
CA STELLOK ( S I'A I ~J

MICROSTRUCTURAL CONTROL OF SINGLE-FIRED
CERAMIC TILE BODIES

~I.M. JORDAN", A. BOIX and T. SANFELIU
Ap plied l\lineralogy and Crystallography Research Gro u p Un ive rsitat [aurne l ,

Caste llo n. Spain
I. I\la . RIN CON and M. ROMERO

Lab . of Glass-ceramics
Inst. E. Torroja de Cien cias de la Cnnstruccidn, CSIC, Madrid, Spain

ABST RACT

After defi ni ng the main differen ces among: as pect. texture . m icrostructure and struc ture
of ce ra m ic til es . th e paper di scusses th e importance of ap propria te ly co n tro ll ing til e
mi cros tructure. Thi s is th e factor tha t most infl uen ces the tec hnological properti es . and in
particular th e mechanical prope rties . The mi crostructure o f floor and wall til e bod ies was
examined wit h a view to optim iz ing the gla ze/body in terphase in order to im prove th e
wettability bet ween both ti le parts . by mean s of the foll owing m icro scopy tech niques:

Sc ann ing electro n m ic roscopy (SEM). transmission e lectro n microsco py (TEM) and a
new m icroscopy technique: Atomic Force Microscopy (AFM) derived fro m Tun nelling
Microscopy (ST M). The s tudy det ail s the results obtaine d on usi ng TEM. SEM and AF:--'I
mi croscopy to examine surface and fracture areas of porou s. single-fired. white-firing ceram ic
bod ies.

1. INTROO UCT IO

Th ough porcelain tile pro duc tion is increas ing. s toneware products obta ined by last
single firing s till have th e largest share in pro d uction . the body or subs trate be ing th e
dele rmi n ing fact or in th e mechan ica l and tech nol ogical properti es o f th e resu lt ing ce ram ic
til es . Thus . flexural s trength an d water absorp tion are con tro lled ma in ly by the body
cha rac teris tics . The most im port an t cha racleris tic of th e body with res pec t to final til e
properties is tho " m icros tructur e» of th e fired body. namely: phase com position and th eir
in terre lati on ships (crysta ll ine . glassy and porous], which make up the body. Th e geometrica l
in terphase rel ati onships are also essen tial for defining the fina l m icros truc tur e . However.
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the ter ms: microstructure , as pect, text ur e an d structure are often confuse d by researchers
and technicians in industry.

On cons ider ing the magn ificat ion scale of a prod uct, the order from lower to h igh er is:

aspect---> texture---> mi crostructure--->structure

The first concepts rela te to the extern al appearan ce, colour, decora tion and extrinsic
charac teristi cs of the material, but the ter m «microstructure» indicates the in trinsic material
cha rac teri stics re lat ed to co mposition and techno logica l proper ties . The term «stru c ture» is
a concept that goes further and sho uld no t be applied to trad iti onal ce ramic prod uct s (as
mu ltiphase ma teri a ls), but rather is only meani ngfu l with regard to sin gle phases , whether
glassy or crysta ll ine.

Though di fferent methods are available for im proved microstructure contro l such as :
X-ray d iffraction , po rosimctry. etc. , the on ly methods directly allo wing th ese characteristics
to be visua lized is MICROSCOPY, in its wi dest sens e.

As gra in and phase sizes are nowad ays sma ller as a result of improved raw mate rials
processing techniqu es, Optica l Micros copy has becom e inadequate for in -de pth con trol of
ceramic microstru ctures, including the most traditi onal ones. Th erefore, Electron Microscop y
in a ll its forms is cur ren tly the best method for suita ble qu ali ty con trol of microst ru cture in
such materials and their by-products (1).

The research pr esen ted here is part of an ongoing, sys tema tic invest igation in to the
ap plication of di fferent e lec tron microscopy techniq ues, such as :

Sca nning Electro n Microscopy (SEM), Tran smission Electro n Microscopy (TEM) and
new microscopy techniques, suc h as Confocal and Atomic Force Microsco py (AFM), for
co n tro ll ing various typical subs tra tes or bo d ies used in ce ra mic floor a nd wall ti le
ma nufa cture in Cas tellon.

Stud ies have been publish ed on mi crostructural determin ati ons in ce ra mic tiles (2)
(3) (4), but the great va lue of the abo ve-mentioned metho ds for enhanced mi cro stru ctural
con tro l has not been suffic ien tly emphas ize d or recogni zed. Pragmatic technicians in the
ce ramic industry have for some time considered these method s to be ins truments that ar e
only used for pure scien ti fic resea rch , whereas they are viewed as ideal tools for better
microstructural con tro l of ma ter ials in techno logi ca lly advanced co untries. Moreover, such
ins tru ments are no w more much cost-effective with shorter pay-back periods tha n in the
past. as well as being relatively in exp ensive com pa red to other capita l in ves tments that are
usua lly req uired , an d are certa in ly a mainstay for laboratories in volved in quali ty contro l,
or research an d development.

2 .MATERIALS AND l'vIETH ODS.

The micros tructure of the fina l sur face and fracture area of a white-fir ing, s ing le-fired
ce ramic body (150 x 150 x 5 mm ) was inves tiga ted by SEM and Energy Dispers ive X-Ray
ana lys is (EDX), as well as by transmiss ion elec tro n mi cro scopy by the carbon an d tri afol ­
carhon replica methods. T he SEM/EDX procedure was run on a Hitach il Kevex 8000
configuration. Samples were used with and without che mical etch ing by hydrofl u or ic acid
(HF 15 'Yo ) for 60 s. The Brad ley method of replicat io n by carbo n evapora tion was also used
(5). After seve ral tests , the triafol-carbon double replica was observed to yie ld the best results
for tbese types of porous prod ucts. For the TEM in ves tigation , a Phi li ps 300 tran sm ission
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in strument was us ed. Th e resulting da ta from the examina tio n of the poro us charac te r of
these materials have been sum marized in Table l.

TABLE I. Severa l typ es of observa tions of mi crostructure ca rr ied out on porous fast
firing substra tes

SURFACE

FRACTURE

sam ple without e tch ing with etching

SEM X //////
TEM //1//// / / / X

SEM X 1///// / /
TEM X X

3. RESULTS AND DISCUSSION.

:1.1. Surface mi crostruct ure

Figure 1 shows surface microgra phs of a fired body. obta ined by SEM and TEtvI
mi croscopy. A high percentage of irr egul arly shape d and sized pores ca n be observed of
abo ut 5 urn at lower magnificati on s. The microstructure is layered with we athered-looking
material over th e la yer ed grains . indicating poor su rface cohe sion on thi s sca le . The
mi crostructure sho ws low sin teri ng at lower magnifications. However. at high er TE M
magnificati ons . th ere are large tabular crystals of woll as tonite and rou nded pri mar y m ullite
crysta ls starting their crys ta ll iza tion. embedde d in an incipient amo rp ho us matrix. This
phase co mes from the feldspa r co m po ne nts. which would be in an in termediat e glassy/
amorpho us s ta te .

3 .2 . Fracture mi cro st ru cture

Figur e 2 shows the obse rva tions ca rr ied out at lower magnifications by SEM and at
higher magnificat ions by TEM on the fracture surface without che mical e tching. A co ntinuo us
porous microstructure can be see n. in terconnected by solid bridges . In spite of th is very
porous mi crostructure. the non -porous ar eas are well s intered as is s hown in the TEM­
replica micrographs. Th ere are ovo idal. square-shaped or pseudo-hexagona l crys ta ll iza tio ns
embe dded in a co n tinuo us ma tr ix. As phase se pa ra tion was not clea r. e tch ing was ca rr ied
out to remove amorpho us phase. th us enha nci ng the contrast of more rounde d crysta lliza tlons
as Figure 3 sho ws . With respect to the microstructure obtai ned by HF-etching. a co m posite
mi crostructu re was observed by TEM. simila r to ceme nt/aggregate mi xes. In thi s case . the
wo lla stonite ph ase was embedde d in an amorphou s ph ase se parated in very s mall ph ase­
se para ted d rop let s. These dro plets could be pr imary mullite se eds that were not well
deve loped . th ou gh they were un iformly di stributed th ro ugh out the materia l.

Th e above observations have been co m pleme nted by those sho wn in Figure 4 . ob ta ined
by Atom ic Force Microscopy (AFM). AFM is a non-dest ructive techn iq ue which allows the
observa tion at high reso lu tion levels of materials at room temper ature and pressure (6). Its
basi c pri ncip le is th e use of the atom ic sca le forces be tween the samp le surface and the
a toms from the apex of a very sha rp ti p. carr ied by a ca n tile ve r. The ca ntilever deflect ion s
a re measured by two ph otodi odes. Thus. the tridimensional microstru ctu re or ro ughness
determinati ons can be produced by using low and high vo ltages applied to a piezoe lectric
ceram ic se nsor. lt should be highligh ted . that thi s is the first tim e that a t ile bod v has been
observed by f\ FM. Therefore. mu ch work mu st be carried ou t in ord er 10 hvco rno more
familiar with th e capabil it ies of th is no vel method for microst ru ctur e r." IlIr ' ,j o f cera mics .
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Th e capac ity of this technique for obta ining tr id imensional views is sho w n in Figure 4.

Due to th e hi gh roughness of fractur e there was a drag force on the tip giving rise to
low resolution in thi s case. Experimen ts are cur ren tly being performed by th e «tapping
mod e » method with th e aim of suppress ing thi s e ffect. Neverthe less . th ese firs t obse rvations
allo w id enti fviua th e ovoidal crvsta ll izations embe dde d in the amorpho us mat rix and the. " -
micro-d roplet mi crostructure detected by transmiss ion elec tron m icroscopy.

4. CONCLUSION

New views of the mi crostru cture of white ceramic til e bo dies obta ined by fas t s ingle
firi ng. used in floor and wall tile manufacture. have bee n obta ine d by elec tron m icroscopy
techniqu es, which now can be conside red not only as research too ls . but a lso as very va luable
instru ments for qu ali ty con tro l of ceramic micro structures. In th is case. primary mullite
forma tion an d very fine part ly reacted . rounded qu ar tz grains were observe d iu an amor phous
phase. Firs t observa tio ns by AFM were carried out and. in sp ite of th e need for more research
in thi s field . th is new mi c roscopy techniqu e . which has been derived fro m Sca nning
Tu nne ll ing Microscopy. opens up promising ap plicatio ns in ceram ics.
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Figure 1.- Electron micrographs fro m the surface ora white . fast -fired subst rate: a ] and III SE \ l and c) an d
d) TEM

Figu re 2.- Elect ron frac togrn ph s ob tai ned fro m a w hit e . fast-fi red subs trate : n] nnd b) 5 E1\.1 a nd c) a nd ell
TE~ l
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Figure 3.- Several areas observed by tra nsmission electron microscopy (carbon-replica ) from a whit e.
fast-fired substrate
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