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IONIC EXCHANGE PROCESS BETWEEN BENTONITE INTERLAYER
CATIONS AND GRANITIC SOLUTIONS

F. J. Huertas, C. Jiménez de Cisneros, E. Caballero, F. Huertas & J. Linares

Estacién Experimental del Zaidin (CSIC), Profesor Albareda 1, 18008 Granada, Spain -

Introduction

Bentonite has been proposed as suitable material to be used as barrier in the campo
proximo of high activity nuclear waste disposals. However, the utility of bentonite has been
questioned, because of its the thermodynamic stability: smectite can be transformed into
illite or other minerals by reaction with solutions., Such a process is enhanced by
temperature and potassium concentration. If temperafure is lower than 120 °C and K
concentraﬁon is low, the smectite to illite conversion times could be much higher than
those assumed as security limit in the repository (Cuadros and Linares, 1996). /

Smectite is not directly transformed into illite. Prior to the conversion of smectite to
illite sensu stricto, the interlayer cations present in the natural smectite should be hydrated
and exchanged by potassium (Giiven, 1990). Potassification and illitization of smectites are
stages clearly separated in time.

When natural smectites reacts with potassic solutions, the substitution on natural
interlayer cations by K is not progressive, but follows a sequence of reactions. Firstly K
exchanges for Na and later, when almost all the Na ‘has been extracted from the interlayer,
Ca and Mg are exchanged (Huertas et al., 1995). No differences were observed for Ca and
Mg behav1our. It should also be pomted out that temperature does not affect the exchange
reaction even at temperature as high as 200 °C.

In the repository, bentonite is in contact with complex solutions, which composition
depends on the mineralogy and hydrology of the site. In this study, we have simulated the

interaction between bentonite and the leaching solution in a granite rock location, by means































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.4.2.Pressing conformation

Table VII - Results obtained after firing

cenologiea

mperatures

After the required preparation of the raw materials for pressing conformation, the test
samples were pressed and fired in a laboratory roller kiln in fast cycles of 60 minutes at

1050°C, 1075° and 1100°C. The obtained results are shown in Table VII.

1100°C

Clay A (Grey “Ritmito”) 1050°C 1075°C
Dry-fired shrinkage (%) 5,89+0,11 6,81 +£0,09 7,70 £0,10
Flexion resistance (kgf/cm2) 176 £3 185 +21 243+15
Water absorption (%) 8,505 7,6£0,1 6,1£0,2
Clay B (Yellow clay) 1050°C 1075°C 1100°C
Dry-fired shrinkage (%) 1,63+0,10 | 2,0840,05 | 2,87%0,05
Flexion resistance (kgf/cm?) 133£15° 142 +£24 15272
Water absorption (%) 15,5+0,1 14,6 £ 0,2 13,1£0,1

Based on the results obtained, tests were repeated under the same conditions at the
temperatures of 1150°, 1175° e 1200°C (Table VIII), for three formulations with

following characteristics:

yrmulation

Raw materials P-1 P-2 P-3
Clay A (Grey “Ritmito”) 50% 70% 30%
Clay B (Yellow clay) 50% 30% 70%
Table VIII - Results obtained after firing
nr k Temperatures
Formulation 1 (P-1) 1100°C 1150°C 1200°C
Dry-fired shrinkage (%) 6,84 +0,13 8,41£0,15 9,09+1,17
Flexion resistance (kgf/cm?2) 307+27 436+9 422 £ 67
Water absorption (%) 5312 2,707 0,3+0,2
Formulation 2 (P-2) 1100°C 1150°C 1200°C
Dry-fired shrinkage (%) 8,43 0,06 9,64 £0,10 8,18+0,18
Flexion resistance (kgf/cm?2) 317431 445+19 454 £39
Water absorption (%) 40+17 0,8+0,3 0,1+0,1
Formulation 3 (P-3) 1100°C 1150°C 1200°C
Dry-fired shrinkage (%) 5,10+0,10 7,04+ 0,07 8,53+0,20
Flexion resistance (kgf/cm2) 167 £52 325£52 418 +28
Water absorption (%) R 83+1,0 54+09 2,0£0,8
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Conclusions

Based on mineralogical, physical, chemical and technological characteristics of

Itu-Campinas ceramic raw materials, the following conclusions can be withdrew:

i)

if)

iii)

iv)

V)

Vi)

The mineralogy of the two raw materials is qualitatively similar, although
quantitatively different, being the smectitic characteristics of the grey “ritmito” a
relevant factor;
No relevant chemical differences in the two sampies analysed were found;
The particle size analysis of the grey “ritmito” showed to be rather more fine than
the yellow clay (D50% of 0,91 pm and 2,93 um respectively) and the textural
formulation shows also important differences in the percentage of silt and clay
fraction;
The results obtained in extrusion conformation after drying and firing showed
that: |

- a dry-green retraction above normal parameters;

- good mechanical flexion resistance in dry on grey “ritmito” and normal

values on yellow clay; -

]

- high rehydfation susceptibility, particularly in grey “ritmito”, with losses

N in mechanical flexion resistance of 99,2%, while the yellow clay lose

80%; \
- good mechanical flexion resistance of grey “ritmito” at all firing
temperatures, while yellow clay show normal rates;
- water absorption values are very high for yellow clay; however for grey
“ritmito”  water absorption values  hardly decrease with firing
‘tempera_ture. ‘
The test samples formed by pressing exhibit approximately the same values as the
test samples formed by extrusion, relatively to shrinkage, mechanical flexion
resistance and water absorption.
The'mixture of these raw materials, if properly done, provided improvement in the
technological tests results. '
According to Eﬁropean and International standards concerning Building Materials
Certification, with these studied raw materials and after adequate formulation and
blending, it is possible to produce ceramic materials for brick, hollow clay blocks

for floor, tiles and floor red tiles sectors.
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THE REUSE OF PAPERMAKING SLUDGE IN CERAMIC INDUSTRY

J. F. Coroado; A. O. Amado® & J. C. Marques®

(1) Instituto Politécnico de Tomar, 2300 Tomar
(2) Centro Tecnoldgico da Ceramica e do Vidro, 3000 Coimbra

Abstract — According to present law dispositions and the need of environment preser-
vation, the industrial units ought to promote effluent treatments before discarding them.
It is known that from effluents treatment result wastes which create another kind of
problems to the factories. Same wastes can be reused by the industrial unity that
produced thém or by another industry with benefits to both.
This study assesses the incorporation of a recycled paper industry wastes in ceramics
brick/tiles and floor formulations. Its main target was the technological characteristics
evolution of the ceramic products.

AN
1. Introduction ‘ ,

The implemented environmental politics in Poftugal, mainly since the second half
of the 1980’s, had been guided by strait objectives: the improvement of health and
welfare of the people, the social and cultural development of the communities and the
increment of citizens quality of life.

- These guidelines are supported by specific actions tending to the use of natural
resources on a qualitative and quantitative rationalised way materialised in a self-
supported development.

Inserted on very diversified domains, these actions privilege solutions of
environmen%al prevention, territorial ordering, biological balance, geologic stability, and
widespread pa;rticipation of the social groups, the preservation of the natural and cultural
heritage and the responsibility of the polluting agents. These actions include the
development and application of prevention techniques against the industrially generated

- water pollution, being the plants that produce pblluting effluents obliged to make their
previous purification in order to prevent contamination that could contradict the legal

conditions of water quality and protection.



Thus, companies with effluents of such typology have to built plants for industrial
wastewater treatment that after the resolution of problems related to wéste quality, are
faced with the necessity of solving those concerned with solid industrial waste.

Recycling is frequently a current issue viewed as a possibility in a reuse of raw
material that could originate wastes good enough to integrate new productive processes.

‘What could we do then with these wastes?

Depending obviously on their degree of toxicity and on the consequent necessity of
elimination through the adoption of proper technologies, some of these wastes can be
recycled or reused, either in the same industry that produces them or in different
industrial segments that inactive them without a negative input in the products quality.

The structural ceramics indusiry of buildihg, in specially the sub-sectors of brick
and hollow clay blocks for floors, are targets to be considered in the re-use of some types
of waste produced by other industrial segments. In this study case we used papermaking
sludge of a recycled paper industry, (periodicals, magazines, archive and packing paper)
with the consequent beneficial contribution to the environment and to the reduction of
raw material consumption.

The industrial unit selected was “Nisa - Indistria Transformadora de Celulose e
Papel, SA”, located at Benavente, Santarém. It essentially produces absorbent paper
(hygienic, kitchen, napkins, face handkerchiefs and so on). This company, after handling
waters in its Industrial Wastewater Treatment Plant, produces about 25 ton/day of sludge
filter-pressed with 65% of moisture.

This sludge was incorporated in two different ceramic pastes, one for making
structural ceramics of construction (brick) and other one, white coloured, for roofing tile
and floor extruded sectors.

2. Experimental procedure

The work methodology | privileged the technological characterisation of the
compositions, because they are most relevant parameters for those companies, which
might receive these sludges. Considering dry clay\and wet sludge we formulated the

following compositions (calculated in a weight base).

BR PL-1 PL-2 | PL-3| AL-1 AL-2 | AL-3| AL4| ALS

Red paste 100 %(v) 90 % 85 % 80 % - - - -
‘White paste 100 %(b) - - - 90 % 80 % 70 % 60 % 50 %
Sludge - 10% 15% 20 % 10 % 20 % 30 % 40 % 50 %
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Clays were dried at 110°C and milled to a particle size under 2 mm. The siudge was
added without any type of transformation. After the formulations of compositions, the
test samples were extruded in a vacuum laboratorial extruder machine and dried to
110°C. Then, they were fired to temperatures of 950°-1000°-1050°C (red compositions)
and 1050°-1100°-1150°C (white compositions), in a firing cycle of 2°C/min. until to
maximum temperature. After, 2 hours of quenching at maximum temperature the
process finished with natural cooling in oven.
2.1. Properties of the sludge

The industry of paper recycling originates liquid effluents with insoluble material
(essentially secondary cellulose fibres and diverse mineral residue), proceeding from the
production process. These insoluble materials are filter-press to reduce their moisture
content to approx. 65%. The calorific upper value calculated in the wet mud sample was
of 700 kcal/kg and 1730 kcal/kg after drying to 110°C.
2.2. Characterisation of compositions - v

The assays of technological characterisgtion of the compositions include the
following determinations: - ;
- 7 conformation moisture; ) |
- cI\laracteristics after drying and firing at 3 temperatures (950°, 1000° and 1050°C for

the red paste and 1050°, 1100° and 1150°C for the white paste);
- green-dry and dry-fired shrinkage;
- mechanical resistance to flexion in dried and fired samples; -
- evolution of the water absorption with the firing temperature and variations in the
fired colour and texture of products.

2.2.1. Red paste
The results was registered from the average of eight test samples for each assay (table I

and ID).

Table I — Results after drying

. Dried: 11 . BR(v) PL-1 PL-2 PL-3
Extruded moisture (%)* 19,7 20,2 20,8 214
Dry-green shrinkage (%) 6,6 6,6 6,6 6,6
Flexion resistance ( Kg/cm2 ) 84,6 99,0 102,9 111,3
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* Wet base

Table II — Results after firing

. ; . BR(v) PL-1 PL-2 PL-3
Green-fired shrinkage (%) 0,24 0,33 0,34 0,53
Flexion resistance (Kg/cm’) 87,7 © 854 78,6 74,9
Moisture absorption (%) 13,0 144 154 16,0
. Fired: 1000°C BR(v) PL-1 PL-2 PL-3
Green-fired shrinkage (%) 0,75 0,82 0,85 0,82
Flexion resistance (K g/cmz) 92,6 84,1 75,8 75,6
Moisture absorption (%) 12,2 12,9 14,4 15,4
Fired: 1050C BR(v) PL-1 PL-2 PL-3
Green-fired shrinkage (%) 1,52 1,46 1,25 0,97
Flexion resistance (K, g/cmz) 96,1 86,0 86,2 80,7
Moisture absorption (%) 11,1 122 13,9 14,9

2.2.2. White paste

Table III — Results after drying

The results express the average of eight test samples for each assay (tab. III aﬁd 1v)

‘Dried: 110°C BR(b) | C-1 c2 | c3 | ca | Cs5
Extruded moisture (%)* 20,7 20,6 20,2 20,8 25,5 33,0
Dry-green shrinkage (%) 6.4 5.5 45 5,2 5,1 8,3
Flexion resistance (K g/cm2 ) 79 87 82 101 75 109

* Wet base

Table IV — Results.after firing

' Fired:1050C | BR(b)| C-1 c2| c3| ca| cs
Green-fired shrinkage (%) 2,7 2,2 2,2 2.8 1,4 1,7
Flexion resistance (K, g/cmZ ) 263 182 169 199 127 154
Moisture absorption (%) 8,5 12,1 13,8 11,3 23,5 259
. Fired:110°C | BR(p)| C1 | C2| CB8 | C4 | G5
Green-fired shrinkage (%) 4,0 3,1 2,7 2,9 1,5 2,0
Flexion resistance (Kg/em?®) 291 203 180 207 139 159
Moisture absorption (%) 3,7 10,4 12,0 10,5 23,9 26,1
red: 1150°C BRb)| c1 | c2| c3| ca| cs5
Green-fired shrinkage (%) 43 3,3 2,9 3,0 1,7 2,2
Flexion resistance (Kg/cm’) 309 208 176 209 143 166
Moisture absorption (%) 1,4 8,7 11,3 7.9 23,0 24,1

“u
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3. Results discussion

The study being éarri'ed‘ out allowed the determination of following behaviours:

i) The registered values for the different assessed parameters are, in general, similar for
the two used pastes (red and white).

ii) The shrinkage in the drying and firing process shows a tendency for reduction with
the incorporation of sludge, particularly in the white paste, and a little significant
improvement with the increase of the firing temperatures.

iii) Mechanical resistance increases with dry material and gradually diminishes as far as
sludge addition increases. '

iv) Porosity of the fired materials increases with the incorporation of sludge, expressing
itself in the increase of water absorption values. '

v) Significant alterations in the colour were not observed in the texture of the materials;
however the appearance of " black heart " occurs in some test samples.

4. Conclusions

The main focus of the work was to test the incorporation of paper industry recycled
sludge in ceramic pastes looking for the amﬁlitude of its incidence in the technological
features of the transformed products. The addition of repycle_d papermaking sludge in the
ceramic pastes originates some reduction of the energy consumption in the firing process,
by Vir\tue of calorific power produced by cellulose component.

With the reuse of the sludge and their inactivation in the fired ceramic materials,

| one is able to avoid those negative impacts originated by their rejections to the
environment, thus resolving the problems of their elimination posed to the companies
who produce them.

The technological behaviour of the ceramic materials negatively evolve with
respect to the porosity and mechanical resistance in fired samples, with an amplitude that
significantly magnifies for the highest values of the firing temperatures.

However, there is a significant increment in the mechanical résistance in green,
which increases fespectively with the addition of 17-21% énd 4-38% of sludge in the red
and white\pastes, respectively, without significant changes in relation to the observed
shrinkage Vailues. ‘ ' ‘

Materials texfure and colour do not suffered alterations, and the " black heart " that

occurred could easily be corrected during the firing of the ceramic products through an
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adjusted conduction of the oven or alteration in the pastes composition be@ng used with
the addition of greater percentage of non plastic raw materials.

Thus, we are able to consider the reusé of the papermaking sludge in ceramic brick
production units, with special relevance for those, which, in its process, integrate the
direct load system, by the improvement of mechanical resistance in green of the
conformed products. The adequate weight percentage. of sludge incorporation must not

exceed 10%.
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Introduction

Drilling fluids were usually prepared with oil but actually, as these type of fluids
are polluants and can dammage the environment, the use of aqueous drilling fluids
which are mainly composed by bentonite clay (2- 30%) has been developped.

Bentonite clays are used as thickening agent in the industrial preparations of
drilling ﬂuids.The knowledge of the\physico—chemical and the rheological properties of
the clay are of great importance and can determine if the clay is sultable to be used in
the preparat1on of drilling fluids.

This study concerns the caracterisation of the physico-chemical and rheological
propertieé of a. Tunisian bentonite. The rheological properties are studied as a function
of pH since the optimisation of the gel structure is vital in the control of settling of clay
“suspensions and depends particularly on this rpara,meter.

The originality of our study is to use a purified clay without any previous strong

_ chemical treatment (as usually used) which could damage the structure of the clay. Qur
aim is to found a relationship between the physico-chemical results and the rheological
ones. This might lead to the understanding of the useful clay properﬁes for drilling
fluids.

Materiéls \

The bentonite used is from « Jebel Haidoudi » deposit located near Gabes in the
South East of Tunisia. This sample is noted « HB » when it is raw and « HP » when it is
purified. |
For the purification, the clay has undergo a Na-exchange (all the exchangeable cations

were substituted by sodium ions) and all the impurities are elimnated.



RESULTS
Mineralogical properties

The chemical analysis, the IR spectra and the X-ray diffractograms of HB and
HP samples are carried out and have allowed the characterization of these clays.

Purified clay without Na-exchange (figure 1) shows two peaks ( 13.17A and
15.22A) with approximately the same intensity.

Figure 1: Diffractogram of the purified clay without Na-exch#nge.
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After Na-exchange (figure 2) there is only one peak at 12.6A which is specific of Na-

montmorillonite.
Figure 2: Diffractogram of HP
1000 "-f--i'—"-' e e e
300 '
800 ] :i
A
700 Pl .
A
500 o
W
500
i
400
300 i
! " 2 5
200 1 \ B N
i \ 4 : “ L ,
209 -i \le\JW\M
i
[~} “I T T ¥ ¥ ¥ T T T
0 20 o 30 40




This proves that before the Na-exchange, the clay is composed of half sodium and half
calcium exchangeable cations. We can also notice the presence of a peak at about 7.2A
which disappears after heating at 550 °C, which proves that the clay contains an

amount of kaolinite.

Thermal properties
The results of TGA (Thermal Gravimetric Analysis) and DTA (Differential
Thermal Analysis) of HB and HP samples are shown on figures 3 and 4.

Figure 3: thermograms of HB
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Figure 4: Thermograms of HP
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Two phenomena appear at i) 113°C corresponding to the elimination of hygroscopic
water (between particles of the clays), and at ii) 508 °C for HB and 805 °C for HP

which correspond to the elimination of the constitutional water (dehydroxylatio).

Electrokinetic properties

In order to explain the variations of rheological properties of the studied
bentonite with pH values and to relate them with those of electrokinetic properties, we
measure the electrophoretic mobility as a function of pH. The variation of the
electrophoretic mobility as a function of pH (Figure 5) has been performed on the

supernatants of the suspensions which have been used in the previous yield stress

measurements.
) ~
Figure 5: Yield stress and electrophoretic mobilty versus pH
HP clay
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On the obtained curve, it can be observed that there is a sudden little jump in the
mobility which happens at a pH close to 7.5 and which indicates the localisation of the
isoelectric point of the edges (this is confirmed when electrokinetic results will be

compared to the rheological ones).
Rheological properties

The preliminary investigations show (figure 6) that the shear stress reaches a

maximum at a pH value within the range of 1.5 to 3.5 for HP clay (3% w/w).
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Figure 6; Variation of the shear stress with pH
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Figure 6 shows also the yield stress versus pH curve of the studied bentonite
(12.5% wiw) at a choosen gelation time of 14 days. We can notice that, starting from
the natural pH of the clay (8.21), the yield stress increases as the pH decreases until a
certain value at which the yield stress reaches a maximum and then decreases. This
occurs at very high acidic medium. When pH becomes basic, the yield stress reaches a
minimum as.the pH increases. At very high pH values, the yield stress increases
sharply. If we observe (on figure 6) the variation /of the yield stress and the
elec&op\horetic mobility with pH we notice that
- for pH’s values < pHiep, all the edges are positively charged and the yield stress
reaches a maximum. This means that the dominant interparticular interaction could be
Face to Edge interaction.

- for pH’s values > pHiep, the decrease of the yield stress can be explained by the fact
that the edges are negatively charged, and as the ionic strength is not important in this
range, the interaction between particles are assumed by the Van der Waals attraction.

- for Véry high pH’s values, the sharp increase of the yield stress is caused by the
compression of the double layers due to the increase of the ionic strength at these pH’s
values and this leads to a repulsion between the particles.

- at very high acidic conditions, the decrease of the yield stress values is probably due
to the acidic attack of the structure of the clay by the protons.
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Conclusions

The link between the physico-chemical and rheological properties study of the
Tunisian bentonite which are in progress could allow to explain the interparticular

. interaction between the particles as the PH varies.
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395

226
328,332
317

1,6

395
231,238,366
22

77

180
285,291
231
304,322
285

341

260

145

214

298

279

317

198
279,285,291

Coroado J
Couto DM

Cox L

Crespin M
Cuadra L
Cuadros J
Cuadros Ojeda J
Cuevas J
Cultrone G

Di Giulio A

Dias I

Delgado Iniesta MJ
Dinelli E

Dondi M
Doval-Montoya M
Dudoignon P
Duplay J

Edwards HGM
Ercolani G
EshetY

Fabbri B

Faz Cano A

Fenoll P

Fernandes JP
Fernandez Tapia MT
Ferragina C

Ferraz E

Ferreira A

Ferreira JIMF
Floréncio R

Fonseca AT

Forteza M

Franco F

Frey M

Fuente Lopez de la S

Gaitan M

Géilan E

Garcell L

Garcia Gonzdlez MT
Gomes C

375,389
214
279

220

260

275

83

87

298

40

244

119

50
199,204,322
11

22

238

337
304
96

304,322
108,113
65

150

119

71

366

366

360

381

360

304
249,255
1,6

83

311
304
198
198
150,155,160,168,1
73,180,186,231,23

~8,348,354,366,370

375



Gonzalez I
Génzalez Jesus J
Gonzilez Lopez A
Grade J

Grouby O

Guarini G

Hantzpergue P
Hermosin MC
Hernandez Bastida J
Huertas F

Huertas Javier F

Irabien MJ

Jamoussi F
Jimenez Cisneros de E

Kbir-Ariguib N
Klosova E

Labrincha JA
LamiL

Landuzzi V
Legionha P

Leguey S

Lemos de Sousa MJ
Linares J

Lopes Galindo A
Lopes IMG

Magnin A
Magqueda C
Margulies L
Marquez GE
Marques J
Marsigli M
Martin F
Martin—Pozas M
Martin Ramos JD
Martins N
Mayayo MJ

Mas JR

Mata P

Merino J

Miras A

Miranda A

Mocga LP
Morandi N

Nathan Y
Navaro FIG

341
46,48
322
341
46,48
322

180
279,285,291,311
102

77275
71,275

102

65
77

395
328,332

208,214
260

93

168

&7
150,155
77,83,275
40,65,71
136

395

140

220

208
375,381,389
198,204
48
34,244
71

186
60,126
1,6

260

124

304

370

155

199

96
337

402

Naudin J
Nieto F
Nir S

Oliveira A
Olives J
Ortenzi A
Ortiz Silla R

Pais J

Papirer E

Parras J

Pascual Cosp J
Pavlovic 1
Pérez-Rodriguez JL
Perbost R

Pozo N

Prates S

Proust D

RaabM
Raimondo M
Ramirez S
RequenaJ
ReyJ
Ribeiro MJ
Rocha F

" Rodas M
Rodriguez Jimenez P

Romero E
Rubio PR
Ruiz Cruz MD
Ruiz-Hitzky E
Rytwo G

Sanchez-CJ
Sénchez-Martin MJ
Sénchez-Camazano M
Sénchez-Soto PJ
Sandler A
Sanguesa FJ
Santiago Buey de C
Scatassa M
Sebastian Pardo E
Setti M

Sequeira C
Sequeira Braga M °
Serna CJ

Shoval S

Siffert B

Silva AP

Silval]

Silva RF

102,113,119

168

226

317,227
328,332

311
140,328,332
48

145

244

22

96

322

87

198

180

208
150,155,160,168,1
73,180,186,375
1,6

17

11,34

140

17,28,249

260

220

317,337
263,269
263,269
328,332
96

102
11,34
93

298
40,65
366

22

198

131

191

168

186
214



Suaréz M
Suaréz Barrios M
Subrt J

Summa V

Tari G

Tartaj P

Tateo M

Telles Antunes M
Tomadin L
Toranzo R

Torre Lépez MJ

Ulibari MA

244
11,34
328,332
56

403

Valero A

Velho J

Velasco J

Venturi I

Vellila N

Vidales JLM
Vigil de 1a VillaR
Viseras C

Yebra A

Zuluga MC

140
348,352,370
317
199,204,322
124

145
87,263,269
71

40,71

102
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