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Suitably dispe rsing th e solid particles (frit and pigment) that make u p sc ree n- pr int ing
inks, with in the sus pe nding liq uid , is a fundame nta l processi ng ste p of suc h inks, A
di sp ersion , w hic h is lacking in th e mix's solids cons titue nts , can give rise to variat ions in
th e dis pe rs ion's pro perties during product ion, as well as yiel ding inappropriate behaviour
of the ink in its screen-printing applicat ion. thus producing a flawed glaze coating.

The re are curre ntly no establishe d me thods of qua nt ifying the degree of d ispe rs ion of
th e so lids cons ti tuen ts in th e screen-p rint ing inks usually em ployed in cerami c tile
manu fac ture.

In the present study, different met hods have been des ign ed and deve loped for
quan tify ing the leve l of dispersion of th e so lids cons ti tuents in industrial inks. On the one
ha nd. laser d iffrac tion techniques were em ploye d to ver ify the ove rall solids di sp ersio n in
the so lids mix. On the ot he r hand, a nove l image analysis tec hnique for glazed surfaces has
been prepar ed , allowing qu ant ification of the deg ree to which the pigments used have
been d ispersed.

Applying these tec hn iques has enabled the degree of dispersio n to be det ermin ed , on
usin g screen-pr in ting ink preparation sys te ms that involve applying differen t di sp er s ing
ene rgies . It was shown , that the most widely ad op ted d ispersio n method currently
employed in industry does not pro vide th e required levels of dispersion .

1. I :'I:T RODUCTIO:\,

At present , ceramic tile man ufacturers have adopted screen prin ting as the major tile
decorati ng technique.

Sc ree n pri nting involves depositing in k through a ma sk he ld ove r a stretched fab ric ,
wh ich only lets ink through certain areas, thus reproducing the des ign in the mask.
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Successive applications of different colours usi ng mas ks wi th differing designs, allow
relatively complicated dec orations to be obtained . Moreover, this technique makes it
possible to obtain qu ite th ick depositions of ink, and produce large production batches
economically.

Th e screen-printing inks that are cur rently employed consist of conce ntrated solids
suspensions with highly varying compositions (Fig. 1). The solids, which make up round
50-70 wt 'Yo of the paste , are bas ically frits and pigments. As far as the suspending liquid is
concerned, the traditionally used vehicles based on mineral oils have be en replaced by
different kinds of polyglycols in recent years. Nowadays some additives are also being
includ ed by directly mixing them with the vehicle, thus contributing certa in specific
func tions.

Vehicle

Frit

o 20 40 60 80

Intervale cornposicion ('7c )

IIX)

Figure 1. Composition interval of indu strial screen-printing inks

The genera l screen-printing paste preparation method [1] ha s been schematically
dep icted in Fig. 2. The frit is first wet milled in a ball mill to a targeted particle size, wit h
subsequen t drying. The pigments are fabricated by calcination and then ground and dried .
Th ese steps are us ually carried out by the frit an d pigment producers. T he tile
manufacturer directly prepares the screen -printing paste by adding the se solid s to the
suspending liquid, according to preset loading formulas. After mixing the constituents,
with a view to removi ng the coarsest particles from the paste, a refining process is often
run usi ng different systems: scree ning, three-roll mill, colloid mi ll, bead mill, etc.

In order to ass ure the reprodu cibility of the screen-printed coating across time, it is
necessary to maintain highly cons tant opera ting conditions and ma terials charac teristics .
To do so, it is vit al to obtain pr inting pas tes with perfectly dis pers ed solids in the
sus pending liquid or screen -printing vehicle.
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Veh icle

Shade and viscosi ty
adjustamcnt

Figure 2. (;, ~m'mll'n'jJ(Jration proce....s for screen -print ing inks.

1.1. SOLIDS DISPERSIO:\, IN LIQUID S

The ter m di spersion refer s to the whole process of incor po rati ng a particu lat e solid in a
liquid medium a nd obtaini ng a suspens ion in wh ich each particle behav es inde penden tly.
co m ple te ly surro u nded by th e medium [21.

'I'll" ove ra ll dis persion pro cess may he schemat ically d ivided into three stages [2113] . in
w h ic h different ph ysical processes ar ise (Fig. 3):

a) Particle wetting.
h) Breakup of particle gro u ps [aggregates and agglom erates).
c ) S tabiliza tion of d ispersed particl es .

•+
• --- f:t• •.-..-
0 4) G

"'gun! :1. StJlhJ~ di ."JlI'rsioIl .'i lu~es: fa] wet ti ng. (b) (J:::gJomeru l( ~ lm·(J J..lJfl. Ie) ...tubili zu tinn,

III practice. these stages ove rlap and may be hard to iden ti fy. however, o n separate ly
ana lysing th em . more may be lea rnt about di spersion . enabl ing Ill" overall process to be
opti mized .
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Before analys ing the principles involved in dispersi ng a solid, a series of concepts needs
defining, which will be used repeatedly in this study. Aggregates are grou ps of pr imary
particles lin ked at the ir faces , exhibiti ng a sign ificantly lower specific surface area than the
sum of the surface areas of their constituent particl es. which is why much ene rgy is
required for their breakup, Agglomerates are pr imary particle groups and/or aggregates that
are lin ked at the ir edges and corners . in which the specific surface area of the group
approa ches the su m of the surface areas of the group's cons tituents. Finally. floes are
particle groups in which the bonding forces are weaker than those in th e agglomera tes. an d
mu ch weaker than those in the aggregates . Floes can therefore be easily de stroyed. but may
form again just as eas ily if the force separat ing them is removed.

These three stages will be consi dered separately below, ide ntifying the physico
chemical principles involved.

1.1.1. Particle wetting.

The wet ting process in a powder made up of solid parti cles, consists of bringing the
whole solid surface into contact with the liquid [4]. This includes bot h the external
surfaces and the internal ones of the aggregates and agglomerates [1] .

Placing a solid in a liquid prod uces a series of changes in the solid-liquid-gas in terfaces.
which involve cha nges in the energy of the system, and which control th e wetting process.
This process is usually represented schematically by dividing th e pro cess that ar ises when
a cubic parti cle is in troduced into a liquid. into three stages (Fig. 4):

- Adhesion: The solid is brought into contact with the liqu id. producing a new solid
liquid interface that replaces the gas-solid and solid-gas in terfa ces.

- Immersion: The gas-liq uid interface is kept cons tant. whe reas the soli d-gas inter face
is replace d by a solid-liquid interface.

- Spreading: Substitution of the solid-gas by the solid-liquid in terface is completed ,
an d th e original liqu id-gas int erface is formed again.

o G
Figure 4. Stages involved in weltin g u solid : fa} odhosion, (b) immersion, re) spreading .

The total work involved in wetting a solid will be the sum of the wor k associa ted with
eac h of the three processes , and may be calcula ted by means of the followi ng equation:

w = W" + w;+ W, = Y,.,,· (cos S + 1)- 4 y l./vcos S· YL/v( cos S - 1)= .6 y l./v cos S (1)
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The wett ing work de pends on inter facial tens ion and the co ntac t angle . This may be
positive or negat ive acco rding to the va lue of cosa , which means. respectively. that the
wetting proces s may be spontaneou s or require the application of a certa in e ne rgy. In
practi ce, adding surface-active agents lowers liquid surface tension and e nsures th at 8
approac hes zero, thus encouraging th e pa rticle surface wetting process.

However, it ha s been indicated abo ve that the wetting process a lso incl udes th o
penetrati o n of liquid into the inner aggregate and agglo me ra te channels. T he pressure
requ ired for a liquid to enter a por e is:

-.2:'Y~LI~\''':c.::.o:.s8:.1'= -
I'

(2)

Therefore . pe net ra tio n will on ly be spo nta neous when 8 <90°. However. th e greater
su rface tens ion 'fl.\' is. the greater will the pressure be for the liqu id to en ter th e pores .

Surface-acti ve age nts provide ea sy, good surface wetting of a solid [by reduci ng H),
ho wever they a lso lower su rface tensio n, which reduces capillary pressure a nd hinders till!
process by which liqu id penetrat es ins ide th e so lid . Fur thermore , for a giv en solid. th e
wet ting ra te is pro portional to th e product YI"vcos8 and in versely pro por tio na l to til"
viscos ity of the liqu id . Ad ding su rfactants lowers th is product, so tha t th e penetra tion
ve loc ity dro ps . It is the refore necessary to se lect a surface-ac tive age nt that as sures surface
well ing of the so lids w itho ut excessively lowering surface tens ion . s ince th a t h inders
we tting of the inner surfaces.

1.1.2. Breakup of particle groups

T he brea ku p of aggr egat es and agglomerates into their particle co ns tituen ts invo lves
breaking bonds a nd generating new surfaces . wh ich means in crea sing the e nergy of till!
sys te m . The main mechanisms em ploye d in applying su ch energy to bear on th ese gro u ps
are im pact and shear (Fig. 5).

-.,; ...

o-- ---*----.,- --

fig ure 5. A~](Jnwmt(~ iJrl,'uku]J m echanism !'>: (a) impact. (b) she ar.

Im pact dispersion is based O il transmi tting high kinetic energy to parti cles or gro u ps ,
ca pa ble of ca us ing th em to break up in to sma ller fragmen ts. Im pact d isper sion sys tems an ,
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based on making pa rticles hit an element that has a different veloci ty to theirs. The
efficiency of such impacts largely dep ends on th e viscosity of the su spension, owin g to
viscous da mpi ng, so that they are on ly operat ive while th e suspe nsion has low viscosity.

Shear dispersion is based an a viscous drag me ch anism. As a resul t of differences in
velocity amo ng the various sus pens ion layers across which th e agglomer ate lies , shear
stresses arise th at tend to separate agglomerate cons tituents. The greater th e medium's
viscos ity, th e greater will the she ar rates be that can form, and the greater will th e shear
stresses applied to th e agglomerate be. The kinds of equipme n t that work via th is
mechani sm operate using highly viscous su spension s.

1.1.3. Stab iliz a tio n.

After particle wett ing and aggrega te and agglomerate breakup, it may be of in terest to
suppress floc formation in th e sus pe ns ion, and keep individualized pa rticles . This ca n be
done by ensuring th at th e in terparticle repulsion forces prevail.

It is common practi ce to use sa lts and polymers that modify electro static and steric
forces for stabilizing sus pe ns ions.

1.2. INFLUENCE OF DISPERSION IN SCREEN-PRINTING INKS

The disp ersion state of the solids comprised in a screen-prin ting ink has a marke d effect
on ink be haviour during ap plication as we ll as on the characteristics of the res u lting
coating [5].

The presence of large particle groups, w hich have difficulty in gett ing through the
mesh , makes them acc umulate on th e printing screen, clogging it up and not letting part of
th e ink through. Furthermore, the gloss of the resulting ,coating is also related to th e size of
suc h groups , so th at the larger th ey are, th e lower will gloss be .

The size di stribution of particl es and existing groups directly impacts the viscosity of
the sus pe nsion , and the in tensity of the resulting colour.

On the other hand, having an incompletely dis perse d system makes it keep on evolving
to ac h ieve greater di sp ersion . This gives rise to stabili ty problems, both wi th regard to the
viscosity of th e ink and to the resultin g decoration colour.

Owing to th e man ifes t im portance of the degree of solids di sp ersio n in screen-printing
inks, the pr esent study has attempted to es tab lish the most su itable labo ratory methods for
assessing th e disp ersion of th e various ink constituents . These methods we re su bsequ en tly
used to study how using different in du strial facilities affec ted disp ersion in severa l kinds
of ink.
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2. EXPERIME;\;TAL

2.1. ;>,IATERIALS.

Tabl e I shows the sim plifie d com pos it ion of the inks used .

"fable I. Ink com j!ositions used.

Co m oosition (0/0) Ink L1 Ink L2 Ink L3 Ink L4 Ink 11 Ink 12
Polvalvcol 38 .0 40 .0 34.3 38 .9 41.3 39.3
Frit 36 .5 57 .2 38. 0 60 .8 43 .5 GO .5
Pigment 25 .5 2 .8 27 .7 0 .3 13 .2 0.2

Inks LI -IA we n' prepared in the labora tory, whereas sa m ples 11 an d 12 we re taken from
in ks that were pre pare d in dus tria lly for usc in produ ct ion.

2 .2 . EQUIPME;\;T.

The inks were mixed and dispersed by means of the followi ng equipmen t:

Laboratory stirrer. This appara tus involves a pro peller-type stir re r, which docs not
produ ce any appreciable shear. Rotating speed was 27 0 r.p.rn..

Laborat ory dispers er. This ap par atus consists of a disk impe ller blade with rim
se rrations. hav ing a 10 em diameter, se t at right angles on a rotati ng shuft. The des ign
yields relat ive ly hig h she ar in the region between the disk an d the bott om of the con ta iner.
Rotating speed was :1000 r.p. m..

Ind us/rial disperser. The design of th is facility an d th at of the labora tory disperser were
a like . The di sk used had a 25 ern diamet er. with a ro tating spee d of 900 r.p.m ,

Three-roll m ill . This fac ili ty co nsists of th ree metal cylinders, arranged in paralle l.
which ha ve va rious ro tating speeds. The close ness of th e cy linders allows generat ing very
high shear st resses, excee di ng th ose of the di spersers described abo ve. The fac ili ty operates
at a roller pr essure of 13 bar. with an out put of 1H)-'J:lO kg/h.

lubot utorv head m ill. A laboratory bea d mill was used with a mi ll ing cha mber vol urnn
of 0.5 lit re. Th is ap pa ratus basica lly co nsists of a conical drag ro tor. which fits a con tainer
hav ing the sa me conical shape [stator]. The mill ing bea ds are locat ed in the space between
the rotor and con ta ine r wall. and are moved by the turn ing rotor. Th e sample was pum ped
in to the space where milling ta kes place. Th e d irec t act ion of th e beads upon the parti cles
or gro ups (by frict ion and co mpress ion ) enables enough energy to be trans ferred to mi ll
the m. A flow rate of 30 kglh was used. wit h a bead load th at occupi ed 500/0 of chamber
volu me.

Industrial head mill. This m ill is a sca led-up mod el of the lab orat ory bead mill. A flow
ra te of 40 kg/h was used , with a bead volume tha t Jook up 50% of mill ing chamber vo lume.
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3. RESULTS

3.1. ASSESSMENT OF THE DEGREE OF DISPERSION

3.1.1. Particl e-size analysis

Particle-size analysis me thods can be a valuable tool for stu dying the degree of
disper sion [6]. They directly measure the size of th e u nits present in the suspens ion.
regardless of whether ind ividual par ticl es of groups of pa rticles (aggregates , agglomera tes
or flocs) are involved . The technique employed in thi s study was laser diffractio n .

Parti cle-size ana lysis tec hniques always work with highly d iluted suspens ions. The inks
must therefore be dilu ted before running the measurements. The sample dilu tion process
could raise its degree of dispersion. In order to prevent any such alte ra tio n, the following
precau tions were taken . Dilution was carried out on the same carr ier that co nta ined the
inks , since any change in the na ture of the liquid in volved could have seriously affected
the degree of ac tual particle dispersion in the original ink. Furthermore, th is dilu tio n was
carried out slowly. without producing any appreciable shear that mig ht have broken up the
agglomerates.

In or der to verify whether the procedure describ ed for diluting the in ks had been
cond ucted without producing any excessive change in the degree of dispe rsion in the
sample, co mparative testing was do ne by applying ultrasonics after dil u ting (Fig. 6).
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Figure 6. Effect of applying ultrasonics on a parualtv dispersed ink.

App lying ultrasonics yielde d a progressive reduction of the largest gro ups , raising the
fine distribution fraction . Thi s behaviour ind icates that the dilution procedure d id not
unduly affect the degree of par ticle dispersion in th e ink and that th e particles were not
fully disper sed, since applying en ergy by means of ultrasonics allowed breaking up a
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significant fraction of the exist ing groups. The technique involved may therefore be used
to assess ink d ispersion.

Screen-printing inks can be prepared with different types of equipme n t, which may
provide varying degrees of dispersion. In order to examine th e dispersi on resulting from
th e use of d ifferent kinds of equipme nt, three inks were prepared using three types of
preparation equipme n t on a laboratory scale, namely : a stirrer, a disperser and a bead mill.

The plots of th e particle-size distribution curves of inks L2 and L4 (Figs. 7 and IlJ.
prepa red with these different types of equipment. sh ow co nside rab le variations. The ink
prepared with th e disperser yields a mu ch finer particle-size distribu tion th at of the ink
prepared with the stirrer. On the other hand, the si ze distribution found with the bead mill
is the finest. since a milling system is actually involved. capable of applying enough
energy to reduce particle sizes, or break up the most resistant aggregates .
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Figure 7. Ink L2 particle-size distribu tion with different preparation systems.

. 2SG-



8

6

t 4

12

10

o
1000

Frequency ('70)

tOOto
Diameter (urn)

Preparation
- Stirrer
- Disperser
- :VIiIl

oL~~~ ~§§::::'~~~~~~
0. 1

40

60

20

so

Cumulative volume ('70)
100 ...:-- - - - - -:........:- - - - - - - -"...:= ...:---.:,

Figure 8. Ink L4 particle-size distribution with different prepara tion systems.

However , ink L3 (Fig. 9) showed differing be haviour. The particle-size distribution
found on prepar ing thi s ink with th e disperser was only slightly fin er than the one
obta ined with the stirrer. This is because the par ticle gro ups that exis ted after mixin g were
res ista nt enough to withstand th e she ar stresses generated by the disperser. On th e other
hand, the bead mill did allow reduc ing the proportion of aggregates and agglomerat es , as it
can reduce pa rti cle size.
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Figure 9 . Ink L3 ponicte-eize distribution with different preparatio n sy stems".
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T he behaviour observed may be explai ned as a res ult of the d iffer ing nat ur e of the frit
and pigment particle gro ups . Frit agglomerates arc formed in the d ryi ng stage, so that they
are much more bri ttle than the pigm en t aggregates formed by calcination. Thus, frit
par tic le agglomera tes are dispersible on applying sufficiently high sh ear. However. th e
h ighly resistant pigment particle groups do not dis perse under low sh ea r stresses and
requ ire suc h sh ear to be very high. or even need the action of a mill to disperse them. This
explains the behaviour of inks L2 and IA that have a low pigment con ten t. and ink 1.3 tha t
has a high pigment proportion .

Th is technique docs not di stingui sh between ink constitue n ts. but yi elds an overall size
di str ibution of sample constituents. Co nsequently. if a low pigment proportion is in volved.
it w ill not he possible to know whether it is well-dispersed or no t. although thi s may be of
cons idera ble im portan ce optically. later on.

3.1.2. Mi croscopy and im age analysis.

An exami na tion of the pigment at the sur face of a fired ti le, by mea ns of optical
microscopy, a llo ws directly appreciati ng its state of agglomerat ion when the ink wa s
applied , whic h makes this tec hn ique of th e grea test interest.

Th e accompan ying figur es depict photographs taken of th e tile decora ted with in k 1.2
(Fig. 1(1 ), showing th e presence of parti cle gro ups . Inks L:l and 1.-\ sho we d too little contrast
to a llow ident ify ing th e pigment.

-.
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Figure 10. Photop,raphs taken with an optical microscope of (h f.' screon -nrin u-d surface w iiJ1M ink L2. with
dlfft.'rf~n t p fl'/mrauon methods: (a) stirrer. (h) di .\l'erser. le) lnnul mill.

In order to quantify th e images afforded by the microscope, these images were run
through a com puterized image ana lyzer. which counts the existi ng gro ups and de termines
their s ize , T he res ulting data for each dispersion process have been summarized in Tabl e
II.
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Table II. Pigment aggregate mean diam eter in ink 1.2 wi tii different prep aration equip ment.

:l:"k.IIlk L2 !W: kJl - + ' -- - Iur'iWl,! Mean diameteri] m)
Stirrer 2.64
Disn erser 2.52
Bead mill 2.12

It can be clearly obse rve d tha t pigment group size was lower ed on using dispersion or
mill ing sys tems. However, this reduction was small when only shear was applied, as a
res ult of the res istance of pigment aggregates .

In th is tes t, on ly da ta re ferring to the degree of pigment dispersion were obtained, as frit
fus ion during firi ng impeded any furthe r ap pr aisal. Thus, the image analysis test solely
assessed the degree of dispers ion and/or mill ing of th e pigment.

3.1.3 . Rheological behaviour.

The me tho ds set out in the foregoing sections directly measured pa rticle or agglomerate
sizes, so that th ey are considered direct metho ds. However, ink agglomerate size directly
infl uences a multi plicity of properties that might be used for indirectly assessing or
contro lling the degree of dis persion.

The size of the hydrodynamic units wi thin the sus pension has a marked impact upon
the rheological behaviour of the inks , which is why they can be us ed for contro lling
rheological behaviour.

In ks L2 and L3 (Figs. 11 and 12) exhibite d simi lar beh aviour. Us ing a h igh sh ear
disp erser left the flow cur ves unalt ered, and only slightly reduced viscosity. However,
whe n the bead mill was used , the slope of the viscosity curve climb ed noticeably. As a
res ult of the breakup of agglomerates with low compactness , viscosity dropped at high
shear ra tes, while inc reasing at low rates owi ng to the increase in forces of a colloida l
nature on loweri ng particle and aggregate sizes. Such behaviour was not observed on
employ ing she ar-driven dispersion systems, as particle and aggregate size remain
unchan ged .

Ink L4 (Fig. 13), which had a much larger particle siz e than the for egoin g ones ,
exhibited virtually constan t viscosity in the studied viscosity in tervals . This is because the
colloidal forces were practica lly negligible. The redu ction in particle size resulting from
bead milling yie lde d a drop in viscosity across the who le measured range.
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Figure 11. Ink /2 viecosttv cerro with different pre paration sys tem s.
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Figure 13. Ink L4 viscosity curve with different preparation systems .

3.2. DISPERSION OF INDUSTRIAL SCREEN-PRINTING I:\KS

In order to su bstantiate the laboratory results on an ind ustr ial scale. a ser ies of tests
were programmed. which would allow the degree of dispersion to be determined. ar ising
in some industrially used facili ties. and th e importance that this might have in res pect of
ink behaviour in prod uction.

The beh aviour of two industrial inks was studied , with different pigment pro porti ons.
These inks were prepared industri ally in a disperser, a three-roll mill and a head mill. The
findings have been detailed below,

3.2.1 Particle-size analysis.

Ink 11 (Fig. 14), containing a large pro portion of pigment . showed no ap preciable
variation of its particle-size distribu tion on being treated in the three-roll mill. possib ly
because the ari sing shear stresses were incapable of breaking up the pigment aggregates .
Su ch was however not the case with ink 12 (Fig. 15). which exhibited a slight dro p in the
pro portion of coarse particles on being treated in this facility.
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Wh en th ese inks un derwe nt the action of th e bead mill. particle size wa s observed to
undergo significa n t re d uc tion , as the whole distribut ion shifted towards smalle r sizes. Thi s
sys te m was able to completely eliminate all th e agglomerates and/or aggregat es , and even
effec tively red uce part icle size .
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The resulting size reduction with th e bead mill must obviously affect ink behaviour.
however , it was necessary to verify whether the variations observed on using the three-roll
mill were significant as far as the ink 's industrial behaviour was concerned. For this
purpose. and with a view to having a parameter that would be di rectly rel ated to particle
size, the oversize fraction was determined on a 40 urn screen of the materi al th at
accumula ted on this screen after di fferent operating times. This test was not run with the
bead mill becau se there were no starting oversizes of the inks prepared in th e bead mill.

Table Ill . Oversize at 40 own (wl%) of inks / 1 and 12on starting and after operating for 90 min.

Ink Preoaratioo Initial oversize Final oversize
11 Disnerser 5.5 14.1

Three-roll mill 4.7 12.3
12 Disnerser 6.2 17.0

Three-ro ll mill 5.8 14.4

Th e results obta ine d are summed up below. Th e inks prepared with th e three-roll mill
have slig htly lower initial overs ize fractions compared to those of the inks processed solely
wit h the disperser. Thus. after operating for 90 min. the cumulative coarse particle amount
on th e screen was greater in the case of the ink prepared with th e disperser. so that the
differences in oversize fract ions became progressively more significant.

In order to ascer tain whether th e agglomerates held ba ck were frit or pigment
agglomerates, the ink prepared with th e three-roll mill . found on the screen . underwent
chemical an alys is at th e star t and after 90 min operation. Th e test run involved boron
analysis. since this eleme nt was contained in the frit but no t in the pigmen t. The frit boron
percentage was also determined. in order to set up the relevant correlations. The resulting
data have been se t out in Tabl e IV.

SamnIe B2O,I%J
Frit 3.30
Start 2.70
Oversize after 90 min 2.50

It can be observ ed from th e table. that there was a 0.2% drop in boron (corresponding to
6.1% frit). after a 90 min in k residence on the screen dur ing the screen -printing operation.
This means that the three-ro ll mill lowered frit agglomerate size, enabling them to pass
through the pr inting screen better than the pigment aggregates .

3.2.2. Image analysis

On examining the screen -printed surfaces by microscopy. with th e different inks
prepared on an industrial scale, it was obse rved that only the inks ground in the bead mill
had an appreciably smaller pigment particle size.

Ink 11. with a high pigment proportion could no t be subjected to image analysis.
However, when this ink wa s ground in the bea d mill. the resulting text ure was more
uniform. Ink 12 yielded th e da ta shown in Table V. They show tha t al tho ugh the th ree -roll
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mill slightly reduce d
using th e bead mill.

pig ment aggregate size. this reduction only beca me noticea ble on

Table l~ Ink 12 1)i.~mf'IlI jJ(Jrtic1f ~ unci (/~~ro~(Jle llWWl diameter with difj~mnll)n'/mr(JliolJ ,"ys lf,'JIls.

Ink 12 Mean diameter (urn)
Disn erser 5 .81

Three-roll mill 5 .75

Bead miIl .. .63

4. CONCLUSIO;\;S

TIll) determination of particle sizes or particle gro ups is a useful tec hnique 1'01' assess ing
th e degree of soli ds dis per sion in an ink. as long as a suitable sa m ple diluti ng procedure is
used. so as not to bias th e sample und uly. The me th od can be em ployed for any type of
ink. and yields reproducible results . It is important to point out th at th e resulti ng part icle
size d istribu tio ns cor respo nd to the solids co ntained in th e sample (both frit and pigment) .

The examinatio n of screen-pr int ed surfaces by optical micro scopy allowed differences
to be appreciated in pigmen t particle size an d coating uniform ity. T hes e di fferences could
be quantifi ed by statistica l analysis of th e resulting images . th ou gh th is was on ly
applicabl e to inks co n tain ing sma ll qu antiti es of pig ment. Th e det ermi na tion hy image
analys is. of the mea n dia meter of the agglomera tes present in the fired sc ree n-pr in ted
coating. is a di rect measurement of the agglomeration state of th e pigment co n ta ine d in the
ink.

Ink viscosity is a parameter that is ver y sensitive to variations in the degr ee of
dis persion . Just as in th e foregoing method. it can be us ed with anv kind of ink. and vields- .
re producible res ul ts .

Of the preparat ion me thods stu die d . the only one that gave rise to an ap precia ble drop
in the exis ting particle gmup sizes was the method in volving bead mill processing. It was
a lso the method th at y ielde d the lowest amount of solids accumulation on the se men.

The three-roll mill only produced agglom erate breakup w hen the agglome rates were
large and/or had low res istance. as was the case with th e frit agglom erates. wi thout
ho wever no ticeably affec ting pigment aggregates. Th e result was a drop in th e so lids
quanti ty tha t accumu lated on th e sc reen. compared to the ove rs ize fraction resu lting from
th e ink which ha d on ly been mixed in th e d isperser.
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