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ABSTRACT

In the research lines currentlu being implemented in the Spanish ceramic nuuntfacturing
sector, th« term innovat ion, core ofR+D+I (Rcsenrch-«Derclopment-v lnnonation), is acquiring ee'a
greater unporuince. Through innovation nell' materials can be designed, better adapted to their
[unction, opming up new market prospects for the ceramic products dereloped in the sector.

The objective set in the present study, frui t of the collaboration between Unire rsitat [aunie I
and the f irm Colorobbia Espmla S.A., was the development of nell' glazes with certain electric
conductiritu properties (ionic and/or electronic), which on being deposited Oil tile ceramic tiles alit!
subjected to a potential differellce, would also present certain thermal properties, to generate the
feelillg of a UYlrmCr atmosphere 011 the surface (~f these tiles, when llsed in cold cllPlrOl1lJIC ll fS, as
occurs with zl'oodell panelling, parquet, etc.

For this, the glazed surjace has been idealised as a resistive-type electric circuit, such that all
appllfillg a voltage, electric conductiu itu develops, aiu! by the [oule effect, tilere is a loss of ellergl/
ill the form of heat across the whole glazed surface. The followillg objectives were thus established
for developillg the glaze:

- Allow appropriate electric conductioitu (ionic and/or electronic) when an electric potentia!
di(ferellce is applied at the ends of the glazed <u riace of the ceramic tile.

- 011 the basis of the developed electric conduci iritu, genaate heat across the whole glazed
<urface.

- The dereloped glaze should meet the quality requirenteuts , set out ill the standards. for use
as floor liling.

On the other hand, the role of the ceramic body would be that of heat accumulator, req uiring
for this purpose a good body-glaze or body-ellgobe-glaze fi t. To be able to apply the developed
products, several types of f rits were selected ill the present work, iohich are all used in industry.
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To modulate the required conduction property for the glaze, differellt types of crystalline
structures were synthesised that have a conducting or semiconducting character, adding these after
synthesising to the frit to produce the conducting glaze of a glass-ceramic nature. This glaze
composition was applied onto different ceramic surfaces (stoneware and porcelain tile) and fired,
respectively llsing single-fi re cycles of 11 50" C and 1200" C. The physical parameters of electric
conductiuiti; in the glaze were eoaluated, distinguishing bettceen ionic conductioitu and/or
electronic conductioitu, after applying a potential difference to the same ceramic tiles, while also
eoaluaiing heat generation. The role of thermal accumulator was also studied in tile different
selected ceramic bodies.

Key words:glazes, electric conductioitu, thermal conductivity. ceramics

1. INTRODUCTION

Du e to the points involved in the present wor k, it is important to highlight the
interrelati on between the electric cu rrent and heat genera tion, through the Joule effec t.

Elec tric ene rgy, just as all forms of energy, can be transformed into another type of
ene rgy, depending on the conditions of the circu it through which the current passes. It
generally becomes heat, due to mobile electro ns continuously hitting the condu ctor,
producing a kineti c energy exch ange between the two!", w hich lead s to a rise in conduc to r
temperature (loule effect ), as indicated in equation [1].

1 v 1
Q ~ PI ~ I'll ~ RI I ~ - I

R [1]

w here Q is heat (j), P electric power (W), t time (s), I electric current (A), V poten tial
difference (V) and R electric resistance(Q).

Ohm's Law relates the potential difference (V) applied with the current that flows (I)
and resistance (R), acco rd ing to equation [2].

V~ IR [2]

where I: Electric curren t (A), V: Poten tial difference (V) and R: Electric resis tance (Q).

The elec tric resistance, R, depends on the dimensions of the sa m p le ana lysed, while
electric resisti vit y does not depend on the dimensions; both are rela ted by equa tio n [3].

S
p ~R 

L [3]

where p: Elec tric resistivity (Q.·m ), S: Area of the cross section perpendicul ar to the
direction of the electric cu rrent (rn-). L: Distance between the points a t whic h the vo ltage,
sample length is measured (rn ).
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The e lec tri c cond uctivity, 0 , 15 defined as the Inverse of resistivi ty, acc o rdi ng to
eq ua tio n [4].

1
G=-

P

w here 0: Electric cond uctivity, (Q·m ) ! = S·m ! and p: Electric resistivity, (Q'm )

[4]

t'SULATO RS

Although ce ra mic m aterials are com m only considered elec t ric insulato rs, the ra nge
of co nd uctivit ies th at th ey can end up reach ing covers 25 o rders of m agnitude!", fro m th e
m ost in sulating material s to the most con d uctive. Figure I shows the range of
co nd uc tiv ities for common cera m ic in sulators and conductors!".

lf PEKCO' " LT TO KS
10'

I 'tH ALLIC CO'IlLCTORS

SHnCO' "IlUCTORS

200 ll(H) lOtIO I.tOO

Temperature (K)

Fig. 1. DWi:rellt electric bduH'iolir (~r nmteriut« ,

In ceramic soli ds the electric p roperties depend on the typology of th e cha rge
carriers (electrons or ions). Ii th e charge carriers are elec trons, it is ca lled e lec tro nic
cond uc tivi ty ; w hen th e cha rge carr iers a re ions, it is referred to as ionic cond uc tivity!' !

Ionic cond uc tivity ta kes pl ace in m at eria ls known as so lid electroly tes , superionic
cond uctors or ra p id ion cond uc to rs!". These m aterial s are characteri sed by rigid s tructu res
be tween w hich a grou p of ions forms a m obile subcell . The structu ral requirements for
high ion ic cond uc tiv ity are the availability of holes into w hi ch th e m obi le ions can jump
an d , on the other hand, th at the ene rgy ba rri ers to be overcom e by th ese ions, in o rder to
jum p from one hole to another, a re sm all.

Elec tronic cond uctivity develops to d ifferent ex te n ts and th roug h d iffe re nt
mech an isms, in a grea t va rie ty of m aterials . It is responsibl e for the electric properties of
m etal s, supercond uctors and se m ico nd ucto rs .
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Semiconduc tiv itv lies midway between meta llic cond uc tiv ity and insulators. The
number of electrons involve d in d;e p rocess depends on the temperatu re and level of
impuri ties, in contras t to metalli c cond uc tivi ty. When th e elect ric characteristics of the
sem icond uctor are determine d by atoms of im purities (dopant), the material is said to be
an extrinsic semiconductor's', The ability to dope se miconductors and modify thei r
propert ies g ives rise to many app lica tions and is th e basis of the mi croelectronics industry,
amongst others.

Ano ther of the im portant cha racte ris tics in the frame of the present work is heat
transmission. In the first pl ace, it is to be noted that th e different heat tr ansmission
processes are di vided into con duc tio n, convectio n an d radiati on!",

Heat conduc tion is the term given to the exch ange m echanism of in te rnal ene rgy
from one body to ano ther, or fro m one part of thi s body to another. This ene rgy or heat
flow goes from higher energy to lower energy molecules, i.c., from the region w ith the
higher to th at w ith the lower tempera ture'". The main cha rac teristic of cond uc tion is that
it takes place wi th in the lim its of the body or th rough the line separa ting tw o tou ch ing
bo d ies, wi thout p roducing apprec iable d isplacement of the matter of w h ich they are
made. In a sim pli fied form, cond uc tion is g ive n by equation [5]:

Q = c,S!'.Tt

L
[5]

where the quantity of heat transmitted by cond uc tion, Q (J), is proportiona l to the
surface cross section,S (m-), a t the d ifference in temperatu re, (T\-T,)=tlT (K), in the perio d
of time, t (s), and inversely proportional to the di stance be tween the two cross sections
cons idered, L (rn), where c is thermal cond uc tivity (J/ (K- m·s))., ,

Convectio n is the mechanism of heat transmission in a flui d w hen mi xing a part of
this with another, due to the movement of the flui d mass. However the rea l p rocess of
energy transmission from one particle or molecul e of the fluid to another continues to be
conduc tion; it is considered to be convection because the ene rgy can be tra nsported from
one point of the space to ot her points by the very di splacement of the flui d. As in the case
of cond uc tion, convectio n is given, in a simplifie d form by equa tio n [6].

[6]

where Q is heat ga ined or lost (J), 5 su rface area (m-), T\-T, = !'.T (K) diffe rence in
tempera tu re betw een th e surface and the fluid, t time (s) and h, convection coefficien t
(J/ (K- m 2·s)).

Fina lly, thermal rad iation is the electro magnetic radiation emitted therm ally by the
surfac e of an excited bodv, It is emi tted in all di rections, and when it strikes another bodv,
part of it can be reflected , another transmitted and yet another absorbed . If the incide~t
rad iation is thermal, i.e ., if it is of appropriate wavelength, the absorbed radiation w ill be
present in the body absorbing it in th e for m of heat, accord ing to equatio n [7]. Therefore,
heat can pass from one bod y to another withou t needing a medium to trans p ort it
be tween the two. A separa tion can exis t, such as air, which is unaffected by thi s passage
of ene rgy.
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Q= -ssr',
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[7]

w here 0 is the Stefan cons tan t (0 =5.67· 10"" ]-s"·m "·K-l), e is ca lled em iss ivity, whose
val ue ranges between 0 and 1 and depends on the material, S is the energy radiating
su rface, T its tem pera ture (K) and t time (s ).

It is necessa ry to indicate th at though ceramic m aterial s have low thermal
cond uct ivity, they are not su fficie ntly thermally ins ula ting. Fo r thi s reason ce ramic tiles
used for floo ring d o no t produce the feel ing of warmth tha t o ther types of ma te rial s do,
such as wood, parquet, etc. Thus, in order to co m positiona lly modulate the glazes, a new
type of ceramic materia ls cou ld be developed, of a se micond ucting nature, which by
causing a small flow of electric current, ge nera tes heat release by the Joule effect, giving
the feel ing of heat tha t these types of materi als do not otherwise provide.

For these reasons, to tackle the present work, it was aimed to develop a new family
of glazes capa ble of ge nerating heat , based on the applica tion of an electric current by the
so-ca lled "Jou le effect", producing an increase in temperature at the sur face of the g lazed
ceramic tile, while a t the sa me time havi ng the body act as a thermal insulator and ena ble
p roducing " warm" cera m ics, w hich can be used as floor tiling in co ld environments.

For th is, the following concrete objectives were se t:

1. Prod uction of an elect ric "se micond uctor" glaze .

2. Heat release in the g laz ed surface after applying a potential difference, which is
sufficiently low for sa fe ty reasons.

3. Th e developed glazes sho u ld fit the ceramic bodies well and be suited for
industrial firing cycles.

4. Th ese glazes should have good physical and chem ical p ropert ies, as well as
meeting standa rd requirements for use.

2. EXPERIME TA L

2.1. MATERIALS AND METHODS

Firs t, di fferen t types of ind ustria lly feasible frits were designed, which enable
incorpora ting the e lectric co nd uc tiv ity p ro moting elements and , co nsequently, th e
genera tio n of heat , s ince the purpose of this frit is not only to ac t as the main g laze
constituen t, bu t a lso to serve as the matrix in which the semicond ucto r agen t particles a re
d ispersed , a llow ing the following requirements to be met fo r industrial adap tabili ty :

1. Possess appropriat e melt viscos ity, as well as su itable coefficien ts of ex pans ion fo r
its bonding to th e body as a g laze.

2. Be su itable for industrial stoneware and porcelain tile s ingle-fire cycle s.

3. Have co mpositional flexibilitv, s ince thev must allow the variat ion of constituent
con tents and admit the oxides and compounds that are to be added for the rmal
and electric response as a g laze.
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Table I details the representative qualitati ve analysis of a frit of the famil y of frits
d eveloped!",

SiD,
58

AI,O ,

5

B,O,
5

ZnO
10

Ca O
10

MgO

3
NaD K,Q

5

Sb,Q,
3

Table I. Qllalitath'e alwlysis of (I rcprescntatite frit of the frits lI sed ill the study.

For thi s the following raw mater ials were used , all of indust rial qu ality (Table II)

Raw materials Content ill oxides (wt%)
Boric acid, H,llO,

Borax, Na, ll , O, '1011,0
Quartz. ((-Si0 2

Alu mina. n- AI,O,
Sodium carbonate. Na2COJ

Potass ium nitrate, KNOJ

Zinc oxide. lnO
Calcium carbonate. CaCOJ

Ant imony oxi de (III), Sb,O,
Kaolin. 2Si0 2-AI20 ,"2H20

56% B,O,
49.3% B,O, and 21.9% Na,O

98-99% SiO ,
99 .3%AI ,O ,

58% Na,D
46 .2% K, O
99.5 % ZnO
55.8% CaO
99% Sb,O,

39%AI,O, and 47% SiO,

Table 11. Composition of lite variOlI:> raw nuuerials used to prepare tlte[ rits.

As a se micond uctor sys tem the tin oxide sys tem d oped wi th antimony (V) was
chosen. For th is, 5nO, (99.9%) was used as well as 5b,O, w hich is part of the frit
(o rrnu latio nt'?',

The ge ne ral methodology used to ob ta in the sem icond uctor glazes was ba sed on the
frit melting process itself, followed by the add ition of 5nO, in glaze preparat ion,
sche ma tically illustrated in Figure 2.

,0,

Mixing and proportioning
the raw materia ls

Frilling: a t 1470"C

Molten mass

Water quenching

r RIT
I 51

•

GLAZE

Fig. 2. Methodology of semiconductorglaze sy'lthesis.

Two types of ceramic bodies were selected : red stoneware bodies and porcelai n tile
bodies.

p. C t - 1.11"
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2.2. HEAT TREATMENTS

The stone ware and porcela in tile specime ns glazed w ith the semicond uc tor glaze
were subjected to sing le fire ind ustria l therm al cycles at 11500 C for the ston eware body
and 1200° C for the porcelain tile body, using identical cycles to tho se used in industrial
production. Figure 3 sho ws the firin g cycles of the glazed stone ware and porcelain tile
specime ns.

b. I"(JKCl:LA I~ 1'I U ;

o.L-_- _

605040
Time (min.)
302010

200

400
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1200

\J
~ 1000,
~it 800
E
~ 600

5040

Timc tmi n.I

a. ST(lSt~ \\A RF.

1400

1200

1000
\J
~ 800
a
E

600;,:.
.~ 400e-

200

0
10 20 30

Fig. 3. Thermal treatment for the stoneware (a) and porcelain tilt? (b) specimens.

Thi s treatment was conduc ted in a gas-fuelled, single-deck roller kiln for tr ials a t the
firm Colorobbia Espa na, S.A.

2.3. CHARACfERISATION TECHNIQUES USED

a ) Materia ls chnrac te risa t ion:

X-ray diffractio n. (X RO): The instru ment used was a Siemens, model D5000,
di ffractometer with coppe r an ode. The measurements were perform ed at an int ensity of
20 mA and voltage of 40 kV, in a 2fJ ran ge from 10 to 80". Cou nt step time was 10 seconds
and goniome ter veloci ty was 0.050" 20 I s. This techniqu e was used for the determination
of the crysta lline ph ases p resent in the studied m aterials.

Scanning electron microscopy (SEM ) and microanalysis (EOX) : A Leica Mod . LE0440i
sca nning electron mi croscope wa s used with an en ergy-di spersive X-ray microan alysis
inst rument, OXFO RD, EDX Link-ISIS, with a secondary and ba ckscattering electron
detector. Wavelen gth di spersive X-ray analysis (WDX) was also performed wi th the
CASEMAX, Microprobe Sx50, fitted to an OXFORD scanning electron m icroscope.

Dilatometru. The measurements were m ade on a BAHR DIL 803L dila torneter with a
heat ing ra te of 5°I min. This was used in frit characterisa tion.

Hot stage microscopy . A MISURA hot stage mi croscope w as used with a heat ing
rat e of 40"I m in . Thi s techn ique ena bled determining th e characteristi c temperatures of
each frit.

1'. CI · D 9
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b ) Measurement Ofelectric and thermal properties

Measurement of electric transport properties. By means of a HI', mod el 4192A,
imped anci ometer, which measures in the ra nge 100 Hz to 1 MH z.

Measuremellt of temperature increase. To measure the tem perature increase in the
glaze d surface of the cera mic tile, a device was used similar to the one sche ma tically
illustrated in Figure 4. The ceramic tile glaze was connected to an alte rnate current source,
using metal pla tes to favour contact. Temperat ure was determined at the su rface of the
ceramic piece with a thermometer, at different times.

META.LLlC
CO..V/VECTI.\'G

EJ.E.\fesr GL-tZt:

TIfERJIO.ItETfiR

Fig. 4. Scht'me usedfor mel1slI rillS the increase ill temperature at the glazed tilt, ojurfilCt'.

c) Determination of ceramic tile qual ity parameters.

The following qual ity tests were run on the finished products:

Resistance to surfuce abrasion. The glazed pieces were subjected to abrasion resistance
tests accord ing to standard UNE 67-154-92 EN-154.

Chemical resistance . Chemical resistance tests were cond ucted on the glazed pieces
accord ing to standard UNE-EN ISO 10545-13.

Stain resistance. Stain resistance tests were conducted on the glaze d pieces accord ing
to standa rd UNE-EN ISO 10545-14.

Scratch hardness of surface accordiug to Mohs. Scra tch hardness test s were con d ucted
on the g laze d pieces according to standa rd UN E 67-101.

Vickers microhardness. The Vickers microhard ness measu rement was carried ou t
accord ing to standa rd UN E-EN ISO 6507-1. A Matsuzawa, model MHT-1, tester was used,
running the tests on the glaze d pieces.

Gloss nicasurenicnt . A Rhopoin t Sta tis t ical Novoglass instrument was used
(Promo tes t) and the measurements were taken at an angle of incidence of 60" on the
glazed tiles.

Measurement of the chromatic co-ordinates CIE-L*a*l>*. A Mino lta CR200 colorimeter
was used to measure the chroma tic co-ord ina tes CIE-L*a*b* of the glaze d pieces.

P.G I - 1·10
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3. RES ULTS AND DISCUSSION

3.1. STRUCTURAL AND MICROSTRUCTURAL STUDY OF TH E SAMPL ES

The frit used for the conductive glaze
possesses physico-chemical characteristics
that make it com patible for industrial use.
Figure 5 shows the base frit characteristic
temper atu res found by hot stage
microscopy.

n
<;I>fTF"IMl

n
fo Ul t "

I 2 SI'Ht_Il.~

r>:
T.~.t r l'

Fig. 5. Characteristic temperatures (!f tile hast'[ri t fO lllld l,y
1I0t MilSI' tIIi crOS((lFY·

Th e dilatornetric stud y of the frit (Figure 6) enabled determining tra nsformation
temperature (1'" = 650" C). softening temperat u re (T. = 695" C), and the coefficient of linear
expans ion («) between 50 and 4000 C, which was 65·10" K·' .

0."

0."

1 1 "..l~,~' I .(I * IlK) OAO
w.)

0.20

TCk Jtr C •

o 11MI 21111 .\OU 4l. f !iI.1 Mill 7111 . HOI)
T C"C)

Fig. 6. Dilctc mct ric erln 'c of f1J(· llllSt'lrit .

In the XRD analys is, the cond uctive g laze is observed to have high crysta llinity
(Figure 7), d ue to the add ition of crys talli ne phase SnO, af ter the fritting process and its
stability wit h rega rd to the frit. To be noted is the absence of other crystalline ph ases above
the XRD inst ru ment detection limit.

'0000 .--- - - - - - ----- - - - --,

BOOO

2000 s ,

I 'ili 1 i

1-' is - 7. X-ray diffmctoSrIllll of ti lt' surface of tllt'Slll::t' II Sl' d (S=S,/Or cassitcritr, A STAf 41-1445),
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SEM shows the SnO, crys tals (Figure 8), already detected by XRD, while Sb cannot
be distinguished from Sn -by EDX, since they possess similar emission lines (Sn L,,=3.44
and Sb L

o
= 3.60) and signa l overlapping occu rs. For this reason the microp robe wit h

spec trometry an alysis by wavelen gth d ispersion (EDL) was used, which enabled
d iscerning between both elements (Figure 9).

Fig, 8. l\l1icrograpJr (~f the semiconductor gtazcsurface (magnifirnthm 3000 x).

GLASS

SiKu

CASSITERITE (SoO,)

G I,l ~~·CcJ ..suerue
Interface

(Sl>Concentration )

Sb Kn

Fig .9. Analysis of element del/roily (mappilzg) in the st'micolldllctor glaze surface by the microprobe[ittcd with a wm't>/mgtlz
dispersion detector (EDLJ.
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It can thus be observed how the antimony has d iffused from the glass toward the
glass-cassiterite interface, where th e antimony is loca ted next to the 5nO, gra in
boundaries. The distr ibution of anti rnonv around 5nO, and its introd uction in the
net work genera tes areas in the cassite~ite particle surface in which th e electric
conductivity wi ll be high, and far more than th at of the glass or the cassiterite parti cles
themselves.

To exp lain this conduc tivity, a microstructural model is proposed in which the
antimony acts as a dopant, bu t does so in the surface layer of the 5nO, particles,
genera ting a ne twork of con tacts that are sche ma tically presented in Figure 10.

Touching semiconducting
particles: "conductio" cltannel"

,
5,,0, doped
with Sb ( 1')

Undoped 5,,0,

Glass

\

Isolated particles

I

Fig. 10. Micft)51ruclura[ model of a gla:e that incorporates tht'5"O! :'(,11IiCOllductor doped unth SNV ).

3.2. STUDY OF THE QUALITY PRO PERTIES OF THE RESULTING GLA ZED PIECES

Tab le 1II detai ls the most significan t results found on carrying out the different
quality test s acco rd ing to the s ta nd ards fo r th e ceram ic tiles glaze d with th e
se micond uc tor g laze .

TEST AP PLIED ST.-\~DAH.()
CL.-\SSIF.CAnO

TrST SO U JTIO:\S Ern:crs
N

Deter mtnauen of Ul'\E 67-1 5~-9:!
CLASS IVabusion re sb tanee EN-15~

GA Am moni um ch loride and sodium
No visib le effects

Determ inati on of
hypochlorite

chemical rni,tllnce Uf\:E·F.l'\· )SO 1054 5· 13 GLA Ac ids and alkalis in low concenrranon No visible dTI,.'Cb

GHA Acids andalkalis in high concenrranon No visible effects

5 Chromium oxide in light oil Stain removed
n ererm tnauen oratai n

UI' E-EJ\-ISO 1054 5- 14 ; Iodine.al cohol solution Stain removedresista nce
; Olive oil Stain removed

Table III. A1()st s(i\l1ificallt result s oj the qlllliity tests performed.
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3.3. TH ERMAL STUDY OF TH E SAMPLES

The glazed ceramic tiles we re se t in a resistive circuit, such as the one shown in
Figure 11.

Gl.UE
R

Fig. 11. Scheme of tile ceramic file :,('1 ill a n'sistii.'t' circuit in AC.

Whe n these tiles were subjected to different voltages, the following 6T values were
found for the d ifferent times (Table IV).

220 V 110 V GOV
T (min] T (OCI ~T (OC) T (OCI ~T (OC) T tOCI ~T (OC)

0 25 0 25 0 25 0
5 38 13 29 4 28 3

10 47 22 32 7 29 4
15 51 26 34 9 30 5
20 54 29 34 9 30 5
25 56 31 35 10 31 6
30 57 32 35 10 31 6
35 58 33 35 10 31 6
40 58 33 35 10 31 6
45 59 34 36 11 31 6
50 60 35 36 11 31 6
55 60 35 36 11 31 6
60 61 36 36 11 31 6
65 61 36 36 11 31 6
70 61 36 36 11 3' 6
75 61 36 36 11 3' 6
60 61 36 36 11 31 6

TaNt' IV. Temperatures and temperature increase... of the glazed tilt, surf ace I1S a[unction of time at different poltases.

The values of 6T versu s time are plotted in Figure 12.

70605040
t (min)

3020

40

35

30 .. . - ------- -

25
: • 2<'Ov

l- i ... 110V

<1
20

: • to ...
--. - - -- .. . _-

15

10

5

Fig. 12. Variation of DT in terms of applied l'o/tagc5 mitt time.

I'.GI·I-l,.j.



CASTEU6N (SPAI:-J)

With equa tions [1], [5], [6] and [7], taking int o acco unt tha t the heat consu me d by a
bod y in rais ing tempera ture is found from equa tio n [81:

[8]

whe re Q is heat 0), m mass (kg), T,.T, = t>T (K) the di fferen ce in temperature, and c,
speci fic heat 0/ (kg ·K)),

leads to equation [9], in which the heat produced by the Jou le effect causes
temperature to rise in th e body (tile) itself an d be di ssipated by conduction, convection
and radiation to the surroundings.

[9]

where V is potential d ifference (V), R electr ic res ista nce (Q), t time (s), m m ass (kg),
t>T th e d ifference in tem perature (K), c,. specific heat O/(kg·K)), S surface area (rn-), L
distan ce be tween two cross sections cons ide red (rn), c, therma l conduc tiv ity 0/ (K-m·s)),
h, coe fficien t of convectio n (J/ (K-m'·s)), e em issivity, 0 the Stefa n cons tant (0=5.67·10 ' j -s
'·m-' ·K-l) and T absolute tem perature of the body (K).

Thus, the dependence can be observed o f the increase in tem perature with V' , a fact
clea rly shown in Figure 11, in w hich t>T decreases on reducing the ap plied voltage for th e
same times.

Moreover, dep ending on the applied vo ltage, there is a tenden cy for the va lue of'"T
to stabilise, which would be explained by eq ua tion [9], since the factors belonging to heat
d issipation begin to take on mo re importance aga ins t the heat used in increasing the
body's own temperature.

Acco rd ing to these da ta and with the cu rren t sta ndard!'!' (MI I3T 021), the use of
these tiles as floori ng in ho using can be cons idered feas ib le, since with the appropriate
protection and commonly used systems, such as groun d ing or insulation, they would
involve no d anger at all.

4. CONCLUS IONS

The resu lts foun d in the stu dy allow d rawi ng the followi ng conclusions:

A ceramic glaze has been developed based on SnO, - Sb,O; semicond uctor system of
ind ustrial applicability, adap ted to stoneware an d po rcelain tile bodies, wh ich exhibits
good physico-chemical prope rties of use.

The frit and end glaze composi tions were op timised , achieving resis tance val ues of
the order of 103 W at the glazed tile surface.

After applying a low potential difference, the developed ceramic g laze generates
heat an d th us the desired feeling of wa rm th .
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The rise in tempera ture of the glazed ceramic tile was found to depend on the
applied potential, so that at the same times, increasing vo ltage en ab led ra ising
temperature.

After reaching a maximum temperature value, a thermal equi librium is reached
owing to the compe tition between genera ted heat and dissipated heat.

Accord ing to current regulat ions (Ml BT 021) the use of these ceramic tiles can be
cons idered feasible as floor coveri ngs wi th the appropria te installa tion of protection
systems for overvoltage.
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