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ABSTRACT

The supply of pre-formed materials (granules, flakes, ctc.) for porcelain tile mannjacturc call
produce logislical pro/J/e111s relalillg 10 lPear or abrasioll during' transport, as well as i111porll/lll
»ariations ill moisture CalltenI, especially tohcn deli1'ery is O1'er 10llg distances.

This sludy addressed thefeasibi lily of usillg binders thut alloto producing pre-formed mate­
rials f r0111 1I01l-ciayey compositions[rcc of moisture. 1,1a firsl slage, binders of different [amities
were tested, 10 sul'sequelllly sludy the influence of certain polyvillyl alcohol cliaractcristics, such
as molecular weighl and degree of substitution. 011 grallule properties and bchtnnnur.

It is shoum that the use of this Iype of binder allows producing spray-drit'd powder, grallult's
and flakes, toiihout clay or moisture, witll good pressillg behaviour and sufficivnt wear resistance
to permit 1llIIldlillg. This [acitimtes 1I11lrketilig tltesc materials tuithout problems associated toith
challges of moisture con tent and gt'lleralioll of dust .

Problnn» rela lillg 10 binder combustion 11I1l't' 1I011'eell observed, t'!wl,lillg use of these mate­
rials " il l mass". The advalliages of this decora ting technique are greater si111plicily ill pressillg, all
not needing special facilities, alld higll press productioiu;

The binding properties ihat PVA contributes opell up possibilitie« for lIsillg materials uiith
1'ay different chnrncteristu: 10 current OIles, 10 lmiadcn tilt' rallge of aes thetic effect» ill porcelain
tile, such as glassy materials alld glass-cera111ics, metals, metal alloys, colouring metal oxides, etc.
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1. I T Ra DUCTION

The appearance of po rcelain tile in the 70s mean t the incorporation of a new ceramic
product into the ran ge of existing ceram ic tiles. The high technical performan ce of the
product (h igh mechanical streng th and frost resis tance, resistan ce to chemica l agents and
ab ras ion, etc.) has allowed extend ing ceramic tile applications, ope ning up market areas
where other materi als we re traditionally used (urban furni shing, high traffic a reas ,
ind ust ria l floor ing, facad e clad d ing, etc.) 11\.

Porcelain tile, a p roduct in itially cha racter ised by its excellen t technica l p ropert ies,
has in recent yea rs acquired high aesthe tic qu aliti es than ks to the development of new
materi als: granu les, so luble colorants, fl akes, micronised materi als, e tc., as well as the
implementation o f di fferen t decorating tech niques: screen printing, double charges, in­
p ress powder decoration, masks, e tc.

The progressive incorporation of pre-formed powder materi als, granu les and fl akes,
to produce certain aesthetic effects, suc h as tran sparency, metalli c reflections, intense
colours, etc., has led to the creation of departments or specific sections in the frit, g laze
and ceram ic pigment manu factu ring companies, dedica ted to the production and su pp ly
of these materials to porcelain tile manufacturers.

The su pply of pre-formed ma terials can generate certain logist ical problems relating
to wear or abrasion d uring transport, as well as to important variations in mo isture
content, es pecially wh en these materials travel large di stances. In the firs t case, an
important quantity of dust is prod uced that need s to be eliminated to avo id unwanted
e ffects in the pieces, while in the second case, materia l properties can be a ltered, which
co ns ide rably influences beh avi our during tile pressing (low deformability, poor
integrat ion in the piece, etc.) PI.

A so lu tion to these p roblems is havin g pre-form ed moisture-free mat eri al, with high
wea r resistan ce an d ap prop ria te beh aviour in tile p ressing.

Altho ug h the use of clayey compositions wit hout any moi sture allows producing
wear resistant granules, it lead s to inadequa te beh aviour during pressing. This is because
moisture content acts as a plasticiser for the clay, favouring deformation and plast ic flow
during pressing. It therefore does not ap pea r ve ry app ropriate to use moi sture-free clayey
compositions to produce these materia ls.

The elimina tion of clay in these compositions, wh ose main func tion is that of a
binder, necessari ly imp lies the add ition of certa in additives that tak e over thi s fun ction .
Otherwise there will be diffi culti es in forming compacts (granu les and flakes) from these
co mpositions, with su fficien t mechanical strength and wea r resi stance to ena ble
appropriate transpor t and handling.

In this work the feasibil ity wa s studied of using altern ative bind ers to the clay-wa ter
sys tem, tradi tionally used in ceramic tile ma nufacture, w hich allow prod ucing pre­
formed materials with ad equa te wear resistance (generating hard ly any d ust), as well as
appropriate behav iour in the different porcelain tile production process stages (pressing,
burnou t, e tc.).
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2. EXPERIMENTAL

2.1 MATERIALS

To carry out the study a composition was used, consisting of a mi xture of sod ium
feldspa r, quartz and talc, whose charac teristic are detailed in Table I . These raw materia ls
are commonly used in ceramic tile manufacture 131. Different types of binders and
plasti cisers were also used , which will be described in the cou rse of the paper.

SiO, AI,O , Fc,O , CaO ~lgO NuzO K,O ppc S~"'P d",
(%) (%) (%) (%) (%) (%) (%) (%) (m'/g) (JIm)

80.9 9.07 O.<!9 0.64 3.12 5.00 0.20 0.90 0.55 9.5

Snp : Speclflc surface; d~, : .\ tt'3 1l vulunn..· diamet er

Table 1, Chamcurietics of the contpositiun l/sed.

2.2 EXPERIMENTAL PRO EDURE

The work cons isted of producing pre-formed materi als using the compositio n
indicat ed in Tabl e 1 together with the differen t binders involved in the study. Granu la tion
was chosen ou t of the differen t existing method s for pre-forming the composition, for
which a Loedige labora tory granu lator was used 1'1.

The procedure used for granu la tion cons isted o f sp ray ing the binder to be stud ied ,
af ter di ssolvin g it in water, on the ceram ic compos ition bein g stirred inside the
g ranu lator. The requ ired binder conce ntration was calcu la ted beforeh and for the targeted
aqueo us solut ion, so th at the preset binder con ten t was obtai ned on granu la ting the
composition.

These g ranu les we re then dried in an oven at ll OOC, so th at dryin g would occur in
the most uniform possible way. Finally a size fraction was obtained in the ran ge 1-5 mrn
by dry sieving, which was used for the cha racterisa tion test s.

The tests carried out to evaluate the su itability of a given binder were as follows:

- Wear resist an ce.

- Com paction diagram . Yield pressure and ma xim um bulk den sity

- Axial expans ion.

- Visual evaluat ion of gra nule defo rmability.

Th e procedures used for cond uc ting the test s men tioned are b riefly d escribed
below.

Wear resistance
The wear resist ance of the g ranules wa s evalua ted determining the dust ge ne ra tion

th at takes place wh en these are stirred, to simu late the transport and handling processes.

P. GI - 41\1
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In this wny the effectiveness of the binder was eva luated in producing gra nules with
appropriate streng th to allow handling.

For this pu rpose a certa in quantity of gra nules was int rod uced in a milling jar, and
placed in a plan etary mill for 60 seconds . The gra nules were then d ry sieved a t 200 11 m
mesh . The undersize, expressed as a percentage, represents the dust prod uced, wh ich is
inve rsely proportional to the wea r resistance of the gran ules .

COli/pactio II diagram
The compaction d iagram provides informa tion on the beha viour of the granules

duri ng pressing. It cons ists of determining the evolution of bu lk density with pressu re in
a given pressing cycle. Accord ing to di fferent stud ies 15"" 1, the decrease in porosity an d
pore size during the compac tion process takes place by the following th ree mechani sms:

I. Reo rdering of the granules to improve packing density.

II. Red uction of the intergranula r void volum e by plastic deformation and / or
granule break up.

Ill. Decrease of intragra nu lar porosity (the porosity of the grnnule) by par ticle
slippage and reordering, producing a more den sely packed arrangement.

Figure 1 shows an idealised g ran ulated powd er comp action d iag ram . The first slope
change occurs at a pressure known as yield pressure (P,), which is a measure of grnnulc
mecha nical strength, because afte r th is, granule break up / or deformat ion (mecha nism II)
commences .

J/t!chall i.\nl III

=- .\fechullism 1/

Pr
Pressure lo~a r i l h lll

Figu re 1. COli/pactio" diagram of 11 gYal1 l1[a ft'd powder.
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To determine these diagrams test specimens were formed by uniaxial pressing in a
universal testing ma chine using a stainless steel die of 4 Col d iameter, wi th a constant
di spl acement speed of 5 rnnr /min, until reaching a maximum pressure of 400 kg / COl'.
This machine allows registering pairs of applied load -frame position values, which en abl e
calcu la ting the pressure app lied at each moment and specimen bulk density.

To avoid the influen ce of non-uniform di e fillin g in the com paction diagrams, afte r
int roducing the granules, the system is tapped so that the granu les ad op t the d ensest
poss ib le pa cking and, therefore, high reproducibility. The tests were ca rried out at least
th ree times with a view to obtaining more accurate results.

Axiall'xpallsioll
Axial expa ns ion or increase of specimen thi ckness aft er concl ud ing the compression

stage is a measure of the material ' s ela stic reaction 1'1.

Axial ex pansion is calcu lated from the follow ing equation:

EP = ed - e, . /00
e,.

where: EI': axial expans ion (i f,)

e
d

: specimen th ickness afte r springback

e,: spec imen thickness at 400 kg / Col'

Es/isunl cualuation of granule dl'forlllal>ility

The degree of granule int egration in the sp ray-d ried powder matrix, depends
fundamentall y on the deformation that the gra nu les undergo during pressing. To assess
thi s aspect. the su rface was obse rved of test speci me ns formed at 400 kg / COl' wi th a
stereoscopic microscope filled with a camera. This enabled observing the presence of
cracks and heterogeneiti es, such as g ranu le boundari es, which indicat e the degree of
deformation th at the granu les underwent.

3. SELECfION OF THE BINDER FAMILY

In the lite ra tu re su rveyed numerous ma teri als are mentioned th at ha ve a bonding
effect, wh ich a re classifi ed in terms of their co lloid al or molecula r nature, as well as of
their organic or inorganic cha rac te r 1'1.

In th is firs t part of the work organic binders of a mol ecu lar type were used, which
have been added in a percentage of 1.0'}!" with the exception of Xantha ne Gu m, w hose
p roportion , owi ng to the high viscosi ty that it contrib u tes to the aqueous solution, wa s
red uced to 0.1'}!,. Table 2 p resen ts the bin ders used in this stage of the work, together with
the ir technical cha racteris tics.

1'. (; 1• -111
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Polysaccharides Acrylic resins
Polymerised Ce llulose

Natural gumsFamil y alcohols ethers

Ammonium
Polyvinyl alcoho l

Carboxymethyl Xanthanc
Type -- nolvacrvl ate cellulose Gum

Molecular
Medium Medium Medium Low 2* 10"

weight
Deg ree o f .. _. RR ' O.R --

substitution
Reference PS ACR PYA CMC GX

'!ilNt' 2. Characteristic oftilt' binders IlSl'd.

O ne of the most im portant characte ris tics that granules shou ld p resent is h igh wea r
resistan ce, to avoid ge ne ra ting dust as far as possibl e during transp ort and handl ing prior
to tile pressing . Thi s ensu res appropriate flowability of the g ranu late 1101 and the absence
of aes thetic d efects in the pieces, suc h as the so-called "bands". Sim ilarly, it is also
important for the gra nules to beh ave suitab ly in p ressi ng, i.e., to exh ibit a pprop riate
d eforrnabilit y a t working p ressu res. Unfortu na tely on numerous occasions, both
properties are opposites, due to their dependence on g ranule mech anical properties, so
that a balance is required.

The resu lts obta ined in granule characteri sa tion are detai led in Table 3. The tabl e
shows the results found with a sp ray-d ried powder usually employ ed to ma nufa cture
porcela in tile (PA).

The table shows that ['VA and CMC are the binders that provide the g ra nu les with
the g rea tes t wear resistance, followed by ACR and PS. Fina lly there are the g ranu les mad e
with ex, in wh ich dust ge nera tion is very high , probabl y due to the low added qu ant ity
(0.1%). If these values are compared with those correspond ing to the spray-d ried powder
(PA), it is observe d that all the tested binders provide notabl y lower wear res ista nce, as a
resu lt of the exce llent bonding properti es that clayey minerals contr ibu te to the ce ramic
compositions. Th is fact indicates that the binder p roportion to be used sho u ld exceed 1%,
to reduce the qu an tity of arising dust.

Reference AC R PYA PS C\ IC GX PA

~ 1(JisIUrl' co nte nt (°/0) <0.3 <0.3 <0.3 <0.3 <0.3 5.0

Co mpac tness (~/cmJ) 1.76 1.76 I.RO 1.77 1.74 I.R9

Yield pressu re (kwcm z) 0.6 3.5 1.5 6.0 0.5 3.0

Oust genera ted (0/0) 58 19 54 30 100 1.5

Ttlbil-3. Characteristics (~f fir/' gnU/tdes made.

The observed tenden cy agrees, in general lines, with the yield p ressu re va lues
calcu lated from the compaction diagrams. Th us, the binders tha t increase gran ule wear
resistance also provide h igh er yield pressure values, because, as a lready mention ed, both
cha rac teristics are related to granu le mechanical properties.

I ~ GI· -122
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Finally, thou gh the compactness of all the test specimens a t high pressures (400
kg /cm') is similar, the use of strong binders such as I'VA and CMC can impede total
defo rma tion of the granules . This would lead to producing pieces with la rge-size defects
(pores and cracks) owi ng to the poor integration of the granules in the spray-d ried
powder ma tr ix. In fact the ima ges in Figure 2 show that the pieces made of g ranules with
high yield pressure (I'VA and CMC) exhibit very defined granule border s and la rge-size
pores whose triangular form ind icates that they come from the union of th ree granules
(interg ranular po res) . In contras t, the su rface of the other pieces (1'5, ACR and e X)
presents no heterogeneities, indicating that the g ranules have been com pletely defo rmed.
This confirms the relationsh ip between yield pressu re and granule degree of deformation,
and shows the problem associated with the use of poorly deformable granules.

PVA

PS

GX

ACR

CMC

I 1 Iem

f i.'l:urc 2. SurjelC('appt'ara1lCt' (If tilt' pit'Ct~ made with srmwlalt' l'roduccd witf. di/fal·"t lJi/llkr:>.

Based on these results, polyvinyl alcohol was chosen as the most a ppropriate binder
fami ly to continue the study. The acrylic resins and polysaccha rides were di scarded
owing to the poor bonding power of the addit ives used in the test proportions, alt hough
binders of these families may exist with better properties . Xanthane gum was also
discarded because of the difficu lty of obtaining low viscosity aqueous solutions. Fina lly,
the reason s for not selecting carboxyme thy lcellu lose were its high er combustio n
temperatu re and the smaller wear resistan ce that it contributes to the granules compared
wit h I'VA, despi te providing the largest yield pressure.

I'. GI- 423
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4. IN foL UE CE O F I' VA CHA RACTERISTI CS

Polyvinyl alcohol properties mai n ly depend on their deg ree of polyrneri sati on (01'),
wh ich is directly rela ted to their molecula r weight and deg ree of hyd rolysis (OH) . In
terms of degree of polyrn eri sa tion, the classificat ion is based on the viscosity that 4% PVA
aqueous so lu tio ns p rovide a t 20 °C. The main groups are the low viscosity one, w ith
va lues around 5 e1', the medium viscosity group between 20 and 30 e1~ and the high
viscosity group between 40 and 60 cP. Th ese three grou ps correspond to deg rees of
polymerisati on of 500, approxima tely 1700 and 3500. As regards the degree of hydrolysis,
two ma in groups ex ist, tha t of fu lly hyd rolysed PVA (O H>98%) and that of partly
hyd rolysed PVA (OH=87-89%) 1111.

To st udy the in fluen ce of the characte ristics of polyvinyl alcohol on the propert ies of
the granules, 6 types of PVA were chosen with d ifferent degrees of hydrolysis and
polyrncri sati on. Table 4 se ts ou t the cha racte rist ics of the tested PVA, together wi th the
properties they con tribu te to the gra nu les. In th is part, the ad ded PVA percen tage was 2%,
with a view to reducing the tenden cy to genera te dust to lev els s imila r to th ose of sp ray­
dri ed powder.

H, f..' ferencl' B-88 M-88 A-88 tl-98 ~ 1 -98 A-98

Degree of polym ert satlon 630 1400 4200 600 1400 4300

Degr ee of hydrolysis 88 88 88 98 98 98

'Iuistu re con ten t (0/0) <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

Compactness (glenr') 1.69 1.66 1.64 1.69 1.67 1.62

Yield pressure (kg/em 2) 4.0 5.0 10 5.5 6.5 12

Dust gene rated (%) 5.9 4.8 5.0 4.4 4.1 3.2

TaNe 4. Characteristics of tlrt'P\'l\ Il~'d alld resulting granu/t·s.

In the firs t p lace, it can be observe d that the increase in binder proportion M-88
(used in the p revious section) co nsiderably raises g ra nule wear resi stance, going from
d ust ge nera tion values of 19% to 4.8% on using 1% and 2% PVA respective ly.

The g ra nu le abrasion resist an ce found wi th a ll the tested PVA, tho ugh less than that
of the sp ray -d ried powder, is co ns idered appropria te, si nce th is materi a l is subjected to
less in tense hand ling. The tab le shows a sligh t increase in abrasion resis tance as the
degree of po lymerisation and hyd rolysis o f the PVA used rises.

Figure 3 plo ts y ield pressure ve rsus PVA degree of polyrn crisa tio n, It ca n be
observed tha t the values plotted are g rouped as a fun ction of the deg ree of hyd rolysis of
the PVA used , the fu lly hyd rolysed PVA producin g g ranules w ith a hi gh er yield p ressu re.
Moreover, a t both degrees of hyd rolysis, g ranules with a high er yield p ressure a re
prod uced as the degree of polyrn erisati on increases, thi s effect being more p ron ounced
tha n tha t of the d egree of hyd rolysis.
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CA STELLO:-J (SI'A1:-J)

14 1.75
l 0'•

o lkg;r : of h) drolrsys: 'SHO/ , '\ 1.73
12

6. Dcg C ofhvdrotbvs! 9~o/c 1.71

~
I, • ;:;-

10 A> I 1.69 E
C> ' . " <r- •.A 1 67 .!!
6 ~

"
. 6-'" ' . " c.'~ -.~ 1.65:> 8 . ~

'- ,......~ , ~'- "~ • " "' " 0 , 163 -e
c, I " -il' ,J ~

-a 6-;:; 0 ). 1.61
>= ( - •

1.59
4

I 1.57,
,.'

2 1.55

0 1000 2000 3000 4000 5000

Degree of polymerisat ion

Figure3. Evolution {~ly;t'1d pn':':-; lIre(-) IlIllI bulkdell:::.ity
(--------) ill terms tif r VA characteristics.

At the bottom of the figure, the variat ion in the appearance of the tiles pressed with
granu les of different yield pressure can be obse rved . Only those of the partly hyd rolysed
PVA se ries are depicted . They show that as the degree of po lymeri sati on increases, and
wit h it g ranule yield pressure, their contours become clearer, indicating that sca rce
deformation has occurred du ring pressing.

Both cha rac teris tics (wea r resistance and yield pressure ) are related to the
mechan ical properties that PVA contributes to the granules, so tha t the observed
tendencies will be related to the variation of PVA mechan ical properties wh en the degree
of hyd rolysis and polym erisat ion alt er.

The bondi ng properties of PVA are du e to the high capacity of these pol ymer chains
to link up as a resul t of hyd rogen bridge formation. Figure -la schematically illu st rat es the
struc tu re of a fully hyd rolysed PVA, representing thei r carbon skeleton as a broken line,
with the hyd roxyl g roups (OH) linked to alterna te ca rbo ns. Wh en two cha ins ge t close
enough, they can a lign in such a way that the hyd rogen in one of the hydroxy l g roups can
interact wit h the oxygen of the hydroxyl group belonging to the adjacent chai n. Altho ug h
the streng th of this bond is rela tively weak compared to th at of a covalent bond, the
nu merous hyd rogen bridges tha t form in the cha ins yield a strong bo nd '''''1.

II II
..... 0 ..... 0 ..... 0 ..... 0 / 0 / 0 / 0 / 0

H. H. H. H. H r C-, H. H
' 0 ' 0 ' 0 ' 0 O. CH3

' H ' H ' H ' H
H" H,

o~ / CH3
H" C,

0 0 o 0

fiX"rt' 4. Schematic rvpresentution of 1) 0\: a ) f /l lly Iiydm/yscd PVA and b) "artly 11ydroly~wd PYA.
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On the other hand, PVA has a great affinity for ad hering to particles with oxygen in
their basal planes, such as clay, quartz, talc and feldspar particles . In this type of materia ls,
the hydrogen s of the PVAhydroxyl groups form hydrogen bridges with the oxygen atoms
present in the 5iO, tetrahedron layers, caus ing the PVA molecules to be strong ly adsor bed
on the particle surfaces. 1"1

The films obtained with fully hydrolysed PVA arc known to provide better
mechan ical properties than those produced with partly hydrolysed PVA1151. This is due to
the presen ce of acety l groups (COO-C H,) in the partly hydrolysed PVA acting as
"spacers", preventing the PVA cha ins from excessively approaching each othe r and
orienting them selves appropriately (Figure -lb). Although hydrogen bridging continues
between adjacent chains, the greater bond length reduces bond strength, and wi th fewer
links, lead s to poorer mechanical properties. On the other hand, the mechanical streng th
of PVA films increases with the degree of polymerisation, due to the larger number of C­
C links, with high bond streng th, as cha in length increases. [" I

Figure 3 plots the bulk density values of the test spec imens pressed at 400 kg / em ",
It shows tha t as the PVA degree of polymerisa tion increases, less compact tes t specime ns
are produced. This fact is related to the mecha nica l pro perties of the granules whose
influe nce on behaviou r during pressing can be clearly noted in the compaction diagram s
shown in Figure 5.

/,8

- 8-118

- .\/-118
/,6 - A-88

- 8-98

= - .\/-98
'"Oi U - A- 98
~..;;;

e
'"... /,1
='"

/,0

Figu re 5. Compaction diagrams oj grmlf/Il's with differellt PVA.

In these d iagrams two clearly d ifferentiated areas a re observe d, cor respo nd ing to
the first two steps of the compaction process.
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The first step takes place at very low pressures (less tha n 10 kg l cm-), with slight
granu le rearrangement, which leads to a very minor rise in compactness, onl y sligh tly
above d ie filling den sity. The second step begins when granules begin to deform at the
contact points, after exceed ing yield pressure. The progressive deforma tion of the
granules on increasin g pressin g pressure red uces porosity and intergranular pore size in
the piece, which leads to an appreciab le rise in compactness. At high er pressures, the th ird
compac tion step takes place, in wh ich the la rge pores between the granules as well as their
con tours have already di sappeared . In this step the compaction process is d ue to particl e
rearran gem ent formi ng denser pa ckings . The th ird step is characterised by a drop in the
compaction di agr am slope, an aspect not observed in thi s work at the tested pressures
(below 400 kg l cm') .

As mentioned, when the PVA degree of polymerisat ion and hydrolysi s increases,
the resulting granules possess better mec hanical proper ties, making them more resistant
to defo rmation . Thi s implies that the second compaction step begins at higher pressures,
which delays the densification process and provides the pieces with lower compactne ss
values. This effect is clearly observed in Fig ure 5, in which the diagrams shown can be
classified in three groups . The firs t corresponds to PVA 13-88, w ith the low est yield
pressure, the second to PVA M-88, 13-98 and M-98, with intermed iate values, and the
third group to PVA A-88 and A-98 w ith the gr ea test yield pressure. Thu s, as g ranu le
yield pressure increa ses, the second stretch of the d iagram is obser ved to progressiv ely
shift toward the high pressure a rea, which leads to the production of more porous
pieces.

The use of 2% PVA reduces dust gene ration in all the cases to appropriate values, so
that the selection of the most su itab le PVA for granulation will depend on other factors,
such as pressin g behaviour, ease of binder handling and combustion temperature. It has
been demonst rated that PVA of low molecu lar we ight provide the best behaviou r d uring
pressing (lower yield pressure and greater compactness) . These PVA are more soluble,
producing solu tions with lower viscosity, whi le also decomposing at lower temperatures.
In contrast, the PVA with a high degree of polyrncr isation harden the granules excessively,
hind ering their in tegr ation with the matr ix, while they decompose at higher temperatures
and need to be di ssolved with heat [lI,161. For these reasons, PVA 8-88 was selected to
continue the wo rk, d ue to the lower yield pressure tha t it provides the granules with,
compared with 8-98.

5. IN FLUENCE OF PVA CO NTENT

In th is sec tion the effect o f PVA 13-88 content on granule proper ties was studied . For
this, granules were prepared with PVA contents between 0 and 4%, which we re used in
the d ifferent characterisation tests.

Figure 6 plots the variation of dust generation on modifying PVA content. The first
binder add itions, up to 2%, notably increase granule wear resistance, whi le higher
contents only produce a slight improvem en t of thi s chara cteristic. This indica tes that the
PVA content to be used should in no case be less than 2.0%, otherwise d ust generation can
be very high .

P. GI· n.7
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The compaction dia g rams of the d ifferent granulates are shown in Figure 7. There is
a not iceable difference between the press ing behaviour of the granules wi thout and tho se
wit h the binder. In fact, the dia gram corresponding to the granules without binder
exhibits a fast rise in compactness at low pressures, as a result of the weak mechani cal
properties of the g ranules (yield pressure is very low, practically zero). However, the
granules with PVA exhibit a certa in resistance to deformati on , which delays
commenceme nt of the second step of the compaction process. This effect becomes more
pronounced as binder proportion increases, leading to the production of pieces with
lower dry bulk density values across the whole ran ge of tested pressures.

Figure 8 depicts the evo lution of granule yield pressure wit h the PVA cont ent. The
de pen de nce of gra nule yield pressure (I' ,) on the characteristics of the binde r and of the
granule can be described according to the followi ng equa tion [171:

Where:

p: granule porosity

V . binder volumeL •

V. : solid volume,
F,: binder mechanical strength in the fracture plane

K : constant

P. GI . ·I:!S
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On raising the PVA proportion in the granules, binder mecha nical strength (FL) as
well as granule porosity can be assumed no t to vary significantly, In contrast, the rela tion
VJ V, increases linearly with binder proportion . Ind eed, Figure 8 shows that the variation
of yield pressure with binder con tent fits a straigh t line, which va lida tes the previous
equa tion and explains the increase in yie ld pressure tha t occurs w ith PVA con ten t.

P. CI · 429
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To es tablish the ty pe of rela tion th at exists bet ween granu le mechan ica l streng th and
specime n compactness, Figure 9 plo ts specimen bul k den si ty versus granule yield
pressure found with d ifferent percent ages of I'VA. It is obse rved th at as yield pressure
increases, bulk density d ecreases, the relati on being of a linear type in the range of s tud ied
va lues. The figure also shows the axial expa ns ion of the p ieces, and it can be observed tha t
this decreases progressively with rising yield pressu re. It ind ica tes that on raising the
bind er p roporti on, the elastic resp onse of the pieces decreases, as a resul t o f grea ter
granule rigidi ty. Indeed, the presen ce of binders such as ['VA enhances the mechan ical
p roperti es of the pieces, includi ng You ng's mo d ul us. Th is effect prod uces a smalle r elas tic
deforma tion of the granu les during p ressing, causing a red uced elas tic response after the
comp ress ion stage .
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Figure 9. variation of bulk Iti'1lsity ami axia! t','p(l 1l5 ioJlll~ a[unction of yield pn?S5f1rc.

Fina lly, w ith a view to visuali sing the degree of granule deformati on , Figure 10
shows the surfaces of the test spe cimens p ressed w ith di fferen t PVA percentages. The
relati on between yield pressu re and gra nulate dcforrnabi lity is aga in ev id ent, since as the
proportion of ['VA increases the degree of granu les deformati on d ecreases noticeably.

To su m u p this sectio n, it can be stated that the [' VA content sho uld not be below
2.0% because of the high dust gene ration that wou ld take place d uring granu le tran spor t
and handl ing. On the other hand, on raising the ['VA content of the g ranu les, they beh ave
less ap propria tely during the pressing stage, w hich ob liges es tablishing a comprom ise
be twee n both proper ties. The resul ts obt ained in this work indicate tha t the ['VA conten t
wh ich balan ces bo th p ropert ies is locat ed around 2.0-2.5%.
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6.CONCLUSIONS

The following conclusions can be d rawn from the study:

- The produc tion of pre-formed powder materi als witho ut clay necessari ly requ ires
using ano ther type of bind er to prod uce granules or flakes with appropria te
mechanical properties. These granules sho uld exhibit sufficien t deformabili ty
d uring pressing to be in tegra ted in the piece without genera ting an excessive
quan tity of dust during handling.

- Of the different bind ers stud ied in this work, only the famili es of polym erised
alcohols and cellu lose es ters provide d bonding properties. This does not imply
tha t bind ers may not exist in other families, different from those tes ted, with
su itable properties.

. The yie ld pressure calculated from the compac tion d iagrams is a pa rameter tha t
appropria tely qu antifies granule mechanical strength and, therefore, granule
deformability during pressing.

- It has been shown that the mechan ical properties o f the granules made with PVA
imp rove as the degree of polymerisation and hyd rolysis rises. This is d ue to the
type and qua ntity of the links that form between the PVA chains.

- The problem associated with the use of granules havin g excessive mechanical
strength has been demo nstra ted . Althou gh these granules ha ve high wear
resistance, their deformability during press ing is poor, which hinders integration
in the piece and genera tes large-size cracks . It is therefore necessary to find a
compromise between both properties.

P.GI-Hl
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- The ['VA that most appropria tely balan ce the granule characteristics are the partly
hyd rolysed ones of low molecular weight. This type of PVA provides appropria te
wear resistance and sufficient deformability in pressing. They are also simpler to
d issolve, producing less viscous suspensions and decompose fully at lower
temperatures compared to fully hydrolysed ['VA of high mo lecula r weight.

- It has been shown that the proportion of ['VA B-88 to be used is located around 2%.
Smaller quantities notably reduce wear resistance, while higher contents
excessively harden the granules hindering their behaviour d uring pressing.

7. INDUSTRIAL APPLICATION

The industrial appl icat ions from the study are as follows:

- The use of this type of bind ers enables producing spray-dried powder, granu les
and flakes free of moisture, wi th good pressing be haviour an d suff icient wear
resistance to allow han dling. Th is facil itates marketi ng these mntcrials wi tho ut the
p roblems associated with changes in moisture content and dust ge neration.

- The sma ll binder add itions together with the decrease in comb us tion temperature,
facilita te the tile ou tgass ing stage du ring prehea ting. ena bling use of these
mater ials " in mass" , The adva ntages of this decorati ng techniqu e are the g reater
sim plicity during pressing, on e liminati ng the need for specia l facilities, and hig h
press p rod uc tivity.

- The bondi ng prope rties that ['VA cont ribu tes open u p the poss ibility of usi ng
materials w ith very differen t characteristics to curren t ones, to enable broadeni ng
the range of aesthetic effects in porcelain tile. Some of the materials that have bee n
tes ted , together wi th their resulting effects follow :

- glassy a nd glass-ceramic materials: transparency (depth), intense colorations,
high whiteness.

- metals and alloys: metallic reflections of different types
- colouring metallic oxides: intense colorations and natural effects

I '.(,I - n~
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