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ABSTRACT 14 
 15 

This work has the aim at developing a solid inorganic adsorber able to block the 16 
liberated fluoride by chimney at ceramic industries. It was evaluated the fluoride 17 
content in the clay materials used as raw material, the mechanism of fluoride 18 
liberation, the fluoride adsorption kinetic in the hydrogen fluoride medium and the 19 
development of an adsorber on calcium (CaCO3), with low cost and easy processing. 20 
The optimum value, determined in this work denoted the pellets should be between 21 
5-8 mm in diameter. The new technology developed in this work, could be well used 22 
to treat the fluoride gases using a depuration dry sorption process. Once the reaction 23 
occurs between the gas pollutants and treated in the solid, which is able to 24 
chemically react with the pollutant without generating solid wastes or liquid effluent. 25 
However,  the process obtain  a  new product (CaF2), which could be incorporated 26 
into ceramic mass during the productive process or could be used in agriculture 27 
management for soil correction. 28 
 29 
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 31 
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1. INTRODUCTION 46 
 47 
After Second World War, the western world had as development model the 48 
economical growth obtained in short period by the use of new productive processes 49 
and the intensive exploration of energy and raw materials, whose sources were 50 
considered limitless. That model generated impressive surplus of economical wealth, 51 
but it brought with itself great social problems and consequently economical 52 
problems.   53 
The  impact  of  an industrial  activity in  the environment  can  show itself 54 
in three ways: atmospheric contamination liquid wastes and solid residues.   A 55 
legislation on fluorine emission in Europe is diverse. Although each member state 56 
has their own legislative and controls, they will tend towards the harmonization, as 57 
the European Council has adopted a directive on Integrated Pollution Prevention and 58 
Control. The aim of this directive is to obtain a high level of protection of the 59 
environment as a whole, and will involve considering the best available techniques 60 
in issuing permits for industrial activity [1-3].   61 
The Brazilian industry of ceramic was consolidated as one of the main industries 62 
when surpassing of billion of square meters half produced along the year. The 63 
section developed a peculiar industrial park, in that the road process it evaporates 64 
manufactures expressive part of your production.  65 
The fluoride is present in minute quantities of 0.01 - 0.1% in the ceramic raw 66 
material. During firing the fluorine is partly released as hydrogen fluoride (HF) in 67 
the gaseous. The absolute volumes thrown for a tunnel kiln depending on its 68 
efficiency, are only of the order of 0,1 - 0,8kg F-/h, i.e. compared with other 69 
industries, the heavy clay industry is only a very minor emitter of fluorine. The 70 
compounds fluorine compounds however, even in very low concentrations, can 71 
results under unfavorable weather conditions in damage to sensitive plants. 72 
Concentrations of 1-200mgF-/N3 have been recorded in the flue gases of kilns in the 73 
brick and tile industry. The degree of hazard depends on the F- concentration in the 74 
exhaust gases but also on a number of other factors, such as the type and 75 
composition of the vegetation, the wind direction and dispersed inclement weather 76 
conditions. Recently a number of technologies have once again been offering 77 
equipments for the cleaning of the gases in the ceramic industry,   being   classified    78 
in   groups   in agreement   with   the   applied mechanism and the present pollutant 79 
species [4,5].   80 
 81 
Fluorine in the minerals oscillates from 150 to 1773 g.g-1, existing minerals as 82 
flogophite and tremolite with considerably higher, 3400 to 24000 g.g-1. Variations 83 
have been registered in the fluorine in the several clays, in function of your 84 
geographical positioning, your mineral composition and texture [6-12]. 85 
 86 
2. EXPERIMENTAL  PROCEDURE 87 

The marine limestone or limestone of shell has shown to be extremely interesting as 88 
a starting material for adsorber obtaining. It is a low cost product with constant 89 
chemical composition, easily available on a commercial scale, produced by the 90 
company Cysy Mineração Ltda., located in the state of Santa Catarina, Brazil. The 91 
marine limestone or calcareous shell was made by organic matter with92 
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 high reactivity. Chemically the limestone of sea shells is formed by carbonate of 95 
calcium (CaCO3) and composed inorganic. 96 
 97 
With the objective of the obtaining of a solid adsorbed using a low cost technology,   98 
we used the technique known as pelletizing. Pelletization process is the 99 
agglomeration of moisturized fines in a rotating disc. The use of a disc pelletizer, 100 
Eirich, model TR 04, was carried out with revolution speed and angle of 101 
pelletization disc’s plane to the normal as well as the use of lubricants. 102 
 103 

The formation of the ball through the movement of rotation of the material in 104 
combination with the ligant and water sprinkled on the material. The balls obtained 105 
with a defined form favoring good conditions of fluidity.  The size of the sphere 106 
established by the position of the disc and of the amount of liquid introduced. For 107 
the rotation movement they obtained larger balls addressed automatically for the 108 
surface of the disc, doing with that they flowed outside in a continuous way 109 
segregating them for size.   During the optimization study, firstly, the angle and 110 
revolution speed parameters were tried to be determined for the desired pelletization 111 
process. This was done by observing of pellets formation stages, the shape and 112 
apparent strength of fresh pellets.  The formation of pellets occurred between 2 - 113 
15mm.   114 
Some agglutinants were tested and among them ES70, X3 and XP, of the Agaesse 115 
Company, were the ones that they demonstrated results for an industrial process. 116 
They were tested the cement Portland, CP-I  and refractory cement CP-III aiming at 117 
to increase the resistance to the mechanical compression. In all the rehearsals, it was 118 
used as lubricant water.  The agglutinants were used in a proportion from 0,25 to 119 
1,5%, in weight. Being made use of the cement Portland, when the balls reached the 120 
wanted size, it was left for an additional time to improve the uniformity. During that 121 
period the surface of the balls was maintained humid sprinkling occasionally with 122 
water. The balls of uniform size were separate and they came back to pelletizing 123 
mixer rotating with constant speed an amount of cement was added gradually, 124 
sprinkling with water. The adsorption of the gas were accomplished with the 125 
objective of studying the influence of gaseous reactant dilution, the temperature, the 126 
height of the bed and the granulometry of the balls on the kinetics of the reaction 127 
between the hydrogen fluoride and the calcium adsorber.  In that stage, the reactant 128 
used in the study they consisted of the hydrogen fluoride gaseous, purity of 99.98%, 129 
from Matherson -Tri Gas, and the nitrogen type U. Gas adsorption was measured by 130 
passing the test gas with air over adsorber sample enclosed in a monel vessel 131 
(adsorption chamber) and recording the change in gas concentration before and after 132 
the adsorption chamber as an indication of the extent of gas adsorption as presented 133 
in the TAB.1.   134 

 135 
Table 1. Operations conditions for the adsorption  experiments  136 

 137 

Operating parameter  

evaluated 

Range of 
variation 

Number of 
experiments  

Total gas flowrate (L/h) 
Reaction temperature (oC) 
Diluition of the reactant gas (%) 

4-14L/h 
70 - 600 
1,1 - 50 

4 
7 
5 
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Pellet  diameter (mm) 3 – 7,1 4 
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The furnace is of the type resistive with scale from 0 to 8000C, total potency of 2kW. 141 
Digital controllers monitor the temperature. The adsorption chamber, composed by a 142 
in 400 monel of 30mm of internal diameter for 250mm of length. The inferior 143 
extremity is funneled for the entrance of the gases inside the adsorption chamber, 144 
and to superior was connected a system of wash of gases. 145 
 146 
Thus before adsorption, activation of the adsorber was made by introducing water 147 
vapor( steam) into the adsorption chamber for a short time (3-5s) at a rate about 148 
0.7l/min using vacuum, which was connected to a steam generator. After the 149 
selected time, the steam and vacuum disconnected, and the nitrogen-hydrogen 150 
fluoride was connected to the pressure filter vessel containing the adsorber. The gas 151 
was allowed to flow under vacuum for selected periods. Prior to the humidification 152 
and gas adsorption steps, the adsorber sample was evacuated and its weight was 153 
recorded. 154 
 155 
3. RESULTS AND DISCUSSION 156 

The resistance compression varied from 20 to 45N/mm to sample with cure process 157 
to vapor, from 12 to 25N/mm for roasted samples and from 10 to 4N/mm for 158 
samples only droughts to 1500C. The difference observed among the balls with 159 
cement addition and with agglutinant it can be explained by the difference in the 160 
porosity and reactivity of the material.    The conversion of CALCX3 and CAL 161 
X3A, CPI and CP III came much lower than CALC ES70- 1. In order to check that 162 
this, five experiments were performed with CALC ES70-1(medium size of 7,1mm 163 
of diameter) with a molar fraction of hydrogen fluoride of 1,1%, using nitrogen as 164 
the carrier gas. Figure 1 show that does not modify significantly the curve.  The 165 
medium earnings, in weight, was of 18,1% with standard deviation of 1,44%. The 166 
results of adsorption of CALC ES70-1 were significant in refers to the 167 
reproducibility.   168 
 169 
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Figure 1. Experimental conversion data versus time 171 

                HF 1,1% ,  Temperature of  200oC/h            172 
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The ligant denominated commercially  Ligofor ES70, used in adsorber CAL ES70-1 173 
obtaining, it consists of a lineal polymeric derived anionic of the starch and of the 174 
cellulose. It is a salt formed by units, anidroglycose, containing three groups 175 
hydroxile in your chain polymeric.   176 
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The adsorber CALCES70-1 it was obtained being used the gathering technique by 180 
pelletizing well as, being made use of a pelletizing mixer of the type plate with 181 
diameter of 40cm, angle in the order of 35-50, speed of 1000rpm, humidity of 12% 182 
and ligant ES70 to 1%. The formation of the balls happened between 6 and 9 183 
minutes. The total time of pelletizing was determined after 20 minutes  and with a 184 
strip granulometric very it narrows, about 81%.   185 
 186 
The CALC ES70-1 adsorber, chemistry as characterized and physically, being used 187 
the techniques of X-ray diffraction patterns, scanning electron microscope, specific 188 
surface area (BET), X-ray fluorescence spectrometry and resistance compression 189 
and resistance to the compression. The characteristics physical-chemistries of the 190 
adsorber are presented in TAB.2. 191 
 192 

Table 2. Physical and Chemical  Characteristics of the Adsorbed - CALC  ES70 -1 193 

Composition Substance  

CaCO3 (%) 98,00 Form physic Pellets/white 
MgO (%)  0,17 Medium diameter  (mm) 7,1 
P2O5 (%)    0,023 Apparent density(g/cm3)   1,06 
B2O3 (%)    0,015 Porosity (%)   2,81 
Cu total  (g.g-1)   5,00    Agglutinant (%)   1,00 
Mn total  (g.g-1) 28,00 Humidity(%) (dry grain)  1,20 
Zn total   (g.g-1) 11,00 Surface area (m2/g) 1,5 
Mo total  (g.g-1) <14,00 Resistance (N/mm)  10 ± 2 

 194 

In FIG. 2 presented a typical of the adsorber CALC ES70-1 that presents 195 
characteristic picks of carbonate of calcium. CALC ES70 -1 produced he comes 196 
more or less in the form of balls spherical with porous appearance and with white 197 
coloration and macroscopic sizes of the order of 7,1mm. A visual evaluation and for 198 
scanning electron microscope it indicated us a granular and porous structure as 199 
having presented in FIG. 4 200 
 201 
The hydro fluorination tests were accomplished with the objective of studying the 202 
influence of gas flow, the influence of gaseous reactant dilution, the temperature and 203 
the size grain of the adsorber on the kinetics of fluorination of calcium with the 204 
hydrogen fluoride. 205 
 206 
The  way  the  reaction  progress inside a pellet depends exclusively on the rate-207 
controlling step(s) .The effect of the gas reactant in a bed of particles was studied 208 
due to the formation of a gaseous layer stagnated about of the solids, that in some 209 
processes can be constituted in the controlling stage of the reaction. When the 210 
reaction speed increases with the increase of the flow of gas, to a constant 211 
temperature, the mass transfer just controls the kinetics of the reaction when the 212 
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variation of the concentration of the gas reactant through the bed is minimum, in 213 
other words, the increase of the flow of  gas can increase the reaction speed due to 214 
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elevation of the medium concentration of the gas reactant, without any influence of 217 
mass transport. 218 

10 20 30 40 50 60
0

100

200

300

400

500

600

          CaCO
3
-aragonite

          CaCO
3
-calcite

(degree)

in
te

ns
ity

 219 
Figure 2. Typical XRD patterns the adsorber CALC ES70 -1   220 

 221 
                                                                                                  222 

          223 
 224 

Figure 3.  SEM micrographs  and visual image  of the  adsorber - CALC ES 70 –1. 225 

 226 
If the concentration of the gas reactant in the exit of the reaction camera differs 227 
considerably of the concentration in the entrance, the increase of the flow of gas can 228 
increase the reaction speed due to the elevation of the medium concentration of the 229 
gas reactant, without any influence of mass transport. It gave way, the probability 230 
exists of there being shortage of gas when you lower flow and deep beds are used. A 231 
series of tests was performed with variations in the total flow gas.   232 
 233 
 234 
 235 
 236 

     10 mm
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In Fig. 4 shows that an increase in flow of gas beyond 12L/h does not modify 239 
significantly the curve. External transport was considered not to be rate-controlling 240 
in these conditions and the remaining experiments conducted with a flow of gas of 241 
12L/h. The flow of gas 12 and 14 L/h correspond practically to the double of the 242 
flow of HF used of industrial furnace, once the normal flow of gas corresponds to 243 
7Nm3/Kg of mass with a medium substance 0,1% of HF.  Therefore, that 244 
corresponds to 7L of HF/Kg mass.        245 
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Figure 4. Influence of total gas flowrate 247 

                Pellets with size diameter of  7,1mm, Temperature = 3000C, 14% HF 248 

   249 

To determine the order of the kinetic reaction in relation to the gaseous reactant, a 250 
series experiments were performed with a molar fraction of hydrogen fluoride 251 
varying from 3 to 50% using nitrogen as the carrier gas. In FIG.5 shows the 252 
influence of the dilution on the conversion curves. We can observe that, for rates of 253 
dilution from 6 to 11% the necessary time of reaction for a conversion of 90% is of 254 
the order of 20 minutes. When the dilution rate is very low the retention system it 255 
requests a very long time, however they are cases that certainly don’t occur in the 256 
industrial section.  257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
 265 
 266 
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Figure 5.   Influence of the HF faction in the gas. Temperature 300oC, Pellets size        270 

diameter of  7,1mm 271 

 272 

The rate for unit of reaction of the area of surface of a heterogeneous chemical 273 
reaction is usually expresses as: 274 
                                                          n

AkC                                           (1) 275 
 276 
where k is the constant rate and n it is the order of the reaction with respect to the 277 
gaseous reactant A. For a first-order  reaction , one has: 278 
 279 

                                             AOC
dt

dX
   ou   yAO                             (2) 280 

 281 
where  dX/dt   is the overall or apparent reaction rate and e yAO the molar fraction of 282 
A in the bulk gas. In FIG. 6 has been plotted for two conversion of degrees, x = 0 283 
and x = 0,6, and shows that this  relation is effectively to hydrogen fluoride is thus 284 
equal to one.   285 
 286 
 287 
 288 
 289 
 290 
 291 

292 
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Figure 6. Determination of the order of the chemical reaction with respect to HF. 296 

 297 

The influence of the temperature on the kinetics of the reaction is usually detected 298 
starting from the “Arrhenius equation" which contributes in the indication of the 299 
possible controlling mechanism of the reaction for the calculation of the energy of 300 
activation of the reaction. That activation energy is defined as the energy for the 301 
reactants to reach the unstable intermediate states, forming the activated complex 302 
calls that generate the final products of the reaction spontaneously.   303 
 304 
The experiments were accomplished in the strips of temperatures of 700C-6000C and 305 
in samples with diameter of 7,1mm. As the temperature it is characterized as one of 306 
the most important variables in than it plays to the elucidation and definition of 307 
mechanisms of kinetics of the fluorination reaction, your influence will be 308 
appreciated in more detailed experimental conditions. They were certain k, De,p, De,g 309 
for each experiment accomplished in different temperatures. Where k, De,p, De,g 310 
consists of the constant of speed of the chemical reaction (m/s), diffusion coefficient 311 
executes of " A " among the particles of a ball (m2/s) and diffusion coefficient 312 
executes inside of " A " of the particles of a pellet (m2/s), respectively.  The values 313 
obtained are given in TAB. 4  together with the associated values of 2

p  e 2
g . The 314 

value zero of 2
g   indicates that intra granulate diffusion is not a rate-controlling 315 

mechanism.   316 
 317 
 318 
 319 
 320 
 321 
 322 
 323 
 324 
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Table 4. Kinetic Parameters in function of  temperature. 10% HF 330 

Temperature 
(oC) 

k(m/s) De,p(m
2/s) 

2
p  De,g(m

2/s) 
2
g  

  70 1,21 x 10-5  0  0 
100 2,49 x 10-5 7,86 x 10-6 0,20 1,44 x 10-11 0,16 
200 3,19 x 10-5 4,66 x 10-6 0,43  0 
300 5,04 x 10-5 5,51 x 10-6 0,58  0 
350 4,63 x 10-5 6,27 x 10-6 0,47  0 
400 5,67 x 10-5 8,11 x 10-6 0,44  0 
600 4,84 x 10-5 6,91 x 10-6 0,44  0 

 331 

In this work a detailed study was not accomplished with respect the diffusion 332 
process, it was just preceded to the superficial evaluation, as presented in FIG. 7. an 333 
adherent layer is formed about of the particles forming a solid product, causing a 334 
reduction of the limestone nucleus and that should probably contribute to reduce the 335 
diffusion inter granulate of the gases of the surface to the nucleus. Therefore, that 336 
fact limits the size of the pellets, demonstrating that balls with great diameters are 337 
inefficient.   338 
The influence of the pellet (ball) size was studied experimentally for series 339 
experiments with pellets diameter ranging from 2 to 7,1mm, with grain remaining 340 
constant.  The influence of pellet and grain is related to the reaction regime. In the 341 
chemical regime, where the reaction is controlled by the displacement conversion is 342 
proportional to the grain diameter and independent of the pellet size. In the inter 343 
granulate diffusion regime, where the reaction is controlled by the diffusion of the 344 
gases between the grains composing the pellets, the time to complete conversion is 345 
proportional to the square of the pellet diameter independent of the grain size. In the 346 
intermediate regime,  347 
                                   tx = 1   

pd    e    tx =1    gd ,                             (3) 348 

 where   and   depend on  2
p  , with  0 <  < 2  ans 0 <  <1.  349 

 350 

 351 
 352 
Figure7. Micrographs for superficial analysis to  CALCES70-1R 353 
 354 
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In FIG. 8 show the influence of the time of conversion versus the diameter of the 357 
pellet, using log-log.  The plot shows that the slope of the curve increases with pellet 358 
size. At very small sizes, the slope tends to zero, indicating an approach to the 359 
conditions of the chemical regime. When the pellet diameter decreases from 15mm 360 
to 5mm, the kinetics then pass form a diffusion-predominated intermediate 361 
regime( 2

p  >1)  to a chemical regime( 2
p  < 1).  This change in regime is 362 

accompanied by a significant reduction in the reaction time tx = 0,9, falls from1000 to 363 
400s.  In order to accelerate the process industrial of CaCO3, it is therefore highly 364 
desirable to use pellets less than 10mm in size. The optimum value is probably 365 
between 5 and 8mm. Below 5mm, there is no point in further decreasing, since the 366 
reaction is already in a chemical regime where pellet diameter has no influence.  367 
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Figure 8.  Influence of pellet diameter on the time necessary for 90% conversion 369 
 370 
The CALC ES 70-1 after the experiments of adsorption denominated as CALC ES 371 
701R-1R was characterized chemistry and physically, being used the techniques of 372 
X-ray diffraction patterns, thermogravimetric analysis showed in FIG. 9 e10, 373 
respectively.   374 
 375 

 376 
 377 

Figure 9. XRD  patterns (a) CaF2 ; (b) CaF2 + CaCO3 (CaF2 + CALC ES 70-1) e  378 
CaCO3 (CALCES 70-1R).379 
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Figure10. TGA curves CALCES 70-1 and CALCES 70-1R 383 

 384 
In the thermo gravimetric experiments variations were made a comparative study of 385 
CALC ES70-1 and CALC ES70-1R, in three different stages, in other words, CALC 386 
are 70-1 before the tests of adsorption (blue line), experiment of conversion of 60% 387 
of CALC ES70-1(red line) and test of conversion of 90% of CALC ES70-1(black 388 
line). After the conversion of 90% of CALC ES70-1 CALC ES70-1R'S the thermo 389 
gravimetric analysis came stable indicating a mass loss between 120 and 250oC, 390 
probably caused by the liberation of the water or residual free fluoride in the pellet 391 
(ball).   392 
 393 
The superficial aspects of the sample CALC ES 70-1R exhibit different in relation to 394 
the sample CALC ES70-1. CALC ES70-1 shows granular and porous, as showed in 395 
FIG.3, while the sample CALC ES70-1R presents denser.  The reaction product 396 
generated it consists of fluoride of calcium (CaF2) and carbonate of calcium 397 
(CaCO3), being a product solid, dry and stable.    398 
 399 
The classification of the adsorbed was evaluated after the reaction according to 400 
NBR10.00412, Brazilian Standard, resulting in a residue Class III, therefore being 401 
possible the disposition in landfill not controlled.   402 
 403 
The  utilization of reaction products as soil conditioners and de-acidification agents 404 
is thoroughly feasible. The only proviso here is where fluorine sensitive plants are 405 
cultivated. In horticulture, an improvement of the soil structure was observed after a 406 
10-year application of the residues, and no damage to plants recorded. Utilization 407 
may be rendered more difficult because of the relatively small amounts of residues 408 
occurring. Intermediary storage is recommended in disused clay pits of those 409 
residues that can be re-utilized for agriculture or forestry [11]. 410 
 411 
Another possibility for utilization for the reaction product is to add it to the clay in 412 
production of coatings monoporous denominated tiles. The addition of small 413 
amounts in the ceramic mass is possible, once the employed minerals in 414 
formulations for monoporous are the carbonates, mainly the calcite. As the415 
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necessary porosity to the material after it burns her (>10%) it can be obtained with 418 
additions of carbonates between 14 and 19% in the mass, that will correspond the 419 
porosity between 10 and 13%. Other important factor is the fact of the landing of it 420 
burns of ceramic coatings of fast one burn for monoporous to be in the interval of 421 
temperature from 1050 to 11000C. As the reaction product generated it consists 422 
mainly of fluoride of calcium (CaF2) and carbonate of calcium (CaCO3), we could 423 
reduce the production costs with the reutilization of the CaCO3and CaF2 in 424 
substitution to the chamotte.    425 
   426 
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