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1. INTRODUCTION

Glycols are the major components of the vehicles used in screen printing decoration!".
Thei r use involves one of the main contributions in organic matter to the ceramic tile
manufacturing process, which causes tech nical problem s (increased black co re) and
environme ntal p roblems (higher COD and BOD in recycled water and a rise in vo latile
organ ic compounds, VOCs, in kiln gas emissions ).

With a view to reducing these problems, the present s tudy w as undertak en with tw o
objectives . Firs t, to d evelop screen printing vehicles in which water wa s the major liqu id
compone n t (qua nt ity equal to or exceed ing 50% by we ight ). Secondly, to prepare screen
p rint ing inks w ith these ve h icles, w hich co u ld be applied in the ce ram ic til e
ma nufa ctu ring process.

2. EXPERIMENTA L

Vehicle preparat ion was ca rried ou t using industrial ra w mat eri a ls su ch as
polyglycols with a low and high mol ecu lar w eight, g lyce rine, cellulose ethers and w ater.
The following determinations were performed to cha rac terise the veh icles : su rface tension
(d rop tensiometer), suction rate (suction constant) found us ing a stand ard fired body, flow
curve (ro ta tiona l viscometer ) and eva pora tion ra te. The evaporation rate wa s assesse d by
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subjecting a vehicle sa mple for a certa in tim e (2ot hours) to ambient condi tions of 50"C and
50% rela tive humidity in a climatic cha mber.

3. RESULTS

3.1 SELECfION OF VEH ICLE COMPO:-\ENTS

On adding quantities of water exceeding 25% by we ight to a sta ndard polyglycol
(e.g. PEC-otOO). a remarkable decrease in viscosity an d a significant rise in suc tion and
evaporation rate of the resu lting vehicle was obse rved . Surface tension d id no t exhibi t any
sign ificant varia tion in the stud ied com posi tion range. The observed drop in viscosity
could favou r an increase in densi ty (sol ids load ) of the screen printi ng ink. The increase in
suc tio n rate could also be cons idered beneficial for the decorat ing p rocess, since it allows
acce lera ting p roduction and improving the qua lity of the coa ting . However, if the
evaporation rat e is too fast, ink cons istency could rise excessive ly d u ring application,
leading to progressive screen clogging and conseque ntly to inad equate ink depositi on on
the p iece.

To reduce vehicle eva poration different so lven ts we re tested , wh ich on mixing with
water lowered the vehicle eva poration rate. The tested solvents were: po lyg lycols of low
mo lecular weight , such as monoethy leneglycol (MEC), dieth y leneg lycol (DEC ),
triethylen eglycol (TEC), and polyethyleneglycol 400 (PEC --!OO). p ropylen eglycol (PC) ,
glyce rine (C), sorbitol (S) and a polyalkylglycol of molecul ar weight exceed ing 2000
(PAC). Ad d itives with a high water retention capaci ty we re also test ed : cellu losic
d eri vat ives suc h as hyd roxyethylc ellulose (H EC), methylhyd roxy p ropy lcellulose
(MH PC) a nd methy lhyd roxyethylcellu lose (MHEC), so d iu m a lgina te (A LC-Na),
po lypropy leneglyco l alg ina te (ALC-PC ), and a bentonite (B).

It was observed th at the evapora tion ra te (evaporated qua ntity of water 60 min af ter
experiment sta rt) of the tested compound s varied accord ing to the followi ng seque nce:
C <MEC< PAC<DEC<S<TEC <PC<PEC400. The sequence foun d for 0.5 wt % so lutions of
ad ditive wa s as follows: MHPC<M HEC<HEC<A LC-Na '" ALC-PC<Bentonite. For the
same cellulosic derivative the water retention capacity was found to increase wi th
mo lecular weight.

3.2 SCREEN PRI"TING IN K PREPARATION

Screen p rin ting inks we re prep ared using stan da rd industry materials and working
conditions . The vehicles were form u lated using the so lvents and additives that had
exhibited the largest water retention capacity: glycer ine and polyalkylglycol of high
molecu lar weight (together with mo noe thy leneglycol and PEC--!OO as d iluters) and
methylh yd roxypropylcellul ose. Combining these ingredi ents two screen p rint ing inks were
prepared usin g two vehicles that contained 50 wt% and 75 wt% water (V50 and V75)" I.
These inks we re respective ly referen ced T50 and T75.

Firs t the CO D was determined of vehicles V50 and V75. Thi s was found to be
between 2 and 3 times less than the CO D of cu rren t vehicles.

Subseque ntly, after ver ifyin g on a laboratory scale that the chn racte ristics of the
formu lated inks (rheological beha viour, stability and behaviour during appl ication) were
app rop riate, industria l tri als were undertaken . Lots of approxima tely 3000 m' o f
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s tonewa re floo r tile were ma nufactu red . After the relevan t ad justme nts of the w ork ing
cond itions, app ropria te ink beh av iou r was observed, obtaining first cho ice percentages
com parable to the usual rat es found at the company where the tr ia ls were carr ied out.
Finally, it wa s found th at in the indust rial tiles which had been stored before firing, the
th ickn ess of the black core in the fired tile decreased proportionall y to the quantity o f
wate r containe d in the veh icle.
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