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1. ABSTRACT

Flue gasesfrom ceramic tile kilns usually contain highly 1'tlryillg proportilms ofhydrofluoric
acid (HF), hydrochloric acid (HC/) and sulphur dioxide (SO,!.

The traditional gas cleaning method has innolucd illjectillg pon-dered slaked lime (ca lcium
Ilydroxide- Ca(O H),) ill the gas stream, subseuuenth; clunintuins; the dust ill a bag filter alld
recovering the reaction salts. This method is Ilighly selective with HF but provides Imp yields ioith
HCI and 110 yield at all with SO" evell 011 proportioning extremely high stoichiometric ratios.

The proposed sys tem lises powdered sodium bicarbonate (NaHCO) as a reagellt, u-hich ivas
SIIOWIl to provide very good remoral yields for the three polluian! compounds, ill practice bl{ lisillg
stoichiometric ratios close to un itv.

III tum, the proposed cleaning facility presents Ilew solutions such as: use of the flu« sustcn:
itself as a reacto/; empim/illg for fi lial dust cteaning all electrostatic precipitator that rllll S at high
temperatures with very little charge loss, and usillg all on-line HF allalyser to minimise l{'aste salt
production.

The system allows reusing waste flue gas heat, since remaining acid pollu tnnt
concentrations are so small that /10 risks are inrolrcd for production [acilitic».

2. INTRODUCTI O N

The po llutants typi cally encountered in hot gas emissions in the ceram ic industry
are usually composed of fluor ine, ch lor ine and su lphu r in a gas phase.

Fluorine comes es pecially from the clays, and ap pea rs in the clay crys tal struc ture
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as a result of an ionic substitu tion phenomenon owing to size similarity between F and
OH ions. The fluorine emi ssion is produced by the break-up of the clay mineral struc tu re
in the firing process at temperatures above 500-600°C.

The chlorine compounds can come from many sources: from chlorides in the water
used as a raw ma ter ial, from addi tives employed in glaze prepara tion and application
processes, etc.

Sulphur compo unds can ar ise as a result of employing fuels containing sulphur as
an impurity (on using natural gas or propane, this contribution is insignificant), or from
impurities in the raw materi als, mainly pyrites (iron sulph ide) or gy psu m (calcium
sulphate), and from sulphur in the wa ter (d isso lved su lphates) .

2.1. AIR EMISSION LEGISLATION

2.1.1. LEGISLATION IN THE EUROPEAN UN ION

Table 1 presents a summa ry of the emission limits in certain European countries, in
which important differences and pecul iarities can be observed .:

- In some countries like Belgium and France, particulate emission (d ust) limits vary
in terms of the flow rate emitted particulate ma tte r, so that the concen tration limit
is brough t down on raising particulate ma ss flow. The upper and lower
concentra tion limi ts in these two countries coincide, and for emission sources
with a flow rate exceeding around 7000 Nmv/ h, the applicable limit is 50
mg / 1m3.

In Italy, in the Emilia Rom agna Region, a spec ific legislation has been drawn up
for tile manufacturing and ceramic frit producing companies. Thi s legislation sets
the strictest emission limi ts to be found in Europe regarding air pollution for this
industrial branch.

- The SO, emission limit in Germany varies accord ing to the su lphur conten t in raw
materia ls.

- Table 1 clea rly shows how Spa nish legislation lags behind that of the major EU
States.

As Table I indicates, particu late emission limits are usually exp ressed in
concen trations, although there is a tendency, already applied in some coun tries, to use
emis sion or mass flow facto rs (emitted quantity per unit product), and to express the
concent rations at a given oxygen content in the flue gases, to avoid the d ilution effect that
arises on expressing the emission in concentrations.

On the othe r hand, it is to be noted that emission limi ts are not inva riable and that
the trend in the European Uni on is the progressive implementation with newly appearing
technologies of ever-stri cter requirements, an d harmonisation amo ngst EU Member
States. This approach ha s recentl y led to the publication of Directive 96 / 61/CE on
Integrated Pollution Prevention and Control OPPC), which underscores the importance
of the BAT (Best Available Techniques) conce pt. In thi s sense, d iscussions on the
applicab le BAT for each ind ustria l branch are going to play a key role in defining
emission lim its.
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F. cuus vron la<;lof or ma~s n"", rate I l~ hI (I ) (, la ~ sulphur content <- 0 .1. B

CO ill\TRY PARTICULATES SO~ ~OX (HCI) (II F) co
rousn /50,1 /1"0,1

GE R'IA:liY 50 500 (I) 500 30 5 ·

1500

RELGIU'I 50 (F>O.5 kg h) 500 500 30 5 100
(F la nde rs) 150 IF<0 .5 kg/h)

S I'AI" 150 4301 '" . " '" "" v • •

FRA~CE 50 IF> I kg/h l 50n 5011 50 5 ·

150 IF<I k" ih)
GREE CE 1011 350 · ~II ·

1I0 LL \ :li1l 10 100 lOO 30 5 ·

ITALY 30 milling and spray .
( Emi lia drying · . 5 ·

Rom agn a) 10 pressing and glazing
5 tiring tile

30 fusmu frits

PORTl G.\L 150 15011 · . 50 ·

UlIi lTED 50 1500 · 30 5 200
I' I"G IIO \ I

. . ,.

2.1.2. SPANISH LEGISLATION

Anne x IV of Decree 833/ 75 es tab lishes air pollu tant emission levels for potentia lly
a ir-polluti ng industries. Th e ceram ic branch is specifically mentioned in Section 10, but
the only polluti on referred to in this case invol ves d ust emissions.

The emission limits se t in Decree 833/75 are detailed in Tables 2 an d 3. The limit
currently applied in practice in Spain appears in these tables as the predicted value for 1980.

Emission levels (m2/Nm3
)

Existing New facilities Prediction for 1980
facilities

Dust 500 250 150
ermssron

r" blt· 2. Section 10 of A llIlt'x /v tlf 0 833175. Ccm mice

Pollutant s Measurement units Emission levels
Part icu lates mg/Nrrr' 150

SO~ mu/Nm' 4300
CO n.p.m. 500

NO, (meas ured as NO~) p.p.m . 300
F IOtaI mg/Nnr' 80

CI mg/Nrrr' 230
IICI mg/Nrrr' 460
SH ~ mg/Nnr' 10

Td blt- J. Section 27 { ~f A ll/leX IV (~f D8331; 5. Ccnnnics.
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2.1.3. CET ENVIRONMENTAL REQ UIREMENTS

CASTIl l 6N (SPAIN)

The European Ceramic Tile Manufacturers' Federation (CET), to which the Spanish
Ceramic Tile Manufacturers' Association - Asociaci 6n Espanola de Fabricantes de
Aulejos, Pavim entos y Baldosas Ceramicas (ASCER) - belongs, ha s drawn up and
approved environmental requirements to be met by European ceramic tile
manufacturers by the year 2000. These requirements are subsequently to be pe riodically
reviewed.

The environmental requirem ents include limits on: air pollutant emissions, water
consumption, pollutant discharge in wastewater, energy consumption and minimum
levels of waste recovery in the ceramic process.

The most important of these requirements from an air pollution point of view are as
follows:

- Air emiss ion limits, see Table 4.

- An ene rgy consumption limit, which sets a primary ene rg y spe cif ic
cons umption of less than 12 GJ/ t of product, where total primary ene rgy
(thermal and electric) is calculated re lative to finished produc t mass on a yea rly
ba sis.

Pr~ .tage

I
Partic1llates I F1lUlriBe • OF

I(m&INm) (.&lNm)
Milling. fanning. etc. 100 -

Spray drying 75 -
Glazi ng 20 -
Firing (values expressed at 18% of 0 ,) 25 10

Table 4. CEr environmental requirements l11 air emissions

It can be observe d in Table 4 that one of the requirements is limiting fluorine
emissions in the flue gases produced on firing ceramic tiles.

3. THE NEUTREC CHEMICAL PROCESS: COMPARISON WITH OTHER DRY
GAS-CLEANI NG SYSTEMS

A descrip tion follows of the chemical neutralisation process of the acid constituents
in the gases exiting the kilns by means of d ry systems. First, the theoretical stoichio metric
ratios are presented. Subsequen tly, on the basis of experimental data, the excess reagents
are derived and hence neutralisa tion salts production, needed in pract ice to achieve
targeted cleaning levels.

In order to have a refere nce point with which to compare these da ta, all the ratios
we re evalua ted for a d ry sys tem using sod ium bicarbonate and for a trad itional system
using slaked lime (calcium hyd roxide).

To determine the ar ising reactions, the acid pollutants contained in the gas strea ms
we re assumed to be HF, SO, and HC!.
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The EUTREC chemical process is patented as detailed in the references.

3.1. REACTIO N STOI CHIOMETRY

3.1.1. SODIUM BICARBO NATE (NEUTREC')

Using sod ium bicarbonate (NaHCO,) as a reagent, the pollu tant captu ring reactions
are:

a ) HF + NaHCO,

b) 50, + 2NaHCO, + If, 0 ,

c) HCI -e- NaHCO,

-

-

'aF + CO, + H,O

Na,50 4 + 2CO, + Hp

NaCl + CO, + H,O

Taking into acco unt the above reactions yie lds the following stoichio met ric reagent
consumption rat ios :

a) Ig HF x Imol HF Imo! NaHC0 3 84g NaHC0 3x x
109 HF l mol HF Imo! NaHC0 3

b) I ' SO, x Imol S 02 x Imot NaHC03 84g NaHCO,x
g - 64. lg so, l mol S02 Imol NaHC0 3

= 4.20 g NaHCO,

= 2.62 g NaHCO,

) 1 HCI Imo! HCI . Imo! NaHC0 3 84g NaHC03
c g x x x ..,.-:.:.,-;,.,.,-;= ;::-

J6.5g HCI l mol HCI Imo! NaHC0 3
= 2.30 s NaHCO,

The indust rial purity of the sod ium bicarbonate used exceeded 99%, so tha t for
p roportioning purposes it can be cons ide red 100%.

The sa lt production stoich iome tric ratios are:

Imol HF Imo! NaF 41g NaF
a) 1gHF x ....,.".....,..,,=- x X ..,.--'''-:-:-7""':'

109 HF l mol HF Imol NaF
= 2.1 0 g aF

b ) I gSO, X Im o! S 0 2 X Imol Na2S0 4 x /41.lg Na2S 04
M .lg so, Imol S0 2 l mol Na2S04

c) I gHCI X Imo! HCI X Im" / NaC I X 58.5g NaCI
J6.5g HCI Im o! HCI Im o! NaCI

The non -reacted reagent is found as follows:

=

=

2.22 g Na,SO.

1,60 g NaCI

d ) 2NaHCO, - Na,CO, + CO, + H,o

Im,,1 NaHC0 3 x Imo! Na2C0 3 X I06g Na<C0 31g NaH CO, X ...,,-,....,..,.-:-:-:=-::-_
84g NaHC0 3 ! mol NaHC0 3 Imol Na2C03
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3.1.2. T RADITI ONA L CA LCIUM HYDR O XID E SYSTEM

Using powdered calcium hyd roxide (Ca(O H),) as a reagent , the pollut ant capturing
react ions are:

a) HF + -t.Ca(OH ),

b) SO, + Ca(O H),

1/ , CaF, + H,O

Ca50 J + H,O

This reaction is 1I0t real. since at workillg temperature calcium sulphite is found ill a
hemihudratcform, so that tile reaction (waterforming. part of CaSO, . '/, H,O is lost b,'yolld
250°C):

so, + Ca(OH),

c) HCl + 1/, Ca(OH),

Ca50 , ' -t,H,O + 1/, H,O

1/ , CaCl, + H,O

Til li s, bettocen 30 and 200 °C, calcium chloride appears ill a dehvdrated form and therefore
tile actual arising reaction is:

HC) + 1/ , Ca(OH), + H,O 1/ , CaCl, . 2H,O

Taking into acco unt the forego ing react ions, the following reagent consu mption
stoich iome tric ra tios are found :

a) l g HF Imol HF 1/2mol Ca(OH)2 74g Ca(OH)2x x x
20g HF Im o/ HF Imol Ca(OH)2

b) Ig SO, X
Imol S02 Imol Ca(OH)2 74gCa(OH)2

X X
MgS0 2 Imol S02 Imol Ca(OH)2

c) Ig HCI X
Imo/ HC I 1/2mol Ca(OH)2 Ng Ca(OH)2

X X
36.5g HCI Imol HCI Imol Ca(OH)2

= 1.850 .<: Ca(OH),

= I .156 .<: Ca(OH),

= 1,014.<: Ca(OH),

Moreover, a series of secondary reacti on s can also arise in the lime reactor. To be
noted are especially the following:

• Ca50 ., · 1/, H20 + ' /, 0,
00.

• Ca50 )' 't, H20 + 1/, 0, +'/, H,O -

• CaO + SO,

• SO) + Ca(O H), + H,O

Ca50, . ' / , H,O

Ca50 , · 2H:O

Ca50, ·2H,O

These reaction s are very d ifficu lt to assess an d th ei r qu an tita tive and qu al ita tive
significa nce is much less than the ones detailed above, so th at they we re not cons idered .

The comme rcial purity of calcium hydroxide is usu ally abo ut 90%, which requi res
raising reage nt consu mpt ion acco rd ingly.
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Sal t production sto ichiometric ratios are:

II QUALI 98

a) Ig HF x
Imol HF
c llg HF

x
Illmol Ca F2

Imol HF
x 78g CaF2

Imol CaF2
= 1,950 g CaF,

b ) Ig SO, , /"''' / S02 x 1",,,/ CaSOl'i /.l-l'O x Ic9!!CaSOd iCH, O
6..fg S0 2 111/0/ 8 0 2 I mol CaS03 'I!JH20

=2 ,O/ og CaSO, 112 11 ,0

c) Ig HCI I mo/ Hel 1/_'11101CaCI2-.'1-l 20 J-J ig CaC12 ' _"""~
x x x -:--'7."...,,,.,...=-=

3h.5g HCI 1",,,/ HCI 1"'01CaC~ 2H' O
= l .ONg CaCI,. 211,o

The excess reag ent d oes not react and is collected on the filter together with the
neutralisation salts.

3.1.3. O VERVI EW OF T HE STOICH IO MET RIC CALCULATI O . S

To facilitate the calcu la tions, all the reag ent cons umption and salt prod uction data
comp u ted in Sections 3.1.1 and 3.1.2 have been summarised in Tables 5 and 6.

Stoichiometric consumption Stoichiometric Real consumption
ratio

Reagent HF SO, HC) HF SO, HC)
NaIlCO, -t.2 2.62 2.3 1.2 5.04 3.14 2.76

CalOil) , I.X5 1.16 1.01 8.3 15.36 9.59 X.42

Reagent HF SO, HC] Excess reagent
:"aIlCO, 2.10 2.22 1.60 0.63
Ca(OHI, 1.95 2.02 2.0 1 I

I i,blt· 6. 5alt prott l/dilHi (g _-.alt~ Ig p{lll ll tal1 t~)

3,2. EFFICIENCY T ESTS

Having dete rmined the sto ich iometry o f each major a rISing neu trali sa tion
react ion, it \\'(1 5 ncccssarv to d eterm ine each reaction 's vield in order to esti mate each
syste m's exploitation rati o. Vari ous reports are ava ilahle on facilit ies w ith ru nn ing
dry gas cleaning sy ste ms using ca lciu m hyd roxid e, which cou ld se rve as a reference
to esti mate the rea gen t ex cesses re lative to th e sto ich io metric va lues needed fo r
e fficien t react ion. The st udv cond uc ted bv th e Environ men tal Authoritv (Presid io
Mul tizona le d i Prevcnzi onc (1'1\11')) of Reggi o Emilia, Ital y, seemed par ticularly useful
in th is se nse.

On ins tal li ng a dry gas clea n ing sys te m with sod iu m b icarbon a te a t th e RS U
in ci nera tor in Reg g io Emi lia, th e Envi ronmen tal A uth ority (1':-'11') undertook a
s tu dy in 1993 to esta b lis h the su itab i lity of thi s sys te m for cleaning flue g ases in
th e ce ra m ic industry, co m pa r ing thi s sys te m wi th exi sti ng lime-u s ing sys te m s .

The tr ial was ru n at a stonewa re facto rv of Ce ramiche A riostea, in Castclla rano
(lv10). The cleaning sy stem consisted of a bag filt er, before which the reagent was injected ,
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with an extraction fan and stack . Afte r cleaning, the gases were released into the
atmosphere with no energy reclaim. The same facility was used for the trials with both
reage nts.

Du ring three weeks of tests gas temperature, flow rate, oxygen percen tage,
HF, HCI and SO, were me asu red or analysed for at kiln and s tack ex its. Sam ples
were a lso taken of the resid ua l sa lts collected on the ba g filt er to ana lys e rea gent
exces ses.

The conclus ions of the study have been set ou t in Table 7.

Sodium bicarbonate system Lime system

HFremoval - Very high reaction yield. - Low reaction yield.
- Results clea rly mel legalisation - Legalisation requirements can be
requirements. met but only by severely penali sing

reaction yield.

HCI removal - Very high reaction yield. - Scarce reaction yield
- Results clearly mel legalisation
requirements

S0 2rcmovai • Very high reaction yield. -Virtually zero efficiency.
- Results clearly mel Icgalisation
requirements

Table 7. Conclusions of the fotlldy performed by Presidio Multiz01Jak di Prcvcn zione

These tests, corroborated by the available literatu re on the subject, confirmed the
d ifficulty of comparing reagent consumption and neutralised salt production, given the
highly di fferent behaviour of both reagents regarding the various pollutants. In orde r to
determine reaction yields it was thus necessary to set working conditions and neutralisation
targets .

In the solu tion being studied, the aim was to meet legislation requirements by a
sufficient degree of gas cleani ng wit hout a cooling stage, to allow energy recovery. Under
these conditions, ass uming a legal limit of 5 mg / Nm ' and a required HF removal rate of
97.5%, sod ium bicarbon ate will exhibit a joint action on the th ree pollut ants wit h an
excellent yield . Removal will be attained of around 99% for HCl and SO" with an overall
stoichiome tric excess of 1.2.

Using lime, given its HF se lectivity, to obtain a 97.5% HF removal, even with an
overa ll sto ichiome tric excess of 8.3, HCl rem ov al will only be 35%, with a very weak
effect on SO" namely of below 10% removal. Raising sto ichiometric excesses to over
10, removal rates can be achieved of around 98% for HF and 65% for HCl, however
without acting upon SO" . Both the required excesses and sca rce effect on sulphur
oxides make using these excesses an unfeasible method, as to achieve complete
cleaning a second ne utralisation stage would be needed, for exa mple using a caus tic
soda scrubber.

Tables 8 and 9 detail the compa ra tive exploita tion ratios of the two sys tems,
without taking into account the costs that would be involved in a second neutralisat ion
stage, as mentioned above, accord ing to the resu lts found in the industria l trials.
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Parameters Units Input Output NaHCO,
Drv 1!lIS . 11%0 ,

Consumption Salt production
(kz/h) (k2lh)

Flow rate Nm3/h 15000 15500
IIF mz/Nrrr' 65 1.6 4.8 2.0
SO, ma/Nm' 125 1.3 5.8 4.1
CI ml!!Nm' 45 0.5 1.8 1.1
Rea;ent excess 1.3
TOTAL 12.5 8.5

rabli' 8. Results obtailll!d at Ceramictie A riostt'Qu'ith NaHC0 3 0

Parameter Units Input Output. Ca(OH),
Drv 1!lIS. 11%0,

Consumption Salt production
, (kz/h) I (ke/h)

Flow rate N m' /h 15000 15500
HF ma/Nm

,
65 2.0 14.5 1.8

SO, ma/Nm' 125 112.5 1.3 0.3
HCI ml!/Nm3 45 14.4 3.8 0.9
Excess reagent 17.2
TOTAL 19.6 20.2

Table 9. Results obtained at Cemmiche Ariostt'fl W it1 1 en fOH)2.

4. INDUSTRIAL IMPLEMENTATION OF TH E NEUTREC PROCESS

In tradition al facilities, the bag filters used to remove waste salt dust can only be
utilised at temperatures below 180°C which means previously cooling the gases or
bleeding in cold air. Both so lutio ns se riously lim it th e possible benefit s to be ga ined fro m
waste heat recovery from clean flue gases.

Furthermore, bag filte rs p roduce a high charge loss in the facility, producing grea ter
energy consumptio n. This charge loss is not cons ta nt. It increases as the bags collect d ust
and d ras tica lly drops when they are cleaned . These va ria tions can lead to regulation
problems in the facility an d in the under-pressure of the kiln from which gases are being
d rawn.

However, the advantage of these filters lies in easily being abl e to re ta in over 99.8%
of the dust, a figu re that is hard to achieve with tra ditional electrostatic filters, which as
set ou t below requ ire using h igh yield electrostatic precipitators.

During several months continuous measurements were taken of the emissions from
a scale cleaning facility that was specially bu ilt for this purpose. The test rev ealed th at the
pollu tant em iss ions were highly variable across time, and basically depended on:

• Amount of fired ma terial in the kiln per un it time, in te rms of fire d tile size and
thickness.

• Environment conditions such as humidity and temperature, as these condition
inner kiln atmosphe re and affect release mech anisms.
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• Mo isture content of the fired mat erial.
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The foregoing exp lains the interest in an on-line determinati on of pollutant
concent ra tions p resent in the flue gases in order to proportion the most suitable reagent
qua ntities. Th is allows minimising reagent quantities and waste p roduction at each
instant.

It was until recently quite di fficult to determine HF conce ntrations cont inuous ly as
this lay outside the ran ge of the available technology in gas spectrome try since the
absorption ba nd in the hydrofluori c acid spectru m is very narro w, and lies close to the
H,O and CO,. spectra .

However, the new infrared analysis technology with a fine-tu ned laser allows
building instant response analysers with su fficient selectiv ity to enable analysing HF with
an accuracy of 0.001 p pm.

Such an ana lyser was used at the trial facility, performing mo d ificatio ns of the
or igina l extractive probe design to adapt it to the pecu liar ities of the installation in a
cera mic facility. In the actual installation, a sim ilar ana lyse r was used with a speci fically
de signed extrac tive probe for the application, which cons iderably reduced maintenance
an d checking, w hile im proving its reliability.

In the proposed syste m, with a view to wo rking at high temperatu res and reducing
charge loss in th e facility, it was decided to use an electrostatic precipitator (F) for dust
rem ova l. Waste heat from clean gases cou ld thus be reco vered .

To ra ise precipitator efficiency, needle-shaped metal inserts were ins talled across the
entire su rface of th e positive plates so that the whole plate wou ld act as a di scharge crown
and thus increase inter-plate electrostatic field intensity. This gave hi gher throughput
rates for the p recipita tor mo dules and a higher yield .

Figure 1. Schematic (~f the industrial farili(u.
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An other important problem w ith conventional electrosta tic p recipita tors ar ises
when the last fie ld is to be clea ne d, since th ere is then no field behind to collect the d ust
that is drawn along by the gas stream . This has been solved in the present faci lity by
installin g tw o au xiliary pipes conn ecting p recipi tator ent rance and exit, so that on using
the six va lves fitte d for th is purpose, th e gas circu latio n d irection can be inverted w hen
the last field needs cleaning.

Figure 1 presents a sche matic of the facility w ith its constituent parts.

The entire gas flow is drawn by a fan (V) controlled by a freq uency modu lator that
rece ives a se t value from the control room in order to keep a stea dv under-p ressure in the
kiln (H ).

The proportioning system (D) injec ts the necessary amount of sod ium b icarbona te
into the tu be (T) by pneumatic tra ns port to neutralise th e pollu tants present. The quantity
of rea gent to be added is deter mined from the data obtained via on-line analysis by the
gas analyser (A ).

In facil ities w ith bag filters, the contact tim e of reagent powder wi th the gases can
be small, since reaction ends in the bags the mselves, when the ga ses cross the reactive
coating layer.

When an electrostat ic p recipitator is used for d ust remova l, th e react ion needs
to be ended w h en th e gases reach the filter, as the gases do not cross any re active
laye r a s in the bag filte rs . Th ere fore, to ensu re that no sodium bicarbonate se t tles,
the tubing m ust be d esigned so as to allow suffic iently high ve locity. A t th e sa me
time howeve r, adequa te contact ti me of the reagent w ith the flue gases m ust be
en sured.

The first requ irement imposes a minimum velocity, which, ba sed on an established
flow, se ts a maximum tube d iameter. Knowing the gas ra te an d required minimum
con tact time then allows calcu lating min im um tube length .

As a min im u m di stance is needed between bica rbonate injection and the
electrostatic precipitator, it becomes possible to choose a precipitato r locati on at a point
where w as te heat could be reused. In our case, a position close to th e presses wa s chosen
as waste heat could be subseque ntl y reused in the d ryers.

5. EM ISS ION ANALYSIS.

5.1. EXPERIMENTAL TECHNIQUES

5.1.1. D ET ERMIN ATION OF FLUORIN E AND CHLORINE COMPOUNDS

Fluorine and chlorine compounds in tile kiln emissions, as previously mentioned,
are basically to be found as gas compounds .

To cap ture these elements a test method w as designed at the Instituto de Tecnologfa
Ceramica. based on several proced ures propose d in U.S. Environmental Pro tection
Agency (EPA) regu lations (specifically in methods EPA 13B, EPA 26 and EPA 26A) as well
as in European Draft Standard 1911.

P. GI - 187



CASTELL6N (SPA I!': )

In the adopted procedure, sampling takes place simultaneo usly in the same test for
bo th the eleme nts to be determined . The main cha racteristics of the test are as follows:

- Sampling need not take place unde r isokine tic cond itions as both eleme nts are
found in a gas phase .

- Suction flow rate sho uld be low, around 5 II min.

- To avoid gas reactions with the metal part of the probe and the glass , these were
covered internally by a tube of inert materi al that un dergoes no che mical
reactions with the eleme nts to be stud ied, and releases no compounds of these
elements.

- The cap tu ring solution used as a reagent was NaOH.

The ana lysis meth od s used on the cap tu ring solution we re:

- Fluorine: selective electrode acco rd ing to ASTM 011 79.

- Chlorine : argentometric method according to UNE 77-041.

5.1.2. DETERMINATION OF CO, CO" SO, AND SOx

CO, CO" SO, and 503 we re determined by electroche mical sensors. In these sensors
the gas samples are run th rou gh a cell in which on crossing a d iffus ion barrier, the gases
to be ana lyse d reach a catho de tha t produces a spec ific che mical oxida tion-reduction
reac tion for each compo und, giving rise to a vo ltage proportiona l to pollutant
conce ntra tion.

SO, was found as the sum of SO, and SO" expressed as SO,.

On the other hand, the CO, was calcu lated as a function of the oxygen conten t in the
flue gases an d the composition of the fue l used.

5.2. EXPERIMENTAL ASSEMBLY FOR EMISSION ASSEMBLY

In order to evalua te the facility, the va lues needed to be simultaneously
determined of the pollutant concentrations at kiln exit and after the dust removal filter.
These points ha ve been indicated in the sche matic of the sys tem (Fig. 1) as (1) and (2)
respec tive ly.

5.3. RESULTS AND DISCUSSION

As the system put in place was capable of self-regulating reagent consum ption in
terms of ta rge ted and real exiting HF concentrations, two tests we re run sett ing two
di fferent concentration values.

In these tests, simultaneo us analysis was carried out at sys tem input and outpu t.
The resulting data ha ve been detailed in Tables 10, 11 and 12.
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Test IICL = 3~.,;;» Test 2 ICL - 5 ",';lNm'i
Inpu t Output ~ Inpu t Output ~

ImpiNm'l Im..fflm'l 1%1 Iml!!Nm'\ Im..fflm'\ 1%\
\I F 57 3 94.7 46 4 91.3
HCI 127 I 99.2 76 <2 >97.4
SO, 204 <3 >98.5 266 <3 >98.8

Test IICo =3 m;;r m'\ Test 2 ICo = 5 mpfl m'l
Input Output ~ Input Output ~

ImotNm'\ ImolNm'\ 1%\ ImotNm'\ Im"INm'l 1%1
II F 33 2 93.9 28 3 89.3
HCI 74 I 98.6 45 <2 >96
S0, 120 <3 >97.5 157 <3 >98

T able 11. Pollutan t ( IHl Ct' lI t ra t itlll m llu'C'i at 18';:;' de 0 1"

Kp :-iaHCO. /h Stoicbiometrh: ratio
Tes t I- ic, = 3 ,..;-;;/Nm'l 15 1.2
Tes t 21C, - 5 ma/Nnr' ) 13.2 1.01

The d ata shown in the tables clearly ind icate that to keep the H F emiss ion und e r
5mg /Nm' (89% H F removal ), the sto ichiome tric ra tio wa s close to un ity.

However, if the clea ning objective is also to reuse waste heat, it is in te resting to
lower the acid com pound concen tra tion much fu rthe r. It can be observed tha t on
decreasing the H F conce nt ra tion below 3mg l Nrn', the sto ich iometric rat io rose sligh tly to
1.2 .

6. CONCLUSIONS

A gas emission cleaning system for tile kilns was designed an d implemented
based on the use of an electrostatic precipitator a nd the addi tion of sod ium bicarbonate
as a reagent. The system was also fitted with an on-line H F analyser that allows setting
a H F em ission value in the exiting clean gas stream, thus optimising rea gent
consumption.

The resu lts obta ined in the initial industrial trials ind icate good performa nce in
the clea ning y ields for the st udied poll uta nts hyd ro flu oric ac id , hydrochloric acid
and sulphur oxides, as d etailed in Tables 10, 11 a nd 12. Us ing th is kiln em ission
cleaning system allows meeting em ission limi ts in a ll the cou n tries of the Europea n
Union, bes ides meeti ng the CET env iro n me nta l req uirements set for the ceram ic tile
ind ustry.

The system also ena bles acid polluta nt concent ra tions to be cu t back to non -harm fu l
va lue s for the plant facilities the mselves, wi th very low stoichiomet ric ratios, on
implementing waste heat reuse.

Th e clea ni ng y ie lds obta ine d with thi s system we re co m pared to va lues fo u nd
111 the lit erature involvi ng ba g filte rs a nd ca lciu m hyd roxid e ad d itions . It was
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obse rved th at sim ila r resul ts were produ ced , although the proposed sys tem, besides
cleaning su lphur and ch lorine co mpou nd emissions, used mu ch lower s toich iometr ic
ratios.

The use of sodium bicar bonate in the proposed sys tem allows recovering the energy
va lue of the clean gases on usin g these as drying air, and makes it possible to reuse the
arising cleaning waste in the same manufacturing process.
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