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SUPPRESSING BLACK CORING IN SINGLE-FIRE
CERAMIC TILES BY CONTROLLING KILN
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Ce ramic tiles p roduced by single fir ing using eve r-fas te r sch edu les are more
susce ptib le to the appearance of bla ck core. Thi s defect in the body occurs w hen not a ll
the oxi d isable ma tter co n ta ined in the clays has oxidised. A d ark core thus ap pears in the
tile. Th is im pairs qu ality, and af fects d im ensional characte ristics and porosit y. However
the oxidation rate can be ra ised by in troducing into the kil n a highly ox idising
a tmosphere based on oxygen.

To do this an industrial composition was studied, p roduced for fas t single firing in
a roller kiln . It was found industriall y tha t th e compositio n exhibite d black co ring in the
form of a dark co re when one of the clays in th e com position was replaced by another. As
the use o f this o ther clav was mo re feasib le econornica llv, it was decided to studv the
cause of bla ck co re for ma tion, and a ttem pt to so lve the problem by ad jus ting th~ kiln
atmosphere.

The sa m p les were charac te rised by the rmod iffe re ntial ana lys is (TDA),
thermogravimetric analysis (TCA), X-ray diffraction (XRD), X-ray fluorescence, scanning
electron microsco py (SEM), energy-d ispersive X-ray ana lysi s (EDX), and mercury
porosimetry. The TDA and TCA ru n on the sam ple allowed ana lys ing the temperature
ra nges and a tmospheres in w hich the main oxid a tion reactions arose. The res u lts showed
that a ll the mass loss took p lace in the range 500-900°C. Thi s was therefore to be the
temperatu re interva l in wh ich the kiln atmosphere needed to be con trolled to su pp ress
black co ring.
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The phases present in the sample were identified by XRD before and afte r firing,
revealing wh ich phases were responsible for the black core.

Chemi cal ana lysis by X-ray fluorescence sho wed the d ifference between the two
composition s with rega rd to the iron oxide and organic matter content, which were
present in g reater proportion s in the trial composition.

SEM and EDX indicated the microst ructure of the sample affected by the defect. The
region containing black core was observed to be more porous.

Heat treatments were run on the basis of th ese data, invo lving di fferent
atmosphe res for elim inating the black core in the trial composition. An electric MAITEC
kiln of the closed chamber typ e (80 x 150 x 240 mm ) was used , with contro lled
atmosphe re and temperature, in wh ich test bodi es 50x100xlOmm of the two compositions
be ing stud ied were treated, after undergoing indus trial pressing and glazing, under
various firing condi tions. Controlled flows of a mix of oxygen and nit rogen of con stant
composition were continuou sly injected into the kiln for each series of expe rime nts. The
gas flow rate was contro lled by a rotameter.

The test bod ies were placed in the kiln, wi th atmosphe re injection via an a luminium
tube as shown in the schematic of Figure 1.

Figure 1. Experimental set-up of the samples ;11 tilt' kiln.

It was not possible to tota lly reproduce the firing cond itions found in ind ustry
owing to facto rs such as: kiln volume, number of fired tiles, and main ly the short firing
cycle. The results ob tained may the refore d iffer from indus tria l find ings.

Different flows of the N,-O, mix were used to determine the minimum oxygen
pressure required for eliminating the defect (see Figure 1).

The results found under the conditions ind icated for the trial composi tion, since the
reference composition d id not exhibit this defect, can be visu ally observed in the test
bodi es or in the plot shown in Figure 2.

The experiment was started as a result of a critical condition in which the region
affected by black coring was abo ut 36% of the sample. By add ing oxygen, the oxygen
pressure can be optimised to wholly suppress black coring, when the oxygen is suitably
distribu ted inside the kiln.

Thus, the total oxygen volume injected into the kiln can be calculated, which
correspond s to the exposure time to kiln atmosphere for a given volume of fired samples.
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Figure 2. Ei lO/lltio ll t~f the elimina tion tV"black core 115 a[unction tlf atmospherefor lht' trial composition.

As a result of the se cha racterisa tion d ata, and verification in the laboratory
s im u lat ion kiln of the effect o f oxygen atmosphere on elim ina ting black co re.
implementation was started in a roller kiln on an industrial scale.
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