In lot s
produced at different tim es:

- Varia tion of ap plication cond itions across lots

• Variati on of ink rheological cond itions across lots

- Varia tion of glaze rheological conditions across lots

- Varia tion of bla de cond itions (wear an d angle)

The variables men tioned are closely related to materials hand ling and control in the
plan t. They cou ld be said to be related to the hu man factor.

O n the other hand it is necessary to start w ith previously stud ied ma teria ls, whose
behaviour is known, tho ug h the d ecisive factor will be good management and control of
these mate rials and associated va riabl es .

The va riables highlighted are related, fu nd am entally to working variable constancy,
associated with control and the human factor. It is therefore necessa ry:

• To use materials tha t lead to stable slips with regard to rheo logy

- To establish a contro l system to hol d these variables

- To establish an ala rm svstem in the case of deviation of these vari ables, to enable
correcting them "

• A .; n'Collll ll ell datiOl ls of a I'ellt'ral lI me th<'.h1110lI'i ll i des",",'" to be Iloted:

-Inks:

- Use veh icles that provid e maximum antisettleability

- Use veh icles that keep ma ximum consta ncy in viscosity

- Use vehicles with low surface ten sion

- Use vehicles with good wetting ca paci ty

- Use ve hicles wit h minimum evapo ration

- Use inks that impede transfer between rollers

- Ink base:

- Avoid particle sizes exceedi ng 0.0-l5 mm, since they increases blad e wear and
can even prod uce clogging . The di men sions of the cylinder inci sio ns (ho le
d iameter ) arc:

- OA Quality: 300 micron s

- HD Q uality : 100 micron s

- Use bases th at req uire (for the sa me pa rticle size) the smallest qu antity of
veh icle.
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- Glazes:

CASTELL60: (SPAll')

- Use addi tives that allow main taining a certain degree of moisture in the tile
surface. The pieces sho ul d rea ch the decoration wi th a certa in degree of
moisture. Thi s affo rds a series of ad vantages:

- More regular ink deposition

- Grea ter regularity in ink absorpti on

- The ink passing th rough d oes no t dry an d facilita tes covering

- Avoid d usty surfaces to the greates t possib le extent:

- They cause grea ter wear

- They cause contamina tion in the ink and va ria tions in rheology

- Avo id ap plica tions on hollows or surface roughness.

- Blad e:

- Co ntro l wear, especially straigh t after replacement:

- Wear is grea ter wi th incision 0.4

- Wear is grea ter wi th larger ink rejects

- Wear is greater with a higher colouring oxid e content

- Glaze su rface d ust accelera tes wear

- Wear increases with blad e an gle

- Maintain p ressure, once se t as a resu lt o f colour adj us tme nt or other opera-
tions.

- Use a d ou ble bla de to keep greater constancy in cha rging and cleaning .

- Roller:

- Maintenan ce and cleani ng

- Control of wear

• TlrcfollOll'illY are recoII/II/mded as n ll/ trol, 0 (0 I' e/la al t,tltle:

- Before decorating:

- Tile temperature

- Glaze composition (especia lly the constancy of the binder or the clay it con­
tains)

Glaze application:

- Den si ty

- Viscosi ty

- Weight

- Dista nce, d rying time bet ween the last application and decoration

- Glaze su rface

1'. GI · 5,"
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- During decorating:

- Ink composition

- Type an d cons tancy of the vehicle used

- Weigh t. de nsi ty and viscosi ty of the applied ink

- Speed of the belt

- Blade angle

- State of the blade

- Type of blade quality
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