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ABSTRACT

III tltis stlldy aimed at ill/proui'lg liquid phnse dcrclopmcn! at Im('CI' tcnnwrauirc«, the [ifects
all the ri triiiouion bchmnour of a typical porcelain tile II/ass, uihv» the PllxillX agelll IFcldspar)
'l1't7:; suhstituted ill rclath1cly large proportions (1,3,5 ( {1 t~/~) ) hy illorg17llic borate sou rei'S sIII:h as
Bam.\" INa,B.a,.lUff,!, ffl /dro/J omcitc ICaa. ,'v1 ~a.3 B ,a,, 6H ,a) and llle xitc 11\'a,
2Caa.5B ,a ) 6'/{a) , H'-CI'e i 1I1'cstixated cOlI/pa1'171 ircl».'The /'llmle cltoices H'CI'e made callsiderill ,~
the cOII/ l>flledP llx'illg elfect or alkali I1Il1t alkali lie cnrth oxides togeiller u-!111 the x /as> [ormcr B,a r

The ainount« il11'oh'ed l('ere chosen 50 as to higltlight the ttfeets of the addition. It wa, [ainu ! ihat
tile inclusion of bom t,» illdeed clleollraged liqllid phlN ' dcrrlopmcnt at lower tennwraturc-: ioith
IOH'CI' fi rillg shrillkage, especially Hudrobomcitc. HOiI'Cl'CI', ill all the borau: contninins;
composition» , closed porosity increased cO llsidcrahly.
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INTRODUCTION

Porcelain tile bodies are ve ry im portant floor tile prod uc ts, charac te rized by
virtua lly no wa te r absorp tion high streng th and abrasion resis tance!'>'. Among the raw
materi als mi xture, the fluxing compounds such as fe ldspar and its combina tion with ta lc
play a decisiv e role in the high level of mass vitrifica tion . However, the g lassy phase
developed during the fast fir ing of typical composi tions has a high thermal expansio n
coe fficient, narro w firing range and most of the tim e under the com mo nly used firing
temperatures does not become fluid enough to rearrange the mi crost ru cture, unless the
temperature reaches the range from 1250 to 1300'C, which can affect shape stability and
dimensional control, w hile moreover trapped porosity degrades the qu ality of the
fin ish ed product.

Cons ide ring the stro ng flu xin g action of boron-containing compou nds, besides their
excellen t ability to form glass of good characte ristics, in thi s work the effect of add ing
boron so urces such as Borax (Na,B,O,. lOHP), Hydrob or acite (CaO .Mg0.3B,0 1'6H,O) and
Ulexite (Na,O.Ca0.5Bp,.16HP) on the vitrification behaviour of a typica l single fast
fired , white- firing po rcelain tile composition was stu d ied . The in vesti gati on w as
cond uc ted by substitu ting 1, 3 and 5 w t% feldspar by ident ical a mo unts of the inorganic
bor ate materials. Th e amo unts were chosen in or der to highligh t more extensivel y the
resulting effects, v is-a-vis to the work of Moreno!" w ho used very small borate ad d itions
(u nder 1 w t%).

Mate ria ls and Methods

The com pos itions s tud ied are presented in Tab le I.

Raw Material Compositions
ST D HI H3 H5 BI B3 B5 UI U3 U5

Ball Clay 30 30 30 30 30 30 30 30 31J 31J
Kaolin 15 15 15 15 15 15 15 15 15 15
Quartz 7 7 7 7 7 7 7 7 7 7
Talc 3 3 3 3 3 3 3 3 3 3
(K.Na)Feldspar 45 44 42 40 44 42 40 44 42 40
Hvdroboracitc - 1 3 5 - - - - - -

Borax - - - - I 3 5 - - -

Ulexite - - - - - - - 1 3 5

Table 1 - COII/positiol/:' 5tlldied and their rt'f~·rCll(t's .

Mass Prepara tion: The raw ma teria ls were wet ball milled in order to ach ieve 98
wt'Yr, throughpu t in a ;325 mesh scree n. Afte r milli ng the mass was dried and gra nulated
with 6 \vtj~ water,

Specimen Preparation: The granula ted mass wa s p ressed into cy lind rica l pellet s
with <jl = 2.5 ern, th ickness 0.5 ern under adequa te pressu re to p rod uce 2.00g / em 3 gree n
densi ty followed by drying at 1l 0'C.

Fir ing Procedure: Fast sing le firing in laborator y elect rical fu rnace. Heating ra te of
30°C / minu te. Soaking tim e of 5 minutes. Cooling rat e 30'C / minute.

Pro perties Evaluated: Water absorp tion (WA), Linear firing shrinkage (LS), Closed
porosity (CP).

I'll" - 1:W
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RESULT S

In the vitrifica tion d iagram s sh own in Figu res 1 to 3, the evolution of shrinkage and
wa ter absorp tion makes it clear th at the addi tion of berates enhances sintering (highe r
sh rinkag e and lower w ater absorption) a t lower temperatures, compared with the
sta ndard composition, es pecia lly for temperatu res below 1200'C.

Vitrification Curves for Borax Compositions (B)
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Vitrification Curves for Hydroboracite Compositions (H)
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Vitrification Curves for Ulexite Compositions (U)
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Fig llre 3 - Vitrl}lcatio l1 DiagrllJ1l ~ t~fUtrxitv Ccm taillillg COlllpl)siti(lIl ~.

However, the borate-containing masses (ap pa rently d ue to the am ounts used )
di sp lay ready bloating behaviour, revealed by the high closed po rositv, which indicates
the di fficulty of outgass ing an d /or a greater release of volati les th an the st anda rd
composition. It is well kn own that most inorgani c berates d isplay high va po ur p ressure
at high temperat ures For comparison, th rou gh Figure 4, w hen one initia lly only cons iders
the water absorp tion val ues, it can be observed that th is last property can be misleading
for the p roper eva luation of the fired cha racteris tics, wi tho u t taking into accou nt the
closed porosity va lues. Low levels of closed porosity are essen tial in porcelain tile bod ies
and have to be ke pt below 5%. Th is was only attained by the com posi tion with no borate
addition.
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Add itiona l experiments belonging to the con tinua tion of the present invest igat ion,
not reported here th is time, showed th at heating rat e and dwell time p lay an im portan t
role on the closed porosity development.

CO 'C LUS IO ' S

In spite of the increased vitrifica tion ra te w ith a lower level of shrinkage, the use of
ino rgan ic be ra tes in po rcelain tile masses apparent ly d oes not y ield good ph ysi ca l
properties when us ed in relat ivel y la rge amounts (>1 wt' ;.). Th is is d ue to the resul ting
high closed po rosity, wh ich is mainly detrimental to s tai n resist an ce and overall durability
of th is class of p roducts.
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