
CASTELL6:>i (SPAll") iii QUAU ,-,-" 98

STUDY OF ELECTRICAL CONDUCTIVITY IN
CERAMIC FLOOR TILES. DEVELOPMENT OF AN

ANITELELECTROSTATIC VITRIFIABLE GLAZE

J.V. Carcel le r'", M. A. [ovani'", A. N eb ot'", A. Sole r"
J. B. Carda''' ', J.J. Go mez''' ', G. Garcfa'"'

" COLORO BBIA ESPANA S.A.- Villa fames (Caste Il6n )
''' 'De p t. of Inorganic and Organic Che m istry. Universi ta t [au rne I

'·"'Dep t. of Experimenta l Science. Un iversi tat [au rne I

ABSTRACT

Safe ty regula tions ill fac ili ties where injla m mcble gases arc han dled or high ro ltage
equipment is used require floo rillg w ith an ticlcctrostatic characteris tics according to Spanisi:
regula tions !vilE BT 025 . The present st lldy shotced that curre ntlu marketed gla:ed fl oor tile does
not mee t these requirements . Thi s led to the derc lopment of l'itrifiable stollelm re floor tile gla :es
based all the incorporation ofdoped oxides ofa semicolldllelillg nature, which did confo rm to these
requisites. This l1'as done by tes ting t11'O types of oxides: tin and titaniu m dioxide, both exhibiting
I'll tile structure and it was shoum that SilO, presented a slIfficiClltly 1011' resistil'ity fo r these
purposes, after dopillg with an timon u oxide (Sb,O,) .

Tile dereloped cond ucting glaze» leere opaqlle alld white, with resistivity ralues of arolllld
W Oo Ohm'cm, which lay tci thin regulation rallge.

Finallu. the materials obtained were structural tv and microstruct urallv characterised,
confi rming the entru of the aniimonu ion (Il l ) ill the cassi terite (5110,) latt ice.

1. INTR ODUCTI O N

In facilities where infl ammable gases or explosive substances are handled special
safety measures are required to preven t fire outbreaks. One such measu re involves a
minimum conduc tivity req uiremen t in the floo ring with a view to avoid ing the
accumulation of electros tatic charges. Electrostat ic accumulat ion in these facilities can
produce explosions by d ischarges that ignite inflammable gases, for example in ope rat ing
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theatres, explos ive substances, or explosives magazines, stores with highly inflammable
substances, etc. Moreover, recent studies, not directly focused on sa fety issues, have also
found that the we llbeing of patients at hospitals and clinics improved noticeably when
the facilities were fitted wi th antielectrostatic sys tems , They we re also found to be
recommendable in rooms containing computers or instruments sensitive to static
electricity.

With a view to regulating the conductivi ty of the floori ng used in facilities for
which such security measures are requisite, the Ministry of Indust ry and Ene rgy, in
directive MIE BT 025 relat ive to facilities in premises accessible to the genera l public,
req uires that the floor ing at such premises sha ll exh ibit a maxim um electrical resistance
of 10' Ohm (I MQ). If it is cer tified tha t a higher value does no t encourage the
accumulation of hazardous electrostatic charges, the maximum ad missible va lue
becomes 100 MO hm. Reg ula tions in other European coun tr ies also se t simila r
requiremen ts, in which the same elect rical resistance values are specified for floo ring in
such facilities (DIN-5I 953 Germa ny, CNR-CEI n.64-4 / 73 Italy),

In view of these requirements, the prese nt work had two objectives, One the one
hand, characterisation of certain commercial flooring products to identify the situation
rega rdi ng the current offer of such products. The characterisation wa s conducted from
the point of view of the whole ceramic tile as a unit, and separately in term s of its
individua l constituents (ceramic bod y, engobe and glaze). On the other hand, on situating
these d ifferent material s relative to the targe ted conductivity, the second objective was to
design materials, which on incorporation wo uld provide the required cha racteristics for
the function involved.

It is currently assumed that there is an arrangement on an ato mic scale in glassy
networks and even a "med ium reach" below which glass and crystal topologies resemble
each other quite closely, though they exhibit d ifferen t geometries. Thus, some of the
considerations conce rn ing electrica l conduction of crystalline solids are also applicable to
glasses.

Electr ical conductivity in ceramic materials made up of crystalline and glassy
phases arises by two mechanisms: ioni c cond uction and electronic cond uction.

Ionic conduction involves migration of charged ionic species across the material on
applying an electrical field , Cha rge bearers are the more mobile ions, Ion migration can
be divided into three types:

L Vacancy mechanism: If there is a vacancy in th e crystal latt ice, it becomes
possible for a neighbouring ion of the mobile type to move to this site . The
d ifficu lty of the movement lies in the size of the migrating ion and th at of the
surround ing ions, which attempt to hinder th is. The re is an energy barrier to
be overcome in order to ach ieve this cha nge of position, which w iII d ro p as the
difference in ionic radii rises. This mecha nism is related to Shottky defects
(Fig , I ),

2. Int erst itial mechanism: If an ion is small eno ugh to occupy an in tersti tial
position, such as for instance a tetra gonal gap in an octahedral lattice, it can
the move to other inter stitial si tes . This mechanism is re lated to Frenkel
defects (Fig . I ).
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3. Sh ifting mechanism to interstitial pos it rons and crea tion of vaca ncies : Th is
mechan ism co mbines both the foregoi ng ones, in w hich an ion m oves to an
interst iti al s ite from its original site in the la tt ice, thus p rod ucing a va ca ncy that
ca n be occ u pied by ano the r ion (Fig . 1).

n (0 (~ N _( --) (0 (0
<::> ,,-----.J ':::( +~ c _-- - \..J

( ~ l r )(0 ( - )
\. ./ .J <:> <:.:

Vacancy --.... Interst itial _____ .... In terstit iall y

rig. 1. Schvnmtic of ti lt' three ionic nugration mechnnisms a) \If/call ey meclmnis m, [J) /Ilter:-titial mechnnisnt,
cJ , Sllijtillg nwchanism to illterstitiall'osititl1l:'and crcatitlll Ofpl1m llcit'':'o

Latti ce defec ts are na tu ral in crvs tall ine net works. Howeve r th e ir nu m ber is lim ited
and ruled by the rmod ynamic cons id~rations (rela ted to Bol tzmann entropy), so that ionic
cond uc tivi ty is low. A lVay of fos tering th is is by in troducing ions w ith a d iffe rent charge
fro m tha t o f th e matrix ions, so tha t charge compensa tion mechan isms w ill p roduce mo re
cry sta lline defects .

Electronic con d uc t io n takes place b y ch a rge-bear ing e lec t ro ns . This type o f
co n d uc t io n is ex p lai ned b y th e energ y b an d th eory, accord ing to w h ich e lect rons
ta ke u p it se r ie s of low energy le vel s, known a s the va le nce ba nd, a n d a re ab le to
p ro m o te to the im m edia te ly follo w ing h igher ene rg y le vel s, kn own a s the
con d u ctio n ba ud . T he ease wi th w h ic h th e ju mp fro m one le vel to an o th e r is
m ade indi ca te s a materia l' s behav io u r w ith rega rd to e lect r ica l con duc t io n, an d
this is re la ted to the d iff e rence in energy exh ib ite d by the two bands . In m etals,
w h ich a re e xce lle n t co n d uc ti n g m a ter ial s, b o th b and s li e cl o s e tog ether.
In sul ato rs, a s th e o p p os ite case , exh ib it high ene rg y d iffe rences, thus pra cti ca ll y
im p edi ng these tra ns it io ns, w h ich is a lso the case o f m any ce ra m ic m aterial s .
Ma n y o the r ma te r ia ls s u ch as th e se m icon d u ctors lie in a n in termed iate s it ua t ion,
in w h ich the ma g ni tude of the e lect r ic a l b ar ri e r, together wi th the presence o f
defect s brou g ht in by dop ing, p ro vid es a n in tere sting con d u c t iv ity. If these a re
d o ped with a to ms co n ta in in g one el ectro n m ore than the m at r ix th is fa vo u rs the
t ra n sition o f m o re elec t ro ns into the cond uct ion band , a nd n-t y p e se m ico n d u cto rs
a re o b ta ined . In thi s in stance co n d uctio n takes pl a ce by neg at ive be arers. If,
h owe ve r, a to m s a re brou g h t in w ith an el ect ro n le ss, the con ce n t ra t io n o f p ositive
gaps in the va le nce ba nd r ises . These a re the p -type se m ico n d u cto rs w ith p ositive
ch a rge be are rs . In th e ca se a t poin t, w e are in tere ste d in ce ra m ic se m ico n d u cto rs
th at ca n b e obta in ed in tradi t io n a l ce ra mic floor til e manu fa cture b y current
tech no log y.
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A ma ter ial's electrical resista nce to an electrical curren t is given by the follow ing
equa tion:

L
R = P S (1)

Where L is specime n length,S is cond uction cross section a rea and p is electrical
resistivity, which is defined as the electrical resistance of a cube of the material wi th a
1 ern edge . Thus, electrical resistance not only de pe nds on the ma te rial involved, but
also on its size. Althoug h for the targeted function, the ceramic tile 's elect rical
resistance wa s not to exceed a give n maximum val ue, to carry out the study the
material 's behaviour needed to be assessed witho ut considering its dimensio ns. The
study wa s therefore conducted in te rms of resistivi ty, as this fitted eac h mate rial' s
na ture be tter.

The inverse of resistivity is known as conductivity (T):

I
T = - (2)

P

As glass conductivity varies with temperature accord ing to an exponentia l
Arrhenius-type equation up to temperatures close to the glass maturing ran ge, risin g as
tempe ratu re climbs:

T = A exp( -: ) (3)

resistivity can be expressed as:

p = A' exp( ~) (4)

rewriting the equation and expressing it in a logarithmic form gives:

L " B,, (1000)ogp =A + - -
T

(5)

Where A and B are constants that de pe nd on glass composition, while B
corresponds to activation ene rgy. These constants are not de scribed theoretically he re, as
conside rable literature is available elsewhe re on the subject.

2. EXPERIMENTAL

As the ceramic materi als used in tile manufacture generally exhibit clearly
insu lating beh aviour, the phen omen a of surface conduction associated with moisture
retention at the surface are important. This surface conduction often exceeds that of the
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mate ria l itsel f. With a view to resolving the problem, the followi ng measurement
procedu re w as d esigned .

The ceram ic specimens were heated in a thermosta tted cha mber in which the
measurem ent was performed u p to around 270-300 "C. After stabilising the temperature,
the specimens were left to cool while an automated system took electr ica l resistance and
temperatu re measureme nts. This yiel ded suff icient da ta to allow ex trapolating, using Eqs.
(I ) and (5), and to thus obta in a va lue tha t approached the material's resistivity at room
temperatu re, taken as 25 °C, in order to reso lve the problems relating to surface moisture.

The procedure also allowed es timating the resis tivity of highly ins u lati ng materia ls,
whic h o the rwise needed eq u ipment capab le of measu rin g resistance a t qui te high ranges
(the equipment used presented a ma ximum range of 2·10" Ohms, 100,000 times grea te r
tha n the targeted va lue).

As data ex trapolation invo lves an inherent d egree of uncerta in ty, two resisti vity
values were provided in each case, one obtai ned by ex trapola tion. and the other
corresponding to the ex pe rimental rea d ing at lJO' c. As the specimen had already been
hea ted and stabilised a t a much higher tempera ture, no surface cond uction relating to
moist ure was assumed to occ u r at 110 °C.

2.1. M AT ERI ALS AND M ETHODS

Two types of specimens were ana lysed as far as their prelimi na ry p repa ra tio n was
concerned . Co m mercial ceramic tiles were taken directly fro m the p roduction line, once
the manu factu ring process had been completed, and prior to fitting with electrodes they
were ma chined (cu tt ing and polishing). The other specimens were obtained by the
follow ing process:

1. Selection of frit formu lation.

2. Proportion ing of frit raw ma te rials.

3. Fritting at I~~O "C.

~ . Proportioning of frit and ad ditives.

o. Milling

6. Un iaxia l powder pressing.

7. Fir ing the specime n acco rd ing to a sing le-firing schedu le 111 an ind ustrial
stoneware floor tile kiln .

8. Polishing an d mach ining the specimen.

9. Fitting w ith platinum electrodes and resistiv ity measurement.

To characterise the materials the following inst ruments and techniques were used :

- KEITHL EY 617 programmable elec tro me te r.

- Th crrno statted chamber w ith range up to 1000 "C. Fitte d w ith connectio ns for two
di rect p ressure electrodes and a the rm ocoupl e.
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SIEMENS, Model 0 5000, X-ray diffractometer running wi th a copper cathod e and
nickel filter, and secondary graphite monochromator, with autom ati c data
processing . The measuring ranges ran from 100 to 700 (28).

The resulting raw materials were analysed in a PHILIPS, Model PW2400, X-ray
fluorescence spectrometer

CARBOLITE electric kiln with a peak temperature of 1500 "C.

Ind ustrial floor tile kiln.

PH ILLIPS XL20, scanning electron microscope (SEM), with an ene rgy-d ispersive
X-ray analys is sys tem (EOAX).

Figure 2 depicts the preparati on process used.

I Frit formulation I::;;;:u;:
Proportioning CT~raw materials

'0" Polishing and

I Fritting. I machining

Fitt ing Pt
'<.>" 5> elec trodes and

Proportioning
resistivity measurement

I Ifrit and additives Firing

""'-7 -S'¢
I Milling ~I Pressing I

Figure 2. Experimental schemefollowed ill specimen preparation up to measurement.

Figure 3 illustrates the electr ical measuring assembly.

Electrometer.
Recording of

electrical
Cool ing resistance

Is Temperature

L
recording, ....

,

T& Rda'a
I Thermo~tal I acquisitio n

software

~Therrnostaned chamber

I Data processing and analysis I

Figure 3. Experimental electrical measuring assembly.
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3. RESULTS AND DISCUSSION.

II QUAU " 98

3.1. CHA RACTERISATIO OF T HE ELECTRICAL RESI STI VITY OF PORCELAIN
TILE AND GLAZED STON EWARE, AS WELL AS T HE IR CONSTI TUENTS:
BO DY, ENGOBE AND GLAZE.

The first s tage, as ind icated, se rved to characte rise co m mercia l tloor tiles.
Ind ustriall y produced wh ite and red stone wa re tiles coa ted w ith two vitr ifiable glazes
of a d ifferent nature (a matt and a tra nsparent glaze) were used for th is purpose.
Porcelain ti le specimens w itho ut a sta in ad d ition were a lso analysed . The da ta are se t
out in Tab le I.

Table I I Type of Glaze Resistivity Resistivity
material o f JJO "C (Ohn,soc",) extmookued to 1S 'C. (Ohm.w :mJ

Hhite stoneware Transparent 8' 10" (,.10"

\latt 3'10 u ~' I O "

Red .\'I OII f! UOu r e TranSparent /.2 '10'" I. 1·10 -
\ 1<111 1.1·10" ~ . 10"

Porcela in tile -- 3·1 0" 6-10"

It ca n be observed th at in the th ree cas es, in volving porcelain tile, g laze d w h ite
a nd red sto neware tiles, cond uc tivity va lues were fou nd far above the regu lat ion
values.

The fo llo wing step in vol ve d estab lishi ng the resis ta nce of each cera m ic tile
com ponen t ind iv id ua lly: body, cngobe a nd g laz e. In th is step specimens were ta ken
o f the red a nd white stonew are bodi es, a stoneware engobe a nd se ve ral vitri fiable
g lazes:

- Two vitrifiable opaque g lazes: one with a zirconiu m and the othe r wi th a titanium
o pa cifie r,

- A transparent glaze w ith an alka line- boric base.

- A barium matt glaze .

The resu lts are deta iled in Table II.

Table I Type ofmaterial
Resistivity Resistivity

II at Jnrc (Ohm...·cm) extrapolated 11I 15 "C (OhlUs'em)

" '''ite stoneware hod" 1·10'" a 3'10' • 2·10 '- a 1·10 " •
Red ston eware bod" 7·10" a 5-10' • 3·10" a 3·10 .. •
Stoneware eneobe ~ ' I 0' ~ 'I 0

Zirconium opaque ;:/u:e 3· \0 '" 7·10 ' .

Titan ium OP Ul/ Ilt! rtla:e 1.7·10'" ~ ' I 0 '"
. Transparent f.!/a:'l· 1.2.'OIU 1.4 '10'"

.\l att ata: e ~ ' I O ' 3·10"
• I he extreme \ alucs found arc: indicated .

Th e w h ite a nd red sto newa re bod ies both exh ibited hig h e lec trica l resis tivity. An
ap p rec iable va riation w as observed between their resist ivi ties, w h ich cou ld be
associa ted w ith the porosity an d het erogen ei ty o f these mat erials, as pects to be
avoided in dete rm ini ng a mat eri al' s co nd u ctivity, bu t wh ich a re inhe ren t to cerami c
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materials. On th e other hand, th e effect of ma chinin g th e specimens was noticeable : th e
polished fired specime ns exh ib ited h igher values th an the specimens polished before
firing .

Contrary to the w hite and red stoneware bodies, the porcelain tile specimens
exhibited grea ter cons istency in their resistivities as a result of lower porosi ty.

The stud ied engobe presented a slightly lower resistivi ty to the general trend sho wn
by the stud ied vitrifiable glazes, and these in turn exhibited behaviour th at varied
markedly with the composition.

3.2. STUDY AND DEVELOPMENT OF THE GLAZE

After characterisin g the different materials, the follo wing objective was to d evelop
vitr ifiable glaze th at met the required cond uctivity conditions. The d evelopment of new
bodies and engobes was left for a future study.

In view of the results and an alysis of th e compo sitions ob tained for the stu d ied
glazes, the following inferences were drawn:

- The white zircon iu m glazes were fou nd to lie in the most unfavourabl e position
of the four stu died types. They were thus discarded at the outse t.

- There d id not appear to be any appreciable di fferen ces be tween the other th ree
glazes. Howev er, the literature abundantly evinces the sem icond ucting properties
of Ti02 as well as of the other oxides of interest such as SnO" ZnO, Fe,O" Cr,O"
etc.

It was decided to wo rk with TiO, and SnO" which are used in ceramic gla zes as
opacifiers.

The opaque titanium glaze was used as the starting compos ition, whose ba se
cons isted of an opaque titanium frit, referenced FT, whose qu alitati ve com position is
detailed in Tabl e III.

Table III
FT ...1%

Thi s frit com position was subsequently modified by varying the titanium dioxide
proportion, w hich was ad ded as different proportions of anatase, both in the frit
formulati on as well as in the subsequent addition. Five compositions were prepared
whose Ti0 2 contents are detailed in Table IV.

Table IV F TI FT2 FTJ FT4 FT5
wl % (fu sion) 6 9 0 6 3
wl% (addition) 0 0 6 3 3
Total TiO} wt% 6 9 6 9 6

Th e res is tiv ities found for all these compositions, extrapolated to 25 °C, ranged
from 2·10.0- 4.1010

• There was no sign ifican tly differentia ted beha viour amongst th e
compositions. N o noticeable improvements were obtained w ith regard to a d ecrease in
resisti vity in thi s ran ge of TiO, percentages, whether in fu sion or in th e addi tions. Nor
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WJS there J ny apprecia ble enhancement of conductivity on rJlsmg the total
percentage. Considering the data it WJS decided to replace this opacifier by tin
dioxid e.

Tin dioxide (SnO,) is a well-known, widely used n-type semiconductor. It is used in
the ceramic branch as an opacifier in producing white glazes. The most common
crys talline form of th is glaze is cass ite rite, which belongs to the rutil e crys ta llog ra ph ic
grou p, w ith a 6:3 coo rdi nation. It therefore crystallises in holohedral forms of the
tetragonal system. It has a density of 6.8 at 7. \ g / Col ' and a Mohs hardness of 6 to 7. In
the natural sta te. it hJS J blacki sh colour, but the product used in cera mics is J semi­
processed raw ma terial and ha s a white colour. Figure -l shows the cass ite rite uni t cell
s truc tu re.

fig -I. Cllssiteritt' (S ,IGo? ) structure.
Cas.,; i{erite Itas a rutile t.1I11(' structure (TiD... ).

Compositions were p repared with tin d ioxide from a commercial titanium frit
(w hich appears in Tabl e IV refe rence as FTl), e limina ting the TiO, fro m its initial
com pos itio n. Tin was subsequently added aft er frilling . To ve rify the effect on
cond uctivitv of the SnO . add ition, the conductivitv of the frit used (refe rence d FO) WJS
also an alysed . Th e compositions are set ou t in Tabl~ V.

Table V FO FSI FSl
,,'1% S"O., 0 6 35

"'1% Frit (FO) 100 94 65

Compos ition FSI (6% SnO,) wa s formulated to compare the effect produced by tin
di oxide compared to titanium dioxide; th e weight equivalence corresponds to FT3 (6%
TiO, addition). On the other hand, data reported in the lite rature involve h igh
percentages of SnO" so that a formu la tion with 35% was used. The find ings are se t out
on Tabl e VI.

Table VI Resistivity Re.•istivity
alll f.f'C. (Oh"""'cm ) extrapolated 10 25 't:: (Ohms-em}

Fli 1·10 ' 1.7·10 '"
FS I 1' 10' 7·10
FSl 5·10 7'10'

The data obtained 111 the literatu re ind icate that cond uctiv ity sho u ld n se with

P. GI - 41



CASTELL6 :-.J (SPA !!':)

increasin g tin dioxide content. However, tin dioxide is quite a refractory materi al, so that
adding high proportions to the frit substantially affects frit meltability. This seems to be
the reason for the resistivity of formulation FSl an d la FS2 (6 and 35% SnO, respectively)
not exhibiting the expected tenden cy.

A considerable improvement in conductivity can be observed on replacing TI02 by
SnO,. The resu lting conductiv ity obtained with the tin dioxide addition also improved
compared to the sta rt ing frit value. evertheless, the resis tivities were no t sufficien t, not
even on employing considerable SnO, proportions. To enhance these values recourse was
had to dopi ng tin dioxide.

3.3. STUDY AN D DEVELOPM ENT OF A GLAZE BASED O N DOPING TIN
DIOXID E

Data can be found in the litera ture on SnO, doped with Sb(III), Cu(II), Zn, V(lII and
V), Bi(lII) oxides, etc. At th is stage it was attempted to im prove the cond uctivit y values of
the vitrifiable glaze starting out from frit FO, to which doped tin dioxide was added. The
entry of doping age nts was provoked in SnO, to produce crystalline defects in the
cassiteri te lattice, wh ich as mentioned in the introduction lead to grea te r cond uctivi ty.

Mixtures were prepared of tin oxide and the dop ing age nt, which were heat- treated
at 1350 °C for an hour. These we re subsequently added to the reference composition (FO)
in a weight ratio of 65% fri t and 35% calcined blend of tin oxide and dopi ng age nt. Table
VII details the compositions.

Table VII FSb FBi F V FLi

wi"
% S n Ol 33 3 1.9 33.7 9
%Sb,O, 2 -- - -

% B;10J - 3. J - -

% V~J - - 1.3 -

% Li ,D - -- - J
% F O 65 64.3 65 90

The results are given in Table VIII:

T"bIe VIII ResistiviJ)' Resistivity
11I 1J(rc (Ohtm-c..j a114il1'r 1hi 15 'l: (Olurrs-c",)

FSb 3-1 0° 1.4·10'
FBi 4·10'" 9·10'"
F V 5·10 '" J.4 ·10"
FLi 3·10'" 1.4 ·10"

It can be observed that the specimens doped with bismuth (III), vanadium (V) and
lith ium oxide d id not improve on the conductivity previou sly reached with composition
FS2. However, the specime n doped wi th antimo ny (III) oxide did exhibit an appreciable
improvement. The resulting product was a grey colour (a ceramic grey colour is cu rren tly
available of tin-an timony).

A se ries of compositions was prepared in which the effec t was moni tored of
incorporating fritted or subse que ntly added tin d ioxid e. as we ll as seeking an op timum
SnO, /Sb,O, ratio For this purpose, the tin and an timony ox ides were fritted together
wi th the other oxides in the reference frit. These compositions are detai led in Tabl e IX.
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Table IX FSl FS3 FS4 FS5 FS6
wt%

% SIIOl 35 addition 35 fusion 34 33 32
% Sh10 l 0 0 I 2 3

% PO 65 65 65 65 65

The resi stivities obtai ned are repor ted in Table X.

Table X Resistivity Resistivity
at 1l0"C. (OJ",u·cm) extrapolated to 15 "C (O lun..."cm)

FSl 5·10" 7-1 0~

FS3 5·10 1.5,10 '

FS4 3'10' 9 ,1 0'

FS5 3·10' I ' I O~

FS6 S-U)'\) 8' 10

Th e resis tivities fou nd w ith these compositrons did no t meet regul a tion
requirements. However, certa in conclusions were to be drawn.

With regard to the evolu tion of con ductivity with the SnO, / Sb,O , ratio, on raising
the ratio, resistivity dropped to a minimu m between ratios 34 /1 and 33/ 2, after which it
started increasing. The frits all exh ibited a grey colou r.

Co ns idering the resu lts of frits FS2 and FS3, it can be observed that the resulting
cond uctiv ity was high er on ad d ing SnO, d irectly instead of inco rp orat ing it in fritting .
Figures 5 and 6 present SEM images of specime ns FS2 and FS3 (35% SnO, as a direct
addition and in th e me lt respectively), showing the d ifference in SnO, di stribu tion. For
the molten specimen the di stribution was mu ch more uniform as a result o f fritti ng and
this difference m ight be the cause of the di fferen ce in behaviou r. Thus, on inco rporating
SnO, d irectly withou t fritt ing, a be tte r resu lt was obtained as regard s cond uctivity, while
also simp lifying frit processing as this oxide is very refractory (fusion T of 1650 °C).
Antimony (Ill ) oxide was added in fritted form as it produced problems as a resu lt of
degassing.

Figure 5. SilO! by direct addition
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A series of specimens was therefore prep ared in which tin was subsequently added
and antimony wa s incorporated in the fitting process together with the other composition
oxides; these frits we re referenced FSb (their composition varied in terms of the Sb,O, %l.
The composit ion proporti ons of SnO, and the frit, as we ll as the resisti viti es found, are
reported in Tables Xl and XII respectively.

Table XI FS7 FS8 FS9
..".-'

% sno, addition 34 33 32
% Sb~_f in frit FS b 1 2 3

% FS b 66 67 68

Table X II Resistivity Resistivity
III Iurc. (OIurrs"Clft) at""Poltlll4 to 25 "C (OIum't'III)

FS 7 4'10 6·10'
FS8 2·10' 5·10"
FS9 8·10 1·1 0

It can be obse rved that for the three studied compositions, the resu lting resistivity
lay in a ran ge that met regul ation specifications for the facilities described in the
introduction. wi th rega rd to the glaze .

A wh ite product was obtained, fritting was facilitated and properties we re he ld
steady, while obtaining a product with sufficiently low resistivity for the targeted
function.

The improvement in conductiv ity w ith regard to the values obtained for the
compositio ns only containing tin dioxide was related to the entry of Sb-3 ions in the
cassiterite lat tice. This doping, as the ionic rad ii of Sn" (0.69 angstrom) and Sb-'(0.80
angstrom) are di fferent, p roduced a lattice d istort ion that can be appreciated in the shift
in cha rac teristic cassiterite lat tice peaks in respect of the standa rd, (File 41-1445 JCP DS
Cassiter ite) in the XRD of Figure 7.
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As th e cos t of SnO, w as a factor to be considered, th e total proportion of SnO, was
redu ced in orde r to opti m ise it . Tw o co m positions were p repa red w ith SnO, doped
wit h Sb,O" ta king the re lat iv e t in and a n timony oxid e co m pos it io n of 33 / 2
(co rrespond ing to composition FS8) and keepin g it s teady, as thi s was co nside red to
a p p roach the opti m u m ratio . The compositions and results a re det ail ed in Tables XIlI
and XIV.

Table X III FS IO FSll
"'''4

% sno. uJdilitm 10 25
% Sh~O-' in frit F.\-" 0.6 1.5

% FSh gq A 7.1 .5

Table XIV Res;sti.';ly Resisti l'ily
ti t I J(rc. (Ohm:§-cm) , xtr tJPOl llu J 1015 'C (O l" " rtllf)

FSIO .1 ·10 1.6·/0 '
FSll q·IO 1.4·HI'"

The tendency exhibi ted by the results in di cates that ra ising the overa ll SnO,-Sb,O,
content improved glaze conduc tivity.

The com posit ion with 25% tin di oxide and the an timo ny (Ill ) oxide proportion
co rresponding to 33 / 2 exhi bited a cond uctiv ity of the sa me order as th a t obtaine d for
co m positions FS7 to FS9. Th e red uc tio n in the to ta l SnO, pe rcentage w as therefore
feas ible.

Figu re 8 shows the evo lu tion of e lectr ica l resi sti vi ty w ith tempera ture fo r
specime ns FS7 to FS9. The fig u re reveal s tha t th e dependence of resistivity on
tem pe rature a llows est imat ing the resist iv ity va lue a t room temperature w ith a
certain d egree of co nfid ence. Figure 9 plo ts the resistiv ity va lues ve rs u s the SnO,
proportion s in co m positions FS2 (0% SnO,), FS10 (l 0% Sn0 2 ) , rsu (25% SnO,) and
FS8 (35% SnO,).
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4. CONCLUSIONS

Fig. 9 Resistioitu us. 5" 01 %.

Three types of floor tiles were characterised, a white and a red stoneware tile, and
porcelain tile . It was shown that curren t conventional products do not meet th e
conductivi ty req uirement stipulated in th e MIE BT 025 regulations.

A composition was obtained and a method developed for p reparing a vitrifiab le
glaze that met antielectrostatic req uirements, based on the system SnO,-Sb,O" which was
classified as an opaque, white glaze .

In sp ite of not having obtained satisfactory resul ts in doping tin dioxide with other
oxides, this d oes not exclude other compositions from possibly doing better. There
remains th e possibility of using d ifferent proportions, doping TiO, or employing other
semiconducting oxides.
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