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Colour cOllstmlcy is a key objective ill cnhuncing ceramic tile quality. According to a slln'ey
conducted at a single-fire tile manujacturing facility, 20% of the cases ill iohiclt shade» (m inor
colour differe>! ces) appeared occurred trhen screells were changed. It was [urthcrmore found tnat
tile photclithos used ill screell product ion exhibited changes ill dot shape, size and nu mber all
makillg successive copies of the phoioliiho«.

As a result it was decided to attempt to prodlice printing screellS u-ithout Ilm'illg to use
photolithos, by lISillg laser exposllre ill screell prepamtio n, a techniqu e that has been successfulh]
employed ill other branches , especially ill the textile sector. The techn ique is based all lISillg
digit ised image data to reproduce the desired image all a screen covered u-ith a photopolvmcr
coating, 011 exposing targeted areas to a laser of suitable uxtoelength.

The aim of the study was to produce prilltillg screellS by tile laser exposllre technique for
dccoroting ceramic tiles. Thi« firs t required establishillg starting u-orking conditions: exposllre
tintensiti; and velocity), type of emulsion and catalysis (catalysis time mid type of ca talys t). This
was done by performillg a series of tests programmed by factorial experiment design. Test results
were assessed by characterising the resultillg screells, tvhich revealed the importance of the type of
emulsion. This led to the developm ent of ml emuls ion with improred characteristics.

Suitable ioorking conditions ll'ere set unth the Ilew em ulsion for the exposure equipment , i ll

terms of type of screell fabric and em ulsion to be used. Filially, the exposlire equipm ent was
calibrated and results verified by mealls of prilltillg screens that were put into sertncr ill the
indus trial production line, unth satisfactory results.
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1. INTRODUCTION

CASTEU 6r--: (SPAIN)

Ceramic tiles can be decorated by different methods, however screen printing is
currently the most widespread decorating technique employed in ceramic tloor and wall
tile manufacture, whether by the single- or double-firin g process'",

The technique involves decorating the tile by means of a suspension that is forced
th rou gh a screen consisting of a fabric covered by a mask (emulsion), which defines a
design . The suspens ion is dep osited on the ceramic tile, thus reproducing the design. Thi s
decorating method allows obtaining fine detail and good design rep roduction, yielding
high qu ality products!".

One of the probl em s besetting ceramic tile manufacture and impairing tile
qu al ity, also partly due to the screen printing opera tion, is th e appea rance of shades
(minor colour differences ) in tile s":", As a result of ever higher quality demands, GRES
DE N ULES, S.A. conducted a study on the variables affecting the appearance of shades
in cera mic tiles. Th e study showed that in about 45% of the cases in which shades were
detected, these were caused by modification of th e variab les correspond ing to the
screen-p rin ting operation (scree n, squeegee, fixa tive and ink). Of these, th e most
important va riable was screen changing. This produced around 20% of the arising
shades . It was also shown to be the sing le most important facto r in produc ing shades
of a ll th e studied va riables throughout the who le process (includ ing pressing, glazing
and fir ing) .

Th ese va ria tions, arIsIng on using different screens, occur be cause screen
characteristics (thickness, ten sion, open area, etc. ) differ. This led to an attempt to improve
the printing screen production process with a view to obta ining more consistent screen
cha racte ristics.

Fig. 1 pres ents a schematic se tt ing out the printing screen prod uc tion process.
This is brietly done as follow sv", In the first place, the fabric is stretched and glued to
the screen frame. The fabric is then degreased by washing, afte r which th e screen is
dried . Subsequen tly a photosensiti ve em ulsion is applied and the emulsion coated
screen is dried at a su itable temperature. A photol ith o (polyes te r sheet w ith the
positive of the image to be reproduced) is p laced on the dried screen, which is exposed
to a lamp emitting UV light. The screen is the n developed by washing with pressurised
wa te r. In thi s step, th e water soluble emulsion is removed in the areas untouched by
UV ligh t (blocked ou t by the image of the photolith o), whe reas th e emulsion coating
which hardened on exposure to the UV light has become insoluble and is left on th e
screen.

The ph otolitho preparat ion step was observed to be large ly responsible for

(1J. Tecnotogia cerdmica. V, Esmalteecerdmico«. Valen cia: Institu te de Qu fmica Tecntca. 1985.
(2] . GU ER RERI, G. La -erigrafia sulle piastrell e in crramica. Faenza : Faenza Editrice, 1980 .
(3]. ;-':EGRE. F. ; ~10RE :"JO. A .; S A!\"CHEZ, E., et al. Foctores que infhlYl'Il soore fa cariabilidad de In tonalidad de bald05fl::; ceramicae.

Communication presented at XXXIV Co ng reso Anu al de la Socied ad Espanola de Cere mica y Vidrio . L'Alcora (Castello n),
144 17 September, 1994. (Unpublished)

(.l]. :-":EGRE. F; SAl"Z , V.; G I\ le :'\JEZ, S., ct al. Estado actual de In tecnica de decoracion de bafdosas cerdmicas mediante ser igrafill .
Com municatio n pres en ted at XXXIV Con greso Anual de la Socied ad Espanola de Cera mica y Vid no. L'Alcora (Castellon),
1-l· 17 Septem ber, 199 4. (Unpublished)

(5). PENALVER .J.; ~1 :\ RTf, V. ; PORTOL£:S, J.. e t at St udy of ecreen-pri nnng application contro l oariabtee and their influe nce 011 slJad~ in
tiles. In: IV World Con gress on Ceramic Tile Quality (QCA LICER). Castell on , 1996, p . 309-321.

[6]. KOSLOFF. A. Screen printing techniques. 3rd ed. Cin cina ti: ST Publications. 1993.
[7]. PEYSKE.....s, A. Fundamentos teoucoe de /11 realizacicn de pantoilas para serigmft'a. A ppianu Ce ntile: Saari. 1991.
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producing the di fferences fou nd among screens bearin g the same des ign . Va riati on in the
shape, size and opacity of the dots that ma ke up the image of a photolitho lead to
differences in scree n open area, causing differen t amounts of ink to be deposited on the
tile and producing shades .

Drying

figure 1. Schcnuuic ( ~r tilt' prill/illS ,;,creClI pmdlH-tioll proccs:, .

The tradi tion a l and most w idespread photolilho preparation p rocess involves
us ing rep rograph ic tech niques!", w h ich a llow different pho to lithos to be ob ta ined of the
design (pattern, stone, etc.) to be p rin ted on th e tile . Af ter m aking the orig ina l
photo lithos, subsequent mod ifica tions are ma de by copying . Th e copying process is
w here differences ar ise be tween photolithos bearing the same d es ign . This was
con firmed ex pe rimen tally by e xa m in ing two p hoto lithos w ith a ste reoscop ic
magnifying g las s. Figs . 2 and 3 show photographs o f the sa me area in both pho tolitho s.
Diffe rences ca n be observed in the opaque regions, w h ich w ill yie ld di ffe rences in ink
re lea se .
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Figure J . P/li ltograpll (~f the :0;111111' an' in 11 wpy
of t ilt' ori:.:il1l1l photolitllO (llU1,<;: IIJji"CII t iflll 19.\:)

lSI. \h R.-\, T. .\ fl1llllal dl' ",,,,(,\m/iil. Ba rcelona : Blume. 1 ~H7 .
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A new technique has recently been incorpo rated in
making photolithos (Fig. 4). This involves digiti sing the
image using an electronic scanne r; the image can then be
modified by compute r with suitable software. The
photolitho is ultim ately produced by laser filmin g. This
procedure allows reproducing ph otolithos from digiti sed
images so that they can be readil y and reliably reproduced
provided the y are made by filmin g.

It can be observed that th e process
invol ved in creating th e di gital im age is
similar to the one describ ed above (Fig. 4),
while sc reen preparati on p rior to
exposu re is in turn s imila r to th e
tr aditional p rocedure (Fig. 1). Th e
expos ure step is conducted by a laser
sys te m; th e screen is subsequently
developed by washing w ith p ressu rised
wa ter. There is fina lly a last step, not
required in the traditional process, in
which the scree n is treated with a ca ta lyst
to improve its res istance to abras ion and
che mical atta ck.

A way of suppressing the va ria tions in scree n
cha racteristics from using photolithos would be by
eliminating this step. Equipment is currently ma rketed"
for the exposure of printing screens used in the textile and
pap er bran ches, whi ch no longer requi res preparing a
photolitho. The technique is based on using digiti sed
image data to rep roduce the image on a screen with a
ph otopolymer coating by expos ing the targeted areas to a
laser beam of suitable wa veleng th. The prin ting screen

prep aration process by this technique is
illustrated in Fig. 5.

Stretching '--- --j{IFahric
- gfueing ]?"

Cataris.ys

washing

Drying

DT} ing

De...ejopine

Applicatiun

Figun' -l. Schematic of pll%litlro
preparation by fi lmillg.

Figure 5. Schematic of the pri lltillg ::,Crt'I!II preparation
process by /t1St'r exposlift' .

This technique allows flexible
handling of the images to be obtained on
the scree ns owing to CA D techniques,
yields savings in photographic materials

and suppresses the risk of defects arising relatin g to the photolitho.

Considering the above it was decided to adopt this last sys tem for obtaining
printing screens to be used in ceramic tile manufacture. The work set ou t belo w was
conducted with a view to establishin g the possibility of using the sys tem for this purpose.

Laser exposure equipme nt (DlSE 3) supplied by MOGRA FO (Fig. 6) was used . The
equipment could not be directly implemen ted in the ceramic industry since it required
using an emulsion whose cha racteristics were specifically suited to the instrument. These
characte ristics di ffered from those of emulsions used in cu rrent screen production in tile

[91. G O Li.>, R. IIl:,>oJaciOII de 111.-> tllUlfal1as porJ,r0.'lt'ccitil/ .II per[orsnacion .tigital dirty/a de La illlllg t'T1. In Ser igreffa. no. 25, March-Aprill.
18-23. 1992,
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ma nufactu re . Moreover, the work ing co nd itions of the equipment depended on emu lsion
characte ristics and thickness of the emu lsion-coated screen. As the eq uipment was
developed for other sectors in which type of emulsion an d sc ree n fabr ic were diffe rent, it
was necessary to establish the relevan t working cond itions.

Figu re 6. Photograph ( ~r the (lli/ :.: idt' (~r the D/SE 3 equipmt'llt

2. DI SE 3 EXPO SU RE EQ UIPMENT

The sys tem allows hardening (cu ring) the photosens itive emu lsion direct ly by
irradiation with a laser beam, con troll ed so that it only irr adi ates (ha rdens) the targeted
areas (es tablished by the design ) of the screen surface'!",

An argon laser genera tes the laser beam w hich, by means of an optica l unit, is
reduced to a light point of d iameter below 1/50 m rn (20!lm ). Th e ex posu re equipment is
filled with an optica l system to ensu re that the laser light strikes the screen su rface at right
angles, thus avoiding the problem of dot distortion in the screen. Screen ex posu re takes
pla ce by scanning, moving the light point over the screen with g rea t accuracy.

The sys tem's resol u tion depend s on the diameter of the ligh t point; in this case
resolution was 1270 dpi.

Synchronised laser beam mo d u lation (on / off) w ith ligh t po in t movement ens u res
that the screen is only exposed in those reg ions in w hich the em ulsion is to be ha rdened .
Th is modulati on is prod uced by di gi tised da ta conversion of the design with a Raste r
Image Processor (RIP) into a bi t map tha t con ta ins the laser beam on / off signa ls.

Screen prod uction by the DlSE 3 sy s te m is schematica lly illu strat ed in Fig . 7. Th e
di g it ised design to be printed on the tile, prepared by the design d epartm ent (in EPS

fill ]. A \; I11 I, ~ I -,, A .V. A ~(mJ ller ;,;y~ ft' lII .ttlr -uccc -,-it v imldil1litll/ l ~" n il'orkillS :' 11 ~f(1 (t" pllrtit"lrlllrly 1i. IY Illlm -t 'il,/l't t'X}/ll-'lm' I ~r II I'IIc1to

l'm/d~i(1 1t II11 ., ~ " fI,~m"ltk }l r i ll ti lIS,:/rm ll t' . Swedish I',lll' n t. [le U DKH9 / 00t08. \\'0 F,Q/ 1111('" 14H4· 11· !h,

P.GI· 117



ilQUAU 98 C,\ STELL6.\1 (SPA"")

form at ), is fed into the compu te r where production is prepared by appropria te
software: DIPP (DISE 3 Prod uction Prepar ati on ), which allows p laci ng the image in the
fra me, tu rn ing and inverting it, etc. Th is sof tw are replaces the manu al p rocess oi
pho to litho posit ioning in the fra me pri or to exposure, accord ing to the traditional
proced u re. The desig n data, con verted into a bit map, are sent to the exposure unit
control station. At this station, the OMS software (Disc Monitoring Sys te m ) controls
expos u re unit operations: adjus tment oi laser ve locity and in ten sity, se lection oi frame
size, inspection oi p rod uction, door opening, sw itch ing o ii, etc. The bit map
corresponding to the design that is being worked on is sent irom thi s sta tion to the
exposure unit via optical fib res ,

The screen is positio ned ior curing in the exposu re u nit. Inside the un it the screen is
held by a pneumatic system at a set di stance iro m the sca nner. The sca nn ing head
contains op tical sys tems ior converting the laser beam into a light point and making it
strike the screen su rface at right angles. This head, which sends ou t the light po int. is
locat ed on a sys tem that can move in two directions XY, thus enabling the whole sc reen
to be scanned .

Exposure unu

"

cQ ~
~

:;;-- ....~
~LQ'":.r.;

l,..-, 1Control stationDesign Production
sys tem preparation

figure 7. Sercl'lI production b.11 fJtt' D1SE 3 ~yMt'lI1

3. PHOTOSENSITIVE EMU LSION CHA RACTERISTICS

The em ulsion is an integral part oi the system so that it need s to meet a se ries oi
specific requ irem ents, which are set out below.

The emulsio n must react rapid ly, since the laser beam ru ns at h igh speed across it
owing to production req uiremen ts. The exposu re time ior each point ran ges iro m O.I to
0.45 I1s, 50 tim es less than the exposu re time used in the traditiona l procedure.

Laser emiss ion is not po lychroma tic, as is the UV lam p em issio n used in the
traditiona l method, bu t is mo nochromatic. Th is means that the emulsion ior laser
exposu re needs to exhibit high sensitivity in the spectral reg ion emitted by the laser.

Another oi the varia bles to be taken into account is the thic kness oi the emulsion
ap plied 0 the screen fabric , which can lie in the 6 to 20 11m range. The high specific ene rgy
presented by laser radiation allow s the emulsion surface to be very easily ha rdened, bu t
makes penetration into the deeper layers much more diiiicuit. In develop ing the ima ge in
water th is leads to characteristic peeling oi the cu red emulsio n su rface layer irom the
fab ric,

Beside s all the ioregoing characterist ics, the emulsion sha ll also exh ibit goo d
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chemical resistance and mechanical strength. s ince in tile prod uction the screens are
su bject to h igh ab rasion, ow ing to the ty pe o f screen-pr inting inks used , tile
characteristics and chemical attack by the screen-printing vehicles contained in ink
compositions.

The laser radiation-cured emulsion is verv sensitive to water and moisture in
general. Thus after develop ing in water, a chemi~al catalyst needs to be used to harden
till' emulsion, improving chemical resistance and hence suppressing the tendency to peel
trom the fabric during use in the production line. This catalysis step is not required in
screen production for the paper and textile branches, as the inks used and the process
itself are less ag gressin!.

4. ESTA BLISH ING STA RTI , G WORKIN G CONDI TI ONS

In the DISE 3 eq uipment it was necessa ry to set the ve locity an d intens ity of the laser
beam to be used in irrad iati ng the screens. O n the o ther h and, d ifferent commercial
photosensitive em u lsio ns a re ava ilable which co uld be used fo r p roducin g th is ty pe of
sc ree n, so it w as necessa ry to assess w hethe r these p rod ucts were su itable . It was
fu rthermore also necessary to ev alua te the ty pe of ca ta lvs t and ca ta lys is tim e to be used
fo r obtai ning adequate emu lsion hardening.

'It ) es tablish su itable working va lues for the various p arameter s, 11 rigorous study
\\'as cond ucted on how all these param eter s affected p rin ting screen cha racte rist ics.

-1.1 . EXPERIMENTAL PROCE DU RE

To prog ramme the experiments to be run on an indu st r ia l SC,1!L' , given the
man y para me te rs to be studied, it was decided to choose an cxper irucnt design
that would provide ma ximum information with the least nu m be r of e xperiments.
TIll' selected mod e l was the Taguchi L,. model ", which a llows studying factors at
two or three levels , as was desira ble in our case. Th e level s of the stud ied
variabl es are set out in Tab le 1. Em ulsi ons 13-3748 and 13-471 0 had been
d e vclo ped by SAAT I. ta k ing in to account th e characteristics to be ex h ib ite d for use
in th e lase r ex posu re eq u ip men t involved . The EA emulsion was an e m u ls io n that
is ma rketed for u se in instruments of th is type . Similarly, of the cat al ysts used, one
co m me rci al product was found (CAl, while the other w as supplied by SAAT I
(Fixing .lgen t-C3l.

Parameter Lewis

I 2 3

Type o f emulsion 13-374S 13-1710 lOA
La ser velocit y (pps) 117 140 ) (l .J

Laser power ( Ill \\' ) 350 400 --
Type of cata lyst CA Fixing agent -C 3 --

l 'atalysis time (min) 10 ::'0 --

l i, blt' l. Vl1rill thl/ llt'1:' I'I... ( ~f tl l ('.Ih.'t ' '; f /ldicd pannnctcr-,
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Tabl e 2 indicates the levels of th e five parameters in each of the 18 tests that were
performed, d etermined by the selected expe rime nt design.

Parameter levels
Test DO.

Laser power Type of Laser velocity Type of Catalysis time
emulsion catalyst

EI I I I I I
E2 I I 2 2 2
E3 I I 3 2 2
E4 I 2 I I 2
E5 I 2 2 2 2
E6 I 2 3 2 1
E7 I 3 I 2 I
E8 I 3 2 2 2
E9 I 3 3 I 2

EIO 2 I I 2 2
Ell 2 I 2 I I
E12 2 I 3 2 2
E13 2 2 I 2 2
E1 4 2 2 2 2 I
EI5 2 2 3 I 2
EI 6 2 3 I 2 2
EI 7 2 3 2 I 2
EI 8 2 3 3 2 I

Table 2. Parameter teiels ill the diffi'Tl' llt tt'-;;;t ,:, .

The 18 screens were prep ared in the usual fashi on using po lyes ter fab ric wi th a
mesh coun t of 77 threads / cm stre tched over the frames, ten sed at 14 N I cm. The em uls ion
coa ting was ap plied with an autom atic ap plicator. Applied coating th ickness was 10 urn.
The scree n coated with the em ulsion to be tes ted was put into the DlSE 3 equipment and
a contro l patte rn p rint was ru n, consisting of va rious regions wi th di fferen t theoretical
open areas (0, 10, 20, 30, 40, 50, 60, 70, 80 and 90%).

The abrasio n res istan ce of the resul ting screens was determ ined by a
sta nd ard TABE R abras io n tester!':", w h ich allowed assessi ng em u lsion loss in
terms of th e number o f ab ras io n cycles th at th e sc ree ns were su bjected to . This tes t
was ca rried o u t on a sc re en area w ithou t any design a nd on the sc reen s ide th at
presented m ost e muls io n (the sc reen face in co ntact wi th the til e in the prod uction
p ro cess ). The sc reens underwent 1000 ab ra sion cycle s, w h ich were ru n in 100 cycle
stages; weig h t and thi ckness lo ss in the tested sc re en part were de te rm ined a fter
each stage.

The percen tage real ope n area was determined ((emulsion-free areal total area)) ¥
100) of the differen t parts of th e contro l pattern (10, 30, 60 and 90% theoretical open area ).
The test was carried ou t by an expe rime nt al assembly that allowed exa min ing the scree n
surface through a stereoscopic magnifying glass . The convenien tly illu mina ted image
was captured by a CCD camera that perm itted image di giti sat ion and subsequent
computer processing':".

11 2). ISO S-l7D-1980 Rubberor p/a':' tics coated tarries. Determ ination of abras ion resistance .
113). NE'\ CR F, E; ~IOR F. :-JO, A. ; G r\I E\; FZ, S.. et a l. Con trol de pa n tallas serig raficas u tiliza d as en la deco racicn de baldose s

ceremicas . In: XX XVI Con greso Xeci onal de Ceram ica y Vidrio: libra de rcsu rncncs . Arganda del Rcy, Ma drid: Sock-dad
Espan o la de Ccremica y Vid rio, 1996, p. 132.
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4.2. RES ULT S
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On dete rm in ing th e o pe n Mea in the d ifferent parts of the con trol pattern in the 18
sc ree ns (Table 3), it was fo und that the ex pe rimen ta lly determined o pen area pe rcen tages
did no t m at ch the theoretica l va lues, nor were thev th e sa me for a ll the screens, th at is, the
di fferent st ud ied par amete rs affected th is cha ra'cteristic. Howeve r, it was no t s tud ied
w ha t each parameter 's pa rticu lar e ffect was, as the open a rea co uld be quite s im ply
cha nged on ca librat ing the laser exposure equi p men t. Suc h ca librat ion in vo lved
modi fying the design so th at the rea l open area matched the targeted th eoretical va lue.
Thi s opera tion is set ou t in deta il in Sec tion 3.

Test no. Theoretical open area (%)

10 30 60 90
EI 3.5 18.R 53.3 R4.5
E2 5.4 33.5 58.R 93.4
E3 1.4 I R.6 54.6 X9.11
E4 2.4 21.5 511.7 911. 9
E5 2.9 31.0 62.5 96.4
E6 2.2 23. 1 54.1 95.11
E7 4.5 22.7 59.6 911. I
E8 8.6 33.6 63.5 92.7
E9 3.3 7' 7 54.2 R9.2-'--'.-

EIII 4.11 22.7 50.7 X7.6
EI I R. 3 311. I 59. 1 8X. 0
EI 2 1.3 11.9 51.3 X6.9
E I3 4.4 13.2 57.2 XX.O
EI4 6.4 2R.2 6X. 3 94.0
EI 5 1.4 18.2 50.5 ~X .4

EI 6 6. I 24.6 59.X XX. 9
EI 7 5.3 26.5 66.3 91.9
EIX 2.5 19.4 52.4 86.5

Table 3. Rt'~ l df~ t ~f f lrl' opt'n arell detall/ ill at ioll il l tht' tt'~ f t'd ."(n 'I ' l l ~ .

In co nducting so m e tria ls pr ior to ru n ni ng the experimen t design, the met hod ' s
sensitiv ity to the operatio n in vo lved in de ve lo p ing th e cured em u lsion became clear.
The sens iti v ity beca me eve n more ev iden t o n observing the screen regi ons in which
smal l e mu lsion do ts were to be reprod uced (h igh in k release areas). In some cases the
absence wa s detected in th ese areas of a nu m be r o f such d o ts . Fig . 8 shows a
photograph of a reg ion, corresponding to a 90~;. theo re tical o pen area w ithout em u ls ion
loss. The photograph in Fig . 9 shows the sa me area w ith emu lsion loss produ ced in
deve lopin g .

ln some of th e 18 scree ns that were produced, em ulsion loss was found in regions
of the con tro l pat te rn wi th h igh open areas, so th at it was co ns id ered of inte res t to
establish how each parameter affected em ulsion loss in develo ping, si nce such loss can
g ive rise to g rea t problems when it comes to reprod ucing a screen .

Do t loss was assessed in the reg ion co rrespond ing to 90% th eo re tical o pen area on
co mputing by image analysis the p ropo rtional increase in screen open area owing to
em u lsio n poin t loss. Th is calcu lat ion was perfo rmed by de termini ng the open area (');, real
Mea) of the 9()';i, open area, and subseq uen tly es tima ting th e area assu m ing there had
been no emuls ion loss (% a rea w itho u t loss ). Fin a lly the increase in open area o r em u ls ion
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Joss was calcu lated by the expression: ((% area witho ut loss -% real area )/(% area witho ut
lossl ) x 100.

Figure S. PJlOtosrnph of II rcgioll with a 907-,
theoretical Op C1I a n'll.

Figure 9. Photograph of a region witll a 901
} ; ,

theoretical (Ipell area CXllibitill,'l:cmut-ion lo~~ ..

Table 4 ind ica te s th e characterisatio n results of th e 18 sc reens co rrespond ing to
experiment des ig n. For b rev ity onl y the pe rcentage in crease in open a rea (em uls ion
loss ) p roduced in d eve lopin g is given in th e table, togethe r w ith wei ght loss and
d ecreased thickness found in th e different scree ns on undergoing 1000 ab rasion
cycles .

On subjecting the resulting d ata for emulsion loss in developing and weight loss to
va riance ana lys is, it was found th at the pa rameters that had a significant effec t (level of
importa nce <0.05) we re the type of emulsion and laser velocity in the former case, and
type of emulsion in the lat ter case. Table S rep orts the level of importance established for
each parameter.

Emulsion loss in
Abras ion resistance

Test no. dcvelup lng
(1000 cyc les)

0;' w eight loss Thic kness dec rease
(mg) (J1 m)

EJ 0 4
E2 2.8 18,4 5
E3 0,4 -l5..+ 19
E4 0.0 7.3 ,

.'
E5 6.2 4,4 5
E6 8.6 48.9 16
E7 0.0 13.5 4
E8 2.5 12.7 4
E9 1.3 36. 7 12
EIO 0.0 14.6 4
El l 0.3 10,4 8
EI2 0.9 46.7 15
EI3 0.0 0 0
EI4 4.9 3.5 3
EI5 1.6 28.8 13
EI6 0 11.2 3
EI7 1.6 22.6 8
EI8 1.3 49. 1 15

Variance an alysis also yielded mean values for the stud ied properties at every tested
level for each pa ra meter. Tables 6 and 7 respect ively ind icate the mean va lues
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corresponding to the para meters that had a s ignifica nt effect, namely type of emulsio n and
laser velocity.

Level of imp or tance
Parameter

Emulsion loss in We ight loss
developi ng (%) (mg)

Type o f em ulsion 0.0453 0.0000
Laser veloci ty 0.0396 0.05S2
Laser power 0.5577 0.73 5S

Type of catalyst 0.2S66 0.3606
Cata lysis time 0.71 96 0. 5444

;\Iea n values

Emulsion Emulsion loss in Weigh l loss
de veloping (%) (mg)

13-374R 0.0 XA
13-4710 4.0 u .;

EA o 0 41.X

Laser vclocltv (n ns) Emuls ion loss in develoninu (%)

117 0.6
140 4.c
163 1.0

-

The above resul ts showed th a t the m os t im portant pa ramete r was the type of
emulsion . It was furthe rmore sho w n that e m u lsion refe rence 13-374X ex h ib ited the best
cha rac terist ics as it v irtua lly lost no em ulsio n in d e ve loping a nd ex h ibited ve ry lo w
weig h t loss in abrasion . Laser ve loc ity a ffected e m u lsion loss to a g reate r extent than laser
power, howe ve r. as a lready mentioned , these paramete rs depend ed o n em u lsio n type,
fab ric th ick ness, etc.

In order to compare these findings w ith a tradit ional em u lsion, weight loss
wa s determ ined of a screen ob ta ined by the traditio nal method . on undergoing
abrasion. At 100 abrasion cycles, the screen lost a mass of 40 mg. w h ic h indicated
th a t emulsions 13-374X and 13-471 0 coul d be considered ac cept able wi th regard
to this property. In the trad itional process there w a s no e m u ls io n loss in
d evelopi ng.

Conseque n tly, em u lsion 13-3748 was used to start w ith , but subsequen t trials
ShO \VL' d that s ligh t variat io ns in S0 l11C prod uct ion p rocess pa ram ete rs such ,1S d ry ing of
the screen p rior to p lacing ins ide the laser ex posu re eq ui p men t. or the intensi ty of the
d e veloping p rocess, gave rise to e m u lsio n loss. This led to d eve lo ping a new e mu lsion
w ith cha racteris tics resembling those o f e m u lsio n 13-374X, which how e ve r ex hi b ited les s
sensitiv ity to the d e veloping process.
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SAATI similarly enha nced catalyst cha racteristics, ma king it more resistant to
chemical attack than the screen-p rinting veh icles used in ceramic tile ma nufacture.

Several scree ns were produc ed using th e new emulsion (SAATIKER 5113 LE)
and the new catalyst (FIXING AGENT C5), and bo re control pa tt ern s printed on
them. No emu ls ion loss wa s found in developing, and go od reprod uc ibi lity wa s
obta ined between the open areas in the control patterns of all the screens. Table 8
indicates the resul ts of the open a rea determination in some of th e sc ree ns made.
Reproducib ility cou ld be conside red satisfactory, since it ha d been estab lishe d
experimen tally beforehand that a difference in open a rea ,,;3% prod u ced no
di fference in fina l tile co lou r (sha des), whereas at a differen ce ;;,5% shades were
found to a rise in the ti les.

Theore tical ope n area Screen
(%) I 2 3 4 5 6

20 8.3 8.0 8.2 7.9 8.1 7. 1
30 14.9 15.2 15.4 14.2 15.2 14. 9
40 22.4 23. 1 22.4 2 1.5 21. 9 2 1.3
60 45.7 44. 8 43.9 46.5 40.0 43.3
70 57.0 57.0 58.0 58.3 56.7 55.4
80 69.7 69.2 70.7 67.0 65.7 67.2

Tab le 8. Oven area reproducibili ty ill screens produced by laser t'xl'0sure.

It can be obse rved that the theoret ical open area did not coincide with the actual
open area. This was because the tests were run wi thout calib rati ng the laser equipment,
which was done as set out in the following section.

Ab rasion resistan ce of the new emulsion was determined wi th the resu lting screens.
The resu lts are reported in Table 9, where they are compa red to data obtained with the
emulsion used in the trad itional procedure.

Abrasion res lstance (1000 cvcles)
Emulsion Weight loss Decrease in thickness

(mg) (um)

Traditional 40 17
SAAT IKER 5 113 LE 18 3

Tabl e 9. A brasion resistance (If the emulsion for la-er and t raditional t'Xp05Jlre.

It can be observed that the new emulsion exhibited grea te r weigh t loss than the one
obtained with emu lsion 13-3748, however th is was less than the we ight loss found with
the tradi tional one.

5. CALIBRATION OF THE DISE 3 EQUIPMENT

As obse rve d above, laser exposure yielded screens whose ope n area in the
di fferen t con trol patterns d id not match expecte d va lue s in terms of the star ting design
pattern. It was therefore necessa ry to establish a tr ansfer fun ction that allo wed
obtain ing the exp ected (theoretical) open area. This tra nsfe r fu nct ion depended on the
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type of emu lsion and fabric used . Thus, ha ving es tablishe d the type of em u lsion to be
employed, th e transfer fun ction for ea ch fabri c used in no rmal produ ction was to be
det ermi ned .

It was th us necessa ry in princi p le to estab lish su itable laser power and velocity for
each fabri c and each emu lsion w ith regard to the ta rgeted product, subsequen tly
determ in ing the transfer fun ct ion to be used .

Suitab le lase r inte nsit y a nd ve lo cit y were d e term ine d by produ cin g s creen s
bearing on e or more co n t ro l pattern s as a des ign . Differen t la se r powers (350, 375
and 400 mW ) a n d velo cit ies (l OS, 117, 140 and 173) w e re th e n te s te d o n these
sc reens. If th e e m u ls io n had not adeq ua te ly h a rd ene d a t a g iven p o wer a n d
ve loci ty, to ta l e m uls ion los s wa s fou nd in regions w ith a h ig h th eo re ti ca l o pe n
area (80 , 90 a n d 95% ) in d evelo p ing. Ho w e ve r, w he n exce ssi ve e m u ls io n
h a rdenin g had occu rred, it was fo und after d ev el op in g that re gi on s conta in ing
low th e o re t ica l o pe n areas (5, 10 %) con ta ined no openin g s to le t th rou gh the in k.
Appropri ate la se r s t re ngt h and ve locity we re co nsidered to h a ve been ac h ieved
w hen good re produ ct ion o f th e hi gh es t a nd lowest o pen are a perce ntages was
fo u n d.

Having established these tw o param eters, the trans fer fun ct ion w as determined .
This was d one by producing a screen w ith a contro l pa ttern contain ing the follow ing
theoretical open area percen tages: 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 95%. The real ope n
area was the n determined on the resul tin g screen as set out in Section 4.1. Th e outcom es
were then used by the design de partment to modi fy the design pattern . Th e resu lting
tran sfer fu nctio n was subseque ntly checked by p rod ucing scree ns w ith a control patte rn
and ve rifying whether the different regions actually possessed open areas resembling the
theoretical ones.

Tabl e HJ detai ls the findings of the open area determination on two scree ns
produced w ith the SAATIKER 5113 LE emu lsion and the fabri c wi th a mesh count of 77
threads / ern, at a strength of 375 mW, a ve loc ity of 140 pps, and a su itable transfer
fu nction. It can be observed tha t a real open area was found that resembled the theoretical
value.

Theore tica l open area Screen
(%) I 2

5 4. 1 5.0
10 1\ .0 I I.9
20 22.3 21.7
30 3 1.5 32.2
40 42.5 39.7
50 51.7 49.9
60 57.1 58.6
70 70.0 68.3
80 78.2 76.7
90 89.0 89.0
95 92.9 94.4

Table 10. Opl'lI arl'll~ determined affe l" applicatio/l of tilt' t nlll~fer [unction.
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The sam e tests we re run with the same emuls ion and two other di fferent fabrics, one
with 68 threads /cm and the other with 61 threads / cm. Table 11 presents the most suitable
laser power and velocity for ob tain ing screens in each case.

Fabric (threads/em) Power (mW) Velocitv (pps)
61 400 105
68 400 11 7
77 375 140

Table 11. Laser l'(tjn >r and i.'t'1(lCit.'l required ill terms of tYPt' offabric IN 'd .

6. RESULTS ON USING TH E PRINTING SCREENS IN THE PRODUCTION LINE.

On obtaining the tran sfer fun ction for the 77 thre ad s / cm fabric, 10 screens were
produced using a design used at GRES DE TULES, S.L. These screens were put into
production for the manufacture of a sma ll number of tiles (20). The aim of this tria l was
to manufacture cera mic tiles with all the screens in a short time, to keep variations in the
production process from giving rise to shades in the resulting glazed tiles. All the trial s
were carried out by the sam e opera tor on the sam e screen-printing machin e, using the
same ink under the same working conditions.

The resulting cera mic tiles were so rted by the method usua lly employe d In the
cerami c industry. All the tiles exhibited the same colour.

7. CO NCLUSIONS

The work carried out allowed preparing a new prod uction method for printing
screens used in decorating cera mic tiles. The method involved using digit ised image data
to reproduce the de sired image on a screen coated with a photosen sitive emulsion by
exposure of the targeted areas to a laser beam, using the DISE 3 equipme nt mad e by
MOGRAFO.

In preparing the method a new emulsio n (SAATIKER 51I3 LE) nee ded to be
developed by SAATI, exhibit ing appropriate cha racteristics for laser curing and for
withstanding aris ing physical as well as chemical attack in service in the production
line.

The use of the laser exposure sys tem with a suitable emulsion allowed obtaining
printing scree ns with good de sign reprod ucibility, whi le suppress ing the colou r
di fferences (shades ) among screens usually found in screen production by the tradi tiona l
method .

This screen preparation method presents a series of advantages compared to the
trad itional method , most of which stem from not having to use ph otolithos:

- Sav ings in ph otographic material.

- Simplification of the design storing sys tem since ins tead of keeping phot olithos,
files are saved .
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- Grea ter versatility in d esign modifica tion .

iB QUALI 98

- Elim ina tion of problems ow ing to di fferences be tween photolitho s of the same
design causing shades in glazed tiles.

Highl y accurate positioning of the de sign on the screen, reducing the need for
subsequent adj ustments the screen-p rinting machine on replac ing on e scree n by
ano ther.
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