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EMISSION AND ABSORPTION OF S-BASED
GASES IN CERAMIC TILES
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ABST RACT

Tile emission of sulphur-based gases during tile [iring process of red earthcmrarc ceramic
tiles, made of red clays from tile Apellllil1CS, was inuestignted ill detail.

Interesting and '1011-COI1Vt'lltiollal data werefound 011 al1alyzil1g tile kiln stack atmosphere
witil all EGA analuzer and eraluating the 5 content ill tile tile bodies (both glazed and unglazed).

The preSCllce of 50, was observed ill tile kiln atmosphere ill tile thermal ral1ge 500-11 40°(,
but 110 gas concentration was[ound ill tile neighbourhood of tile kiln stack.

However, a large sulphur content ,!'as detected ill tile tile bodies ill all tile kiln sections during
firing , ami CPt'll at tile end of tile process.

The study proposes a l1ew mechanism to explain these plle/lOlIle/la, based Oil sulphur
re-adsorption ill tile tiles, dept'lldil1g all temperature ami powder size ill the pre-heating stage.

INT RO DUCTI O N

Italian law on kiln emissions sets lim its for the various pollutants. The limits for the
SO, emissions are extremely low in view of the fact tha t th is pollutan t is very harmfu l.
Elimination of the pollu tant is therefore ad visable. The techniques in thi s field are alrea dy
consolidated and lead to h igher production costs.
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Sulphur-rich red clays from the Apennines are used in the production of floor and
wall tiles (Sassuolo ceramic district). In this case, according to the Law of 12 July 1990, the
limi t for SO, concentrations in the emissions is 1500 mg / m' . As the methan e used in the
plants has extremely low sulphur levels, the SO, content can only stem from the sulphur
present in the raw materials used. The sulphur conten t produces undesired effects in fast
firing (such as pinholes and increased black coring) II I, but it is not cons ide red to be a
hazardou s pollutant owing to its low levels 1'1.

This report sets out a study of the sulphur and sulphur compounds that are released
on fast firing Apennine red-cl ay mixtures with heat recovery from the flue gases.

EXPERIMENTAL

:>.IATERIALS

Several Apennine red-cl ays were stud ied . Table 1 lists the analysis of the clays used
and Tab le 2 gives some blend formulations with their corresponding sulphur content.

:>.IETHODS

In the first step of this investigation, diffe ren t tiles were prepared and fired in an
Explorer ERL 12-1200, thermal process ana lyze r. The heat-treatment cycle wa s the same as
the industrial cycle. The emission s were determined by placing an emission gas capturing
tube on the tile surface and reading the results with a de tector.

In the second step, the gases were analyzed inside the industri al furnace, in each
case extracting the gas and analyzing it with the same de tector.

Clay sio, AhO) Fc ;:OJ TiQ, CaD MgO K,O Na10 5 C L.O.I.
I · 58.7 17.9 6.50 0.80 1.9R 2.13 3.70 1.-t3 0.07 0.60 6.62
2" 52.3 19.1 6.80 0.75 2.65 3.15 2Al 0.92 <0.0 1 1.53 11.70

3··· 63.7 16.4 6.75 0.69 0.31 1.88 3.02 1.34 <0.0 1 0.25 5.10

Table 1 - Chemical allaly~j5 of tl m'c red clay s from the A pennines (u-t %J

1* = Catxdieri clay 2'" = 5. Leo clay 3"" = Vallo clay

ClaY I' Clay 2" Clav 3 '"
Blend no. I 65 35 0
Blend no. 2 75 25 0
Blen d no. 3 53 37 10

Table 2 - TypiClll lJ/m ds for red singh' firing (let %j

RESULTS

During firing in the laboratory furnace SO, levels were established as a function of
the furnace tempera ture. In Fig. 1 (blend no. 3), the emissions peak at 900°C with a total
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content correspond ing to the 5 level present in the blend as sulphides. No black core was
found in the fired materia l.
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FiSlfrc 1 - Sulphur dioxide ell1 i:"o ::. i(l ll ~ ill the lnbomtoruturnnce.

In the indu stria l kiln wi th flue gas recycli ng, gases were released at a tempera ture o f
almos t 400°C, as reco vered ga s heat in cou nterflow is used to hea t the p roduct d u rin g
firing. Flue ga s ana lysis in the stack showed no presence of SO,.

A close connect ion was fou nd between the laborator y and industria l kil n emissions,
in both cases with no S0 , p resen ce at the stack. To explain these d ata, two hypo theses
were consid ered:

• A reaction between S0, and the fu rnace wall s;

• A reac tio n between S0, and the material being fired .

Th e first hypothesis was discarded beca use no ev idence was fou nd of sulphate
com pounds on the furn ace w alls .

The second hypo thesis was verified by ana lyzing the prese nce of su lp hates in the
fired materials.

The analyses were cond uc ted on the powdered tile s treat ed with diluted
hydroch lori c acid and ad ded to a Ba50, solu tion. Th e results were consis tent w ith su lph ur
p resen ce in the raw materials (see Table 3).

S % in green body S % in fired body
SO,

-
% found Calculated S %

Blend no. I 0.048 0.05 3 0.1531 0.05 1
Blend no. 2 0.055 0.062 0.1826 0.060
Blend no . 3 0.042 0.046 0.1256 0.045
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In view of the above dat a, the ass ump tion was made that SO, reacts with the piece
during the firing p rocess, probably wit h the highly reactive products crea ted by the
break-up of the clay lattice at low temperatures (500-600°C). Moreover, a SO, reaction with
Al,OJ can be suggested, owing to its strong basic cha racteristics. .

CONCLUSIONS

The resu lts can be sum marized as follows:

• In the lab oratory kiln, S0, was observed to develop in the 600-1000°C range;

• In the industrial kilns, the presence of S0, is compa rable with the laborat ory dat a;

• No presen ce of black cores was ev idenced in the fired tiles;

• S0, was not p rese nt in the stack flue gases (abou t 400°C);

• Su lpha tes, which were absent in the raw materials, were found in the fired tiles,
suggesting a reac tion be tween flue gases and unfired tiles.
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