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The ceramics industry, given the high volume of materials processed, stands as one of the largest con-
sumers of natural raw materials but has also the capacity and potential to make significant contributions
to solving environmental problems associated with other industries rejects. This work investigates the
effects of quartz sand replacement by agate rejects (scrap) in a traditional triaxial porcelain composi-
tion. The study was carried out using the design of experiments (DoE) method. Characterization results
were used to calculate statistically significant and valid regression equations, relating dried and fired body
properties with clay, feldspar and agate scrap contents in the unfired mixture. The regression models were
then discussed against X-ray diffraction and scanning electron microscopy results and used simultane-
ously to delimit the combinations of those three raw materials most adequate to produce a porcelainized
stoneware floor tile with specified properties. Thus, an alternative use of an otherwise waste material
is proposed, which can be translated into economic benefits and an important and welcome relief on

environmental and waste disposal concerns.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Current increasing industrialization is placing an enormous
pressure on the environment through the volume of natural mate-
rials consumed, the amount of waste produced and the amount
of energy used. The optimization of fabrication processes has
contributed to a significant reduction of the amount of waste gener-
ated, which can no longer be regarded as having zero cost. Industrial
wastes must be disposed of at a suitable landfill site or conditioned
and kept in-doors. Both procedures cost money, which is driving the
need to find suitable inertization treatments for hazardous wastes
and alternative uses for non-hazardous wastes [ 1-3]. Recycling, not
only in the processes of origin, but also in other industrial activities,
can help solving important issues related to wastes storage and the
preservation of limited natural raw materials supplies. To take full
advantage of the available opportunities, wastes must be regarded
as possible raw materials and, as such, carefully characterized in
order to correctly predict their behaviour during processing and
their effects on the final products.

The ceramics industry, given the high volume of materials pro-
cessed, stands as one of the largest consumers of natural raw
materials but has also the capacity and potential to make signif-
icant contributions to solving problems associated with wastes
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[4]. Research results from the past few years have shown that
ceramic products can incorporate different types of industrial
rejects, including those potentially hazardous, without degrada-
tion of properties [5-10], which suggests that the ceramics industry
might become the natural end-user of other industries’ waste mate-
rials. Although clay-based ceramics show a natural forgiveness
towards the incorporation of a variety of materials, in any given
ceramic industry the type of processing tends to be kept constant,
with only enough flexibility to accommodate eventual changes in
raw materials. Thus, the use of industrial wastes as alternative
raw materials can be considered viable only if the host industrial
process remains essentially unchanged and the quality and charac-
teristics of the product are not unduly affected.

Agate is a microcrystalline quartz mineral, a variety of chal-
cedony, commonly used in the form of semiprecious gemstones,
ornamental objects and grinding media. Most agates occur as
hollow boulders of eruptive rocks or ancient lavas and show a dis-
tinctive banded structure of peculiar shape and colour, which is
not disturbed during crystallization. Successive layers lie approxi-
mately parallel to the rock surface and can be seen in cross sections,
generally used for best aesthetic purposes.

Agate can be found in several Brazilian states but Paranda (PR),
Santa Catarina (SC) and Rio Grande do Sul (RS), in southern Brazil,
are the major producers of these gemstones. During stone bene-
ficiation, a significant amount of agate scrap is produced, which
includes the powder generated in the stone cutting and dry grind-
ing operations.
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Being a non-hazardous industrial sub-product, agate scrap can
be included in the large group of industrial wastes that are similar
in composition to the natural raw materials used in the ceramic
industry and can be not only compatible but also beneficial in the
fabrication of ceramics [7,11].

Porcelain and other traditional ceramics are processed from
three types of raw materials, namely plastic materials (generally
clays), fluxing materials (usually feldspars) and inert materials or
fillers (commonly quartz), which explains the label “triaxial” gener-
ally used to designate such ceramic systems [12]. Thus, agate scrap
might be usable as inert material or filler, replacing the usual quartz
sand, but might also have some beneficial effect on the vitrification
behaviour and microstructure development of porcelain.

When the processing conditions are kept constant, as is the ten-
dency in the ceramics industry, a number of properties of dried and
fired bodies are basically determined by the combination (or mix-
ture) of those three types of raw materials. This is the fundamental
assumption in the statistical design of mixture experiments (DoE)
used to obtain a mathematical description of any given property
[13-15]. The use of this methodology in the fabrication of ceramics
enables the prediction, in an expeditious way, of the effects of a
change in raw materials, or the proportions thereof, on the various
processing steps towards the final product. A detailed description
of the procedure can be found elsewhere [16,17], showing how
to accommodate restrictions imposed by processing on the raw
materials contents (the pseudo-component concept), the need for
replications of the experiments to better the confidence in the
experimental results and guarantee their reproducibility, and how
a regression polynomial is fitted to the experimental values and
validated.

In the present work, to investigate the suitability of quartz
sand replacement and optimize the agate scrap content, the
DoE methodology was used to mathematically model the
physical-mechanical properties, as functions of the proportions of
clay, feldspar and agate scrap present in the mixture of raw materi-
als, under constant processing conditions. The models so obtained
can then be used to select the best combination of those three
raw materials to produce, using that processing route, a porcelain
ceramic body with specified properties.

2. Experimental procedure

The raw materials used were kaolinitic clay supplied by
Mineracdo Tabatinga (Tijucas do Sul, PR, Brazil), potash feldspar
supplied by Colorminas (Criciima, SC, Brazil) and agate scrap pow-
der supplied by Aduvi Pedras do Brasil (Salto do Jacui, RS, Brazil).
The chemical analysis of the raw materials was carried out by X-ray
fluorescence (Philips PW 2400 wavelength dispersive fluorescence
spectrometer, with Rh X-ray tube). The major crystalline phases
were identified by X-ray diffraction (Philips X’PERT diffractometer
with monochromatic Cu Ka; radiation, and the JCPDS X-ray data
files) and quantified by rational analysis [18].

A {3,2} centroid simplex-lattice design, augmented with interior
points, was used to define the ten mixtures of those raw materials
that should be investigated. For each of these powder mixtures, the
particle size distribution was determined with a Cilas 1064 L par-
ticle size analyzer, after dispersing in de-ionized water containing
a few drops of deflocculant.

The processing methodology was kept constant and close to the
conventional porcelainized stoneware wall and floor tile indus-
trial practice. Mixtures with the selected compositions were wet
ground (residue left in a 325 mesh sieve below 1 wt.%), dried (24 h),
moisturized (7.0+0.3wt.%, dry basis) and granulated, to simu-
late the customary industrial slip spray-drying step, and uniaxially

pressed at 40 MPa (EMIC, 10 ton hydraulic press) to produce test
bars (70 mm x 25 mm x 5 mm, 20.0 g of material per test piece). The
test pieces were dried (110 + 5 °C until constant weight) and fired at
1180°C for 1 h (heating at 5.0 °C/min), followed by natural cooling.
For each composition, two independent batches were prepared and
processed (replications).

The bulk density of dried (DBD) and fired (FBD) test pieces
was calculated geometrically, using the dimensions (1 pm resolu-
tion Mitutoyo MDC-25 M digital micrometer) and weight (Denver
DE 100A digital analytical scale with a resolution of 1 mg) of the
test pieces. The water absorption (WA) was determined using
Archimedes’ liquid displacement method by immersion in boiling
water for 2 h. For each mixture, the final test result was taken as the
average of the measurements carried out on five test pieces.

The linear firing shrinkage (LFS) was calculated from the change
in length, upon firing, of the test bars (measured with Mitutoyo
callipers with a resolution of 0.05 mm).

The modulus of rupture of fired test pieces (MoR) was deter-
mined in three-point bending tests (EMIC digital test machine with
a 1mm/min cross-head speed, until rupture). For each mixture,
the final test result was taken as the average of the measurements
carried out on ten test bars.

The major crystalline phases present on fired samples were
identified by X-ray diffraction and their microstructure was stud-
ied on fracture surfaces (in natura and after HF-etching) by scanning
electron microscopy (SEM, Zeiss DSM 940, with an Energy Disper-
sion X-ray detector).

The results obtained for LFS, MoR, WA, DBD and FDB in the two
replications were used to iteratively calculate the coefficients of
statistically relevant regression equations (models) and response
surfaces, relating those properties with the proportions of the clay,
feldspar and agate scrap present in the unfired mixture. The calcu-
lations were carried out with Statistica 7.1 (StatSoft Inc., 2005).

3. Results and discussion
3.1. Mixture compositions

The chemical (XRF) and mineralogical (rational analysis) com-
positions of the kaolinitic clay, potash feldspar and agate scrap are
presented in Table 1. The three raw materials define the triaxial
composition triangle, shown in Fig. 1.

The chosen processing conditions require that lower bound
composition limits are used, and those were 20 wt.% clay, 15 wt.%

Table 1
Chemical (XRF) and mineralogical (rational analysis) compositions of clay, feldspar
and agate scrap (wt.%)

Constituents Clay Feldspar Agate scrap

Chemical analysis
SiO; 46.25 65.35 98.46
Al,03 35.27 19.11 0.21
Fe;03 2.11 0.04 0.02
TiOy 1.52 0.01 0.01
Cao 0.06 0.21 0.05
MgO 0.30 0.07 0.02
Na,0 0.05 3.33 0.09
K;0 1.15 11.64 0.01
LO.IL 13.21 0.16 1.13

Mineralogical composition
Kaolinite 86.00 = =
Muscovite 4.00 - -
Gibsite 4.00 - -
Microcline - 96.10 -
Quartz 4.00 - 98.00
Other 2.00 3.90 2.00
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Agate scrap

Clay Feldspar

Fig. 1. The raw materials triangle for the triaxial system clay-feldspar-agate, show-
ing the restricted pseudo-components triangle (light grey) and the simplex points
(studied compositions).

feldspar and 15 wt.% agate scrap. Thus, a restricted composition tri-
angle of pseudo-components was created (coloured grey, in Fig. 1)
on which a {3,2} augmented centroid simplex lattice (ten points)
was set. These ten composition points, also shown in Fig. 1, repre-
sent the mixtures to be investigated.

3.2. Measured properties and statistical analysis

Table 2 presents the measured values for LFS, MoR, WA, DBD
and FDB obtained for the two replications of the ten mixtures. With
such data, aregression equation was sought for each property, sub-
jected to a significance level of 5%, and the final results are shown in
Table 3. These equations are all referred to the triaxial components

clay, feldspar and agate (x1, x; and x3, respectively) so that mixed
raw materials can easily be used (i.e. raw materials which do not
lie on the apexes of the composition triangle in Fig. 1).

Table 4 shows the results of the variance analysis of the regres-
sions obtained for LFS, MoR, WA, DBD and FDB (major statistical
properties: p value, coefficient of multiple determination R2, and
adjusted coefficient of multiple determination, Ri), using the
nomenclature commonly found in the literature [14,15]. It can be
seen that all models are statistically significant at the required level
(p value <significance level) and present small variability (high
coefficients of multiple determination).

Table 4 also presents the results of lack-of-fit tests, used to check
the adequacy of the models. In these tests, the p value exceeds the
significance level, meaning that the models do not display lack of
fit [14,15]. In all cases, the errors could be considered randomly
distributed around a zero mean value (i.e. are uncorrelated), which
suggests a common constant variance. On the basis of this analysis,
theregression models obtained were accepted to describe the effect
of raw materials contents on LFS, MoR, WA, DBD and FDB.

The effect of each raw material on the studied properties can be
best visualized in terms of constant contour plots of the properties
surfaces, within the pseudo-components triangle.

3.3. Ceramic processing properties: dried body

The particle size distributions in all ten compositions were found
to be bimodal, peaking first between 1 and 5 pum (corresponding to
clay particles) and then between 10 and 20 pm (corresponding to
agate and feldspar particles), all particles being below 40 pwm. This
suggests high sinterability and optimizes the effect of quartz in the

Table 2
Measured values of LFS, MoR, DBD, FDB and WA obtained for two replications of the ten simplex mixtures
Mixture LFS (%) MoR (MPa) DBD (gcm—3) FDB (gcm—3) WA (%)
Replication 1
1 10.03 + 0.10 41.80 + 4.82 1.79 £ 0.01 2.16 + 0.01 6.38 & 0.21
2 13.62 + 0.13 54.54 + 5.52 1.57 + 0.01 2.33 £+ 0.01 0.07 + 0.02
3 3.01 £0.10 12.69 + 1.36 1.71 £ 0.01 1.75 £ 0.01 15.37 + 0.26
4 10.14 + 0.15 57.98 + 2.77 1.77 £ 0.01 2.31 + 0.01 0.13 £ 0.03
5 6.46 + 0.16 25.70 + 2.47 1.76 + 0.01 2.00 + 0.01 9.80 + 0.36
6 7.67 £ 0.11 27.01 £ 2.59 1.69 + 0.01 2.18 + 0.01 3.68 + 0.14
7 6.23 + 0.17 31.86 + 4.12 1.79 £ 0.01 2.14 £+ 0.01 6.12 + 0.24
8 6.32 + 0.11 29.95 + 3.38 1.84 4+ 0.01 2.15 + 0.01 5.27 £ 0.31
9 9.78 £ 0.15 47.04 + 3.53 1.75 £ 0.01 2.30 £ 0.01 0.15 £ 0.02
10 512 £0.13 19.58 + 1.90 1.76 £+ 0.01 1.96 + 0.01 10.41 + 0.42
Replication 2
1 a a 1.82 + 0.01 a 5.84 + 0.26
2 2 g 1.63 £ 0.01 2.30 £ 0.01 8
3 2.29 + 0.07 14.02 + 1.02 a 1.78 &+ 0.01 14.49 + 0.31
4 8.74 + 0.09 a 1.78 + 0.01 a a
5 595 +0.12 26.35 + 1.32 1.77 £ 0.01 1.97 + 0.01 9.03 £ 0.16
6 2 32.71 £+ 2.52 1.73 £ 0.01 2.15 + 0.01 3.97 + 0.11
7 a 26.93 + 2.51 1.76 £+ 0.01 a 4.63 £+ 0.17
8 7.67 £ 0.14 29.95 + 3.38 1.81 + 0.01 2.18 £ 0.01 a
9 11.41 + 0.17 51.48 + 3.47 1.71 £ 0.01 2.34 + 0.01 8
10 4.66 + 0.12 2132 £ 1.73 1.74 + 0.01 1.92 + 0.01 11.26 + 0.23

2 Some values could not be measured. Calculated averages refer to available values.

Table 3

Regression equations obtained for LFS, MoR, DBD, FDB and WA (x1, X2, and x3 are the clay, feldspar, and agate fractions, respectively)

Regression model

Property equation

Quadratic
Special cubic
Quadratic
Quadratic
Special cubic

LFS=16.16x; +28.21x3 — 2.06x3 — 43.49x1 X — 7.10x1X3 — 12.33X2X3

MoR = —8.56x; + 11.34x; — 39.45x3 +431.43x1 X, +249.86X1X3 + 300.34x,x3 — 1820.89x1 X2X3
DBD = 1.73x; + 1.14x; + 1.56x5 + 1.32x1 X2 + 0.28x1 X3 + 1.02x,x3

FBD =2.13x7 +2.15x; +2.21x3 + 1.12x1 x5 + 0.08x1 X3 + 1.83x2x3

WA =19.94x; +19.09x; +43.07x3 — 117.52X1 X2 — 81.42X1 X3 — 144.30x2X3 +440.30X1 X2X3
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X, (agate)

X, (clay) (feldspar) x,

Fig. 2. Predicted dried body bulk density (DBD) constant contour plot (gcm=3) as a
function of composition.

final sintered body [19,20]. Also, itis a guarantee that the green body
density will not change significantly with the mixture composition.

Fig. 2 shows the constant contour plot for the dry bulk density, as
obtained from the corresponding regression equation presented in.
The highest dry bulk density values (DBD > 1.80 g cm~3) are reached
in the composition area corresponding to high contents of plas-
tic material (clay contents of 50-70 wt.%, feldspar and agate below
30 wt.%). This can probably be explained by a particle packing effect,
since both agate scrap and feldspar contain larger particles [12].
Nevertheless, the DBD has the expected narrow variation range
(1.73+£0.075gcm™3, Table 2) and should not have a significant
effect on the fired body bulk density (FBD).

3.4. Ceramic processing properties: fired body

The effects of raw materials on fired body bulk density and water
absorption can be seen on the constant contour plots in Fig. 3,
obtained from the corresponding regression equations in Table 3.
Fig. 3a shows no similarity with the DBD contour plot, confirm-
ing that the observed changes in FBD are not caused by differences
in DBD. Fig. 3a also shows that FBD is nearly independent of the
clay content and the highest FBD occurs for agate/feldspar weight
ratios below 0.25, i.e. under the conditions used in this work, high
agate contents adversely affect FBD. As expected, Fig. 3b shows the
inverse trend, that is, increasing agate contents favour an increase
in WA, while increasing feldspar content contributes to lower WA.
Fig. 3b also shows that there is a comfortable composition range of
low-to-medium agate/feldspar weight ratios (below 0.45) to obtain
low WA (WA < 2.0 wt.%).

Fig. 4 shows the effects of raw materials on the linear firing
shrinkage and bending strength (MoR), as constant contour plots
obtained from the corresponding regression equations in Table 3.
It can be seen, from Fig. 4a and the coefficients in the LFS equa-
tion in Table 3, that feldspar (x;) has the strongest effect on LFS,
followed by the clay (x;). Fig. 4a also shows that the compositions
with the best (lowest) WA values (Fig. 3b) also present the high-
est firing shrinkage. Nevertheless, low firing shrinkage values (e.g.

Table 4
Major statistical properties, relevant for variance analysis and lack-of-fit tests

Property Regression Variance analysis results Lack-of-fit results

model

p value R? R% p value
LFS Quadratic 0.0476 0.9460 0.9189 0.2970
MoR Special cubic 0.0377 0.9504 0.99207 0.1391
DBD Quadratic 0.0006 0.9149 0.8821 0.6601
FBD Quadratic 0.0033 0.9796 0.9703 0.0744
WA Special cubic 0.0292 0.9804 0.9675 0.0829

(a) X, (agate)
/o
/ﬂ
23
X, (clay) (feldspar) x,
b) x, (agate)

X, (clay) (feldspar) x,

Fig. 3. Predicted fired body properties constant contour plots as a function of com-
position: (a) bulk density (FBD, gcm~3), and (b) water absorption (WA, %).

below 8.0%) can be reached within a broad composition area, for
agate contents above 50 wt.% and feldspar contents below 30 wt.%.

The effects of raw materials on the bending strength of fired
ceramic bodies (MoR), shown in Fig. 4b, are similar to those

(@) X, (agate)
10
12

X, (clay) (feldspar) x,

(b) X, (agate)

50

X, (clay) (feldspar) x,

Fig. 4. Predicted fired body properties constant contour plots as a function of com-
position: (a) firing shrinkage (LFS, %), and (b) flexural strength (MoR, MPa).
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Fig. 5. X-ray diffraction patterns of fired compositions 1, 7, 8 and 9 (refer to Fig. 1
for composition location): Q, quartz; M, mullite.

observed for the fired bulk density (FBD), shown in Fig. 3a, confirm-
ing the strong influence of FBD on MoR [21,22]. Figs. 3a and 4b show
that the highest (MoR > 50 MPa) and the highest FBD were found to
occur in same composition range, for agate/feldspar weight ratios
below 0.25.

3.5. Microstructure and mechanical behaviour

Quartz and mullite were the major crystalline phases identi-
fied by XRD in all fired samples. As an illustration, Fig. 5 shows the
X-ray diffraction patterns of compositions 1, 7, 8 and 9 (see Fig. 1
for composition location). Fig. 6 shows the HF-etched fracture sur-
faces of these samples, as observed by SEM. In these samples, free
quartz grains, that remained undissolved in the final microstruc-
ture, along with well-interlocked secondary mullite needles, can
clearly be seen. These observations agree with the three main
theories proposing explanations for the mechanical properties of
porcelain [12], which consider that the crystalline phases present,
dispersed in the vitreous phase, are the ruling factor influencing
the mechanical properties.

Fig. 7 illustrates the differences in pore morphology, as seen
on fracture surfaces by SEM, and shows that the raw materi-
als also affect closed pore characteristics and the microstructure
(see Fig. 1 for composition location). Upon firing, composition 1
(Fig. 7a) mostly contains isolated and irregular elongated pores,
in the 1-20 wm diameter range. Such pore morphology (i.e. irreg-
ular and elongated pores) can be due to a higher glass viscosity
caused by the low feldspar content, despite the high kaolinitic clay
content [6]. Fig. 7a also shows that the fracture surface follows

Fig. 6. SEM photographs of HF-etched fracture surfaces of fired samples, showing secondary mullite needles and residual quartz grains in compositions: (a) 1, (b) 7, (¢) 8, and

(d)o.
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Fig. 7. SEM photographs of fracture surfaces (in natura) of fired samples, showing the pore characteristics in compositions: (a) 1; (b) 2; (c) 4; (d) 9; (e) 3; (f) 5.

cracks around quartz grains, linking isolated pores. On the contrary,
fired compositions 2, 4 and 9 (Fig. 7b-d) are characterized by
isolated, spherical, small pores (1-15 pm). In comparison, compo-
sitions 3 and 5 (Fig. 7e and f) are clearly not well sintered, as they are
characterized by a large amount of profusely interconnected pores,

irregular in shape and in the size range of 10-40 m (composition
3, Fig. 7e) and 5-20 wm (composition 5, Fig. 7f).

It is generally accepted that bending strength in ceram-
ics decreases exponentially with increasing porosity, very much
dependent on the amount of liquid phase present at the firing
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Agate scrap
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0 0.25 05 075 1
Clay Feldspar

Fig. 8. Intersection of the MoR, FBD, DBD, LFS and WA surfaces (feasible region,
shaded) showing the composition range suitable for porcelainized floor tiles
production (LFS <9.0%, MoR>40MPa, DBD > 1.80gcm3, FBD>2.20gcm> and
0.5% < WA < 3.0%).

temperature, and that, the denser the fired bodies, the higher the
bending strength [12,19,23]. The influence of the microstructure
on the bending strength (refer to Table 2 for physical-mechanical
properties)is evident in some compositions, namely 3 and 5 (Fig. 7e
and f). These samples show a very porous microstructure (high
water absorption), which is clearly detrimental for the mechanical
properties.

3.6. Applicability, subjected to restrictions in product specification

Assuming that the raw materials and processing method studied
in this work were to be used in the production of porcelainized floor
tiles, hence in the Al (extruded) or BI (pressed) groups specified by
the European standard EN 87 [24] or the Brazilian standard ABNT
13818 [25], a set of constraints can be placed on the characteristics
of the final product, namely on the values of MoR, FDB and WA:

MoR > 40 MPa, FDB>2.20gcm > and 0.5% <WA <3.0% (1)

Fabrication imposes extra constraints, namely on the DBD and
the LFS (handling of unfired products, raw materials procurement,
die sizes):

DBD > 1.80gcm—3 and LFS < 9.0% (2)

The selection of an adequate mixture composition range (fea-
sible region) to satisfy all constraints translates into finding a
graphical solution (i.e. intersection) of equations in Table 3 (or the
constant contour plots represented in Figs. 2-4) combined with the
inequalities (1) and (2).

Fig. 8 shows the composition area (feasible region, shaded) suit-
able for the production of porcelain stoneware floor tiles with
the desired properties, i.e. within which LFS < 9.0%, MoR > 40 MPa,
DBD > 1.80gcm~3, FBD > 2.20 g cm—3 and 0.5% < WA < 3.0%.

For the particular raw materials and processing conditions used
in this work, the results obtained (Fig. 8) show that there is a
rather forgiving composition range of clay (43-60 wt.%), feldspar
(25-37wt.%) and agate scrap (15-22wt.%) contents capable of
meeting the imposed requirements. Those mixtures present close
values of linear firing shrinkage, bending strength, dried and fired
bulk density and water absorption, all within the specified proper-
ties range of values.

4. Conclusions

The results obtained in this work show that a non-beneficiated
reject material obtained from the agate extraction and beneficiation
industry (agate scrap) can be used to replace the traditional quartz

sand in the porcelainized stoneware floor tile industrial fabrication
with no major sacrifice to the properties of the final product or the
fabrication process. Such an alternative use of an otherwise useless
material can be translated into economic benefits and an important
and welcome relief on environmental and waste disposal concerns.

The design of mixture experiments and the use of response sur-
face methodologies enabled the calculation of regression models
relating the dried and fired ceramic bodies properties, after the
same processing, with the raw materials original contents. Those
models were then used to find the best combination of the par-
ticular raw materials to produce a ceramic body with specified
properties.

The use of intersecting surfaces showed that, for the particular
raw materials and fabrication process under consideration, there is
arather forgiving composition range of kaolinitic clay (43-60 wt.%),
potash feldspar (25-37 wt.%) and agate scrap (15-22 wt.%) within
which it is possible to simultaneously specify the values of various
technological properties, not only of the fired products but also of
the intermediate materials at important stages of the processing.
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