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INT RO D UCT ION

Severa l in vestigati on s have been devoted to the sin tering of technical cera mics by
means of mi crowave ene rgy ll.2.JI. The so-called "no n-therm ic effects " of thi s kind of ene rgy
so u rce ge ne ra lly lead to a more homogen eous mic rostru cture and absence of residual
st resses in the fired bo d ies. Moreover, the sa me den sification degree as of the conventiona l
rad iat ion /convec tion firin g is promoted , however, in a range of 200"C to 300"C lower
temperatures, in 50% shorter firin g cycles.

Microwave ene rgy heat ing is due to the d ielectri c relaxati on of ceramic materi als in
the region of high megah ertz to medium giga he rtz frequen cy. It may be produced from
capaci tive or cond uc tive phenomena. Most of the reported wor k on the use of m icrowave
energy in ceram ic sinteri ng is related to high performan ce cera mics for which di electri c
losses as a fun ction o f temperature are well kn own. For clayey materi als such as vitri fied
stonewa re floor tile m asses appa rently no pertinent d ata hav e been presented , nor with
respect to cha rac teris tic, p rocessing beh aviour and final properties of typical mass es.
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Based on results obtained for technical cera mics, this work investigated the use of
microwave sintering of a commercial glaze d vitrified stoneware floor tile mass (3 to 6%
wa ter absorp tion), compa red with conventiona l sing le fast firin g of the sa me body.

It was found that bodies fired under microwave ene rgy d isplayed mu ch higher fired
ten sile streng th, lower water absorption and shrinkage, compared with the conventiona l
sing le fast firin g process. Addition ally it was found that the glaze microstructure is less
porou s and the pores are sma ller, while the bod y / glaze interface is be tter defined and
stronger. All these good characte ristics were attained at ap p rox ima tely 100 °C lower
temperatu re in at least 25% less firing tim e.

MATE RIALS AND METHODS

The Mass - The investigated mass was a proprietary com pos ition of vitrified
stone wa re floor tile typ e of comme rcial g rade produced by Ceram ica Eliane from the
Sta te of Santa Cata rina Brazil.

The Specimens - Cy lind rical specimens of 2.5cm di am eter and 0.5cm th ickness
were prepa red under 45MPa pressin g pressure of the spray-dried mass. The
res ult ing as- presse d den sity was aroun d 1.92g / em", The Glaze was applied by
sp ray ing.

The Firi ng Schedu le - The firing sched ule used for the microwave sin tering
cons isted of a heat ing rate of 50"C/ min. from room temperature to 800"C; from
800"C to 101O"C a heat ing ra te of 20"C/ min was used , followed by natural coo ling .
In this case the total firin g cycle took 32 minut es.

On the other hand, the firing sched u le used in conven tional single fast firin g was
50"C/ min from roo m temperature to 11 50"C in an electric furnace, with a residen ce
time of 3 minutes, an d coo ling rate o f 50"C/ min by forced convec tion.

The Microwave Furnace - The microw ave oven used was of a domesti c type
po wered by a multimode 950 Watt magnet ron , working under 2.45 GHz freq ue ncy.
The power was delivered by a wave phase con tro ller. The temperature was
evaluated by a shielded and g roun de d K-ty pe therm ocouple. Silicon Carbide
susceptor ba rs were used to help heat up the pile of specimens (stack of th ree), in
orde r for them to start coupl ing with the microwave field .

Pro pert ies Evalua ted - Vitrificat ion Beh aviou r (Water Absorptio n and Firing
Shrinkage), Frac ture Streng th (Brazilian Test), Microstructure Features (Op tical
Mic roscopy).

RESULTS AND DI SCUSSION

Figure 1 shows the vitrificat ion diagram s for the microwave sintered and the
conve ntiona l fired spec ime ns . It is clea r th at the microwave sin tered specime ns matu red
at lower temperature prese nting lower va lues for firing shrinkage at the op timum firing
tempe ra tu re, the sa me occu rring for water absorp tion.
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Figures 2 and 3 show that the body, glaze, and interface reg ions exhibit bett er
characteristics for the microwave processed specimens, than for the convent iona lly
sin tcred ones. The body see ms 10 be denser, the int erfa ce smoothe r and the glaze more
homogeneous and dense. The respec tive glaze bulk appearances can be better appreciated
in Figures 4 and 5. It is clear that the microwave processed spec imens have a smaller
volu me of pores an d which are of smaller dimen sion s. .

To conclude Table I presents the respective fracture streng ths for spec ime ns fired at
1050°C (optimum firing temperature for the microwave processed specimens), and
1150°C (opt imum firing temperatu re under conve ntional sin ter ing ). It can be seen that the
microwave processed specimens present less deviation , and are stronger when fired at
100°C lower tempera ture compara tive ly to the conven tionally sintered spec imens . A
d rastic decrease in st rength can also be noticed at 1150°C for the microwave sintercd
specime ns, wh ich confirms the ove rfir ing d isp layed by the vitrification diagrams.

Strcnuth (l 050' Cl MPa Strenzth (1150°Cl MPa
Microwave Processed Bodies 16.3 + 4. 1 4.1 ± 1.2

Conventional Processed Bodies 9.7 ± 1.9 20.1 ± 7.6

Tabh' I. Fmctun' Stn'lIsth!j Vt'r:, IIS Temperature offirillg for the two diJferCH t jir illg procedllres.
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fig. 1. VitrifiCll timl Didgrllm~ for the Collt'C"tiOlrally and ,'\·1icroU'Qn'fin ·tf spt"cimells of pitrifted floor tilt- coml'(l~itj(HI .
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Fig. 2. Optical Micmsrnpll displaying file ,O;:Cl/("O / a~l't'cts of glau lt'ody illtafaCt' in a pi/rifted sttllh'ware floor tilt, mas:'
sing/tOjim/III/tiff ", icnnc(ll'l'mcySY at 1050"C during 3 minutes. Ht'lltillg rate 5WC!millltft'.
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Fig. .3. Optical Micrograph disl'Jllyil1g ti't' Sl'lIl'rtl/ll:']Jj'(/ :;O I~rgla:ef/ltJdy interface 111 a t'i t r ~fit''' stoneware floor tile 1II1l~~ fa..;!
fired at 11 50"C dllyillg 3 minutes in v ctHm 'lIfimUlI clctrtc[urnace, Jl('(lt i1Jglcoolillg raft' used 1(111550"C/m;lIIlIl' .
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Fig. 4. Opt ical Micrograph showillg til l' gt'1lt'ral "spect..of gJazc/I'ody interface und glaze bulk. of a sillgle fired g/oud
11;trifi t'd sfn" t"wart' J10M lift> mass under ",icrowal't' energy at 1050"C

for 3 l1lil1llfcs under 50 "C/ mhlUlt' Jwating raft",
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/-';x-5, OpticalMicrograph sJlOwi l/g till' generot tI~ l't'cts Ofx1az.d/Jody interface amiglau bulk, of {/ sillSl" fired ill a
COIwt,,,timwl {litrified s lazed sionetrare floor till' mass ill ((ltIl't,,,tiOltal eietric funmcc duritlg 3 minutes under

!Icatillg!roo/illg raft' of SO"Cl mhl I I It'.
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