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1. INTRODUCTION

Flu orine is released in to the air in th e form of d ifferent co m pound s (H F,F" SiF"
H,SiF". e tc.) in many indust ria l processes. In ce ra m ics, fluorin e is released on firing
seco nd a ry cla ys, w he re it can rep lace the O H or H,O of th e forrnu lable illit e
(K,H,O)A\(OH,Hp,F),AISiPHI pointing up the reti cular relationship of F ,OH- and l-lO.
F-,OH - and H,O. Th e fluorid e conte n t in the red cla ys used in Castello n var ies between
600 and 1200 ppm, w hi le tha t o f the whi te clays does not exceed 600 ppm. However, th e
defect o f ca lciu m ca rbona te in th ese inhibits re tention in th e form of Ca F,: firing em issions
in a ll th e cases exceed 10 ppm and reach up to 80 ppm.

Al th ough Spanish legis lation (RD 547 /79) limits tota l fluo rine em tss ton to 80
mg / Nm ' , th e Eu ropean Ce ra m ic Tile Manu facturers' Fede ration (CET) approved ce rta in
env ironmenta l requi rements acc ep ted by th e Span ish Ce ra m ic Tile Manufacturers'
Associa tion (ASCE R) as CET associa te, which restrict the total flu orine em iss io n in firing
to 10 mg / rn' , A t th e presen t time, the ce ram ic in d ustry mee ts th e Spanish lega l em iss ion
requirement o f 10-50 mg / Nm' but not the CET ag ree men t, or the limit em iss ion values o f
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the man dat ory report of 31/10 /2001 to the EU Co mmiss ion es tab lishe d by Directive
96 /61 Integrated Prevention and Pollu tion Contro l (IPPC).

Fluo rides are qu ickly absorbed by the vegeta tion, p roducing foliar d amage and
reduced grow th, even at conce ntra tions as low as 0.1-0.8 mg / Nm' . Ca ttle also suffers
locomotor and dental (fluorosis) dysfun ctions whe n food contains of the order of 40 or 60
ppm in iluoride. The practice of wa ter ilu orid ation (1 pp m) for human tooth decay
p reventio n. . altho ug h confirmed by the ret icu lar reinforcement of dental apa tite with
fluoride reti cu lation, is a source of scientific and political controversy due to the ar ising
d amage in th e middle term caused by the exposure to fluorine. Inorgan ic fluorides such
as NaF, BaSiF" Na

3
AIF" and Na

2S
iF, ha ve been used as insec ticides by ingestion; NaF fell

into d isuse ow ing to its toxicity in plants and high so lubility, as the com p lexes slowly
release fluoride which remains effective for lon g peri od s o f tim e. Th e toxic ac tion of
fluoride is linked to the formation of comp lexes and, therefore to inhibi tion, of va rious
biometalli c enzymes (Fe.Ca.Mg).

2, OBJ ECTIVES

The present w or k sets ou t the monitoring of fluoride perfor med in the Castellon
ceramic area, where in connec tion w ith the cera mic cen tres, the normal va lue of 2mg / kg
is exceeded in so ils. In accordance with these data, possible minimisat ion stra teg ies are
analysed rega rding fluoride emissions : (a) che mical adapta tion of the ceramic body, (b)
ada p ta tion of the kiln atmosphe re for direct heat recovery.

3. EXPERIMENTAL

Fluorine con tent an alysis wa s monitored in soi ls of the Castellon ceramic di st rict in
the hyd rological year 1999-2000, with three campa igns in February, May and Sep tember.
The soil co llected in non cu ltiva ted areas at a depth of 5 cm was sieved to 1 mm and dried
in air (STSA), then mi xed with w ater in a proportion 1:5, analysing flu orine by the
selective elec trode method in a buffered medium. Tab le I presents the results obta ine d in
the three campaigns at the 28 samp ling points: it shows tha t there is a clear connection
between the ceram ic tile environment and the presence of fluorine in th e soil, which
widely exceede d the 2 ppm value cons ide red normal in th e literature, and find ing a va lue
of 23 in the refe rence so il. The study of tluorine em ission produced by clay materi als can
be followed by mass spec troscopy ada pted to a DTA-TG system of the gas em ission of the
fired material, which exhibits a tw o-step mechanism : (a) clay deh yd roxylati on by siloxa ne
bridge forma tion -Si-OH +F-Si ---> -Si-O-Si- + HF(g), this process occurs between 450 and
750"C with em ission peaks around 2 mg H F/ kg clay, (b) decomposit ion of the flu oridated
compound arising at the clay part icle surface by reaction w ith water -Si-F+ F-Si- + H

2
0 --->

-Si-O-Si- + 2H F. In ge ne ral the Si-F bo nd is very stable and can rema in in atmospheres
witho u t wa ter a t high temperatures. If the water conce ntra tion is less th an 3% in the kiln
atmosphe re, emission can take place in the form of SiF" though th is is not usual in ceramic
ba tches. In this second step an emission peak wa s detected at l100"C of around 4-5
mgHF/ kg clay'".
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Sa mnle Environment I \" Camnaian 2"" Camnaian 3'" Camnaian
I PR I 25
2 PR 12 4 4
3 PR 24
4 PR 14
5 PR* 10 27 10

I 6 I PR* 6
7 I PR 21 20 4
8 PR* I I
9 E+PH. 77 llll 76
10 PR l'

-~

I I E+PI{ I 28 20 32
12 PR I 43 38 18
13 PH. 14 27 32
14 PR* 14
15 PR* 10
16 PR* 3
17 PR I I 32 67
18 PR 15
19 E 6 3 I
20 E 15 5 4
21 PR I 9 11 3

I 22 E 6 7 22
23 I E-cPR 21

Reference I 2 7 2
25 PH. 44 I 42
26 PH. 22 49
27 E 13 I
2X E 22 4

Table J. H nornu: conten t (p p lII), Ca:-td ltiJl ceramic district soils U 999-200() .

Environment: PR(Floor and wall tile indust rial estate ), E(Glazes),(*)ou tly ing poi nt in
rura l su rro und ings.

The first HI' emission peak an d SO, emission overlap betwee n 400-600"C w ith a
peak a t SOO"C of 0.5-1 m g /Nm ;, the thermog ram indica ting two reaction s teps: (a ) pyrit e
oxidation FeS, +0 , ~FeS -cSO" be tween 400 and 600"C, (b ) su lphura te oxidation to
hematit e 2FeS -+ 7120 ,~ Fe,O. '; 250, between 600-650"C; the S0, also reacts w ith the clav
ma terial producing su lphates that break d own in the 8S0-9SC)"C range with weake'r
em issions of 0.1-0.2 mg I Nm 3 occu rring. Bo th em issions fo rm the acid emiss ion of ce ram ic
fir ings with emission factors ra nging from (U -0,3 gHF Ikg cla y and 3-5gS0,lkg clay. The
so lu tion to these em iss ions is the use of a bag filter or e lectrosta tic abatement system with
previously m ixed alkal ine ne ut ra lising agen ts such as CaO, Na HCO, o r Ca CO;.

4. CONCLUS IONS

The fluo rin e leve ls in th e Cas tellon ce ra mic a rea exceed the normal va lues and are
rela ted to the aci d deposition of the ceram ic tile indust ry. To red uce these emissions and
to red uce the treatment cost two work stra tegi es can be es tabl ished: (a) ada pta tio n of the
raw materia ls in pyri te, su lph ate and fl uo rine con ten ts, particul a rly rep lacement of ta lc by
cla ys with a low fluorine conten t and grog reuse o r the ad d ition to the bod y of ac tive
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calcite, (b) the emission analysis indicates that in the cooling sta ge after 1000"C in a sing le
deck kiln , besides losing a considerable amount of recoverable energy (p ractically 250
Kcal/kg), 50% of the fluorine and S02emissions could be avoided

Ackno wledgements: the au tho rs thank ClCYT for financing the work to (project
MAT98-0392).

REFERENCES.

[11 D.C MC CUI'\E Yotr os, "Sym posium on Fluorides", Environ. Sci. Tech. 3(1969)720-735.

[21G. ~10NROS, J.CARDA, M.A. TENA. r. ESCRIBA:"JO, J.ALARC6~, Efecto de Ia adicion de fluoru ros sobrc 1.1 sin tesis
del az ul de va na d io y circon.

/31G. DEHl\'E , Relationsh ip be tween tlu orine em iss ions d uring firin g of cera m ic prod ucts and the tir ing tempera ture and
composition o f raw materi a l, App. Clay. Sci" 2(1987)1-9.

[-II J.P.5TOR ER·FOLT, O.J. CCX>PER, E. BOECK, Fluo rine release in a brick tu nnel kiln, Coram. Bull , 71(1992)630-638.

Po,.; - 22


