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Abstract: Within a research program concerning raw materials and products of the Italian heavy-clay industry, 75 clays
used by producers in the regions of Emilia-Romagna and Marche (central-northern Italy) were characterized by chemical,
mineralogical and grain size analyses to relate them to their utilization in the various brick and tile productions. From a
geological point of view, the clays considered are mainly belonging to Quaternary alluvial deposits and to Pliocene - Pleis-
tocene marine sediments. Raw materials show distinct chemical and mineralogical compositions, with the most significant
variations due to the content of carbonates. As regards the grain size distribution, all the samples can be classified as silty
clays or clayey silts. Moving on to the technological field. Roofing tiles and paving bricks are produced through complex
bodies which are mainly constituted of non-carbonatic clays, while carbonate-free clays are never employed for the hollow
products. As for soft-mud bricks, grain size distribution of the clays is the most important feature.
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Introduction

A research programme concerning the raw materials used by
the Italian brickmaking industry is getting on; it is focused on the
compositional characterization of the clays in order to point out
the parameters which are conditioning the behaviour of the raw
materials and their suitability to a certain production.

In the ambit of this project, the present paper deals with the
clays utilized in the plants of the regions of Emilia-Romagna and
Marche (central-northern Italy). On the whole 56 factories are
operating here, distributed quite uniformly on the territory (41
in Emilia-Romagna and 15 in the Marche). The production is
characterized by a strong diversification regarding both the ty-
pology of the bricks and the technological process. All the types
of heavy-clay products are represented, firstly masonry bri cks

and blocks, then hollow materials, roofing tiles and “’cotto” pav-
ing bricks. As it regards the processing, it can be pointed out that
up-to-date (equipped with fast dryers, tunnel Kilns, etc.) and
conventional plants (hand shaping, Hoffmann kilns and so on)
have more or less the same frequency.

Material and methods

Forty-eight brickmaking plants were taken into account, more
precisely 36 in Emilia-Romagna and 12 in the Marche; in each
factory the clays .utilized were sampled (75 on the whole)
together with the more representative heavy-clay products (to-
tally 70 samples). Furthermore, the most important remarks
about the technological process were collected, along with geo-
logical information regarding the raw materials.
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Fig. 1. Location of the sampling sites in Emilia-Romagna and Marche regions, with the indication of the geological unit the samples belong to.
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Fig. 2. Frequency histograms for CaO and SiO; concentrations relative to the various geological units.
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The clays were analyzed by the chemical, mineralogical and
grain size point of view. Chemical analyses were performed by
means of a X-ray fluorescence spectrometer (Philips PW1480)
using pressed powder pellets. Qualitative mineralogical investi-
gations were carried out by means of a X-ray diffractometer
(Rigaku Geigerflex with CuKe radiation) on random powder
samples; quantitative mineral composition was then calculated Ly = = 4}?;
through rational computing methods (Fabbri et al. 1986). The
grain size distribution was determined by means of a Micro-
meritics Sedigraph S000ET apparatus and wet sieving for the
coarser fraction.

According to Dondi et al. (1982), the ceramic clays studied
(Fig. 1) pertain to 6 main stratigraphical units, which were sam-
pled according to their industrial exploitation. Samples and ge-
ological features are:-

a - Holocene incoherent deposits of fluvial-deltaic environment,
30 samples; b - Upper Pleistocene alluvial deposits, 10 samples;
¢ - Lower Pliocene to Lower Pleistocene marly sediments (Lu-
gagnano and Santerno Formations), 23 samples; d - Upper /
Miocene pelites of the Colombacci and the Verghereto Forma-
tions, 4 samples; e - Lower Oligocene to Lower Miocene pelitic
member of the Ranzano Fm., 4 samples; f - Middle Eocene -
Lower Oligocene red clays (Montepiano Fm.) , 4 samples.

Units from (c) to (f) are essentially deep-sea pelites with a  Fig. 3. Granulometric classification of the samples in the Shepard’s
variable carbonate content, while (a) and (b) deposits are con-  diagram.
tinental.
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Table 1: Average chemical and mineralogical composition of the clays used by the brickworks in Emilia-Romagna and Marche regions.

Holocene Pleistocene Lugagnano Colombacci Ranzano Montepiano
(0=30) (0=10) (=23 (n=4) (n=4) (n=4)

X s X s X s X s X s X s
SiO2 5330 355 65.78 512 4811 3.69 46.02 4.07 56.44 473 60.05 427
AlO3 12.02 1.04 13.67 203 11.54 1.09 11.73 0.80 13.75 0.50 1638 189
TiO2 0.62 0.05 0.69 0.10 0.62 0.05 0.59 0.09 0.66 0.01 071 003
Fe203 471 0.51 5.01 0.62 453 0.50 434 0.62 5.59 029 6.05 029
MnO 012 0.01 015 0.06 0.10 0.01 011 0.01 011 0.03 018 0.02
MgO o 047 1.80 0.41 2.78. 031 289 0.74 363 0.58 288 052
CaO 10.55 243 286 318 14.10 34 15.39 164 5.70 281 189 155
Na0 124 031 1.02 032 111 024 1.09 0.14 1.46 028 124 035
K20 224 0.26 200 0.30 223 0.30 206 0.12 275 012 ‘ 316 055
P20s 0.14 0.02 0.10 0.04 015 0.01 0.14 0.01 0.11 0.00 012 002
L.O.L 1297 1.75 6.99 28 15.25 233 1633 177 9.40 246 731 219
Quartz 31 36 42 54 27 25 25 32 30 58 34 6.0
Feldspars 10 30 9 62 9 22 9 14 13 22 11 26
Calcite 17 43 traces* 25 52 25 22 9 48 ——
Dolomite | ' traces traces traces 6 52 traces 5
Illite 2 25 2 35 21 21 2 22 25 1.7 31 38
Chlorite 8 23 6 24 8 21 6 26 10 38 6 22
Kaolinite traces traces traces traces 4 17 5 50
Smectite 4 34 12 49 traces traces _ traces traces
Fe-oxides 3 05 4 0.7 3 04 3 05 4 0.0 5 10
Aocessories S 30 5 42 7 30 4 12 5 36 3 13

Legend: * with the exception of 2 samples which contain about 15% calcite; ** 2 samples contain 10% dolomite and the others 2 no dolomite.
L.O.I. - Loss on ignition; X - average concentration; S - standard deviation.
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Results

The chemical and mineralogical data are summarized in
Tab. 1, where significant statistical parameters for each group
of samples are reported. Frequency histograms for CaO and
SiO; concentrations are shown in Fig. 2, and grain size dis-
tributions are schematically evidenced by the Shepard’s diag-
ram (Fig. 3).

a - Holocene incoherent alluvial deposits

All the samples included in this geological unit come from
Emilia-Romagna. From a chemical point of view, the most con-
spicuous characteristic seems to be the variation of the CaO
content, about in the range 8 - 18%, even if the main part of the
data is comprised between 8 and 14%. These variations corre-
spond to analogous fluctuations of the carbonate contents,
which are mainly represented by calcite; most of the samples
containing significant amounts of dolomite come from Ro-
magna area. According to the carbonate contents the Holocene
raw materials are classified as marly clays or clayey marls.

Silica concentrations range from 48 to 60%, except one
sample with about 45% SiO», and they are inversely related to
calcium contents: the higher the carbonates, the lower the
quartz and the silicates. Among the latter phases quartz prevails
on plagioclase, while the phyllosilicates are principally con-
stituted by illite, chlorite and smectite (Tab. 1).

In agreement with the Shepard’s classification, the Holocene
materials can be classified as silty clays and clayey silts, the for-
mer being more abundant.

b - Upper Pleistocene alluvial deposits

These raw materials are used in Emilia (7 samples) and Mar-
che (3 samples), but no difference can be emphasized between
the two areas of provenance. They generally show a low content
of carbonates and high concentrations of silica, which vary in a
wide range from about 55% to about 73% SiO;, due to high
percentages of quartz. Among the phyllosilicates it can be
stressed the significant amount of smectite, which is the second
in order of abundance after illite (Tab. 1). Upper Pleistocene
sediments can be classified as clays or marly clays by considering
the carbonate content, or as silty clays or clayey silts according
to the Shepard’s diagram.

¢ - Lugagnano and Santerno Formations

Plio-Pleistocene sediments are largely used by brickworks
both in Emilia-Romagna (10 samples) and in the Marche (13
samples). These raw materials are characterized by rather nar-
row ranges of variation of the compositional and granulometric
parameters, with the exception of calcium concentrations, and
of carbonate minerals as a consequence. As a matter of fact,
there are 4 samples coming from the Marche which contain
more than 18% CaO and 36% caicite plus dolomite, instead of
an average content of about 13% and 24% respectively. The
main group of samples is represented by marly clays and clayey
marls, while the four Ca-rich samples are marls. The silicate
fraction is constituted by quartz and illite prevailing on plagio-
clase and chlorite (Tab. 1). All the Plio-Pleistocene materials are
silty clays with reference to the grain size distribution.

Si02 ® Holocene deposits QUARTZ + FELDSPARS
100 B Pleistocene deposits 100
A Lugagnano and Santernc Fm
@ Colombacci and Vergheretc
# Ranzanoc Fm
* Montepiano Fm
50 50 100 100
Al203 CaO CLAY CALCITE +
MIMERALS DOLOMITE

Fig. 4. Representation of the clays in the ternary diagrams:

a - Si02-Al203.Ca0 and b - clay minerals-carbonates-quartz plus feldspars.
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Fig. 5. Schematic representation of the combination among principal clay, secondary clay and temper in the bodies for the different heavy-clay

products.

d - Colombacci and Verghereto Formations

Messinian raw materials have compositions consistent with
those of marly sediments. About the chemical data, silica values
range from 41 to 51%, alumina and calcia in the intervals 11-
13% and 13-18% respectively. Mineralogy points out high con-
tents both in calcite and dolomite as well as relatively low con-
centrations in quartz and feldspars (essentially plagioclase). In
the <4 um fraction, illite is predominant over chlorite, while
kaolinite and smectite are present in traces. Grain size charac-
teristics correspond to silty clays in the Shepard’s sketch.

e-f - Ranzano and Montepiano Formations

The pelitic member of Ranzano Formation and the red clays
of Montepiano Formation are well known in the Italian ceramic
tile industry, because they have been largely used in the produc-
tion of the classic ”cottoforte” and red stoneware tiles respec-
tively in the district of Sassuolo. The carbonate content of these
raw materials is always quite low, but calcite is typical of Ran-
zano, and dolomite of Montepiano; silica and alumina values are
high and quite constant. Illite is usually very abundant, while
chlorite is more concentrated in the Ranzano Fm.; smectite is
always negligible (Tab. 1). From the grain size viewpoint, the
samples of both the Formations are classifiable as silty clays.

In summary all the variations of the three principal chemical
oxides (SiO2, Al;O3and CaO) are well evidenced in the ternary
diagram reported in Fig. 4a. It is clear that the main variation
range is relative to calcium concentrations, so that the points in
the diagram individuate a line along which the SiO2/Al,Osratio
is constant and equal to about 4.5. The points representative of
the clays belonging to Eocene and Pleistocene Formations are
located near the SiO2-Al,Oj3side; Pliocene and Upper Miocene
samples are the richest in calcium.

The indications above are well confirmed by the ternary diag-
ram based on the mineralogical composition, arranged by
grouping the phases as follows: clay minerals, carbonates, quartz
plus feldspars (Fig. 4b). Furthermore, an average ratio close to
1 can be deduced between clay minerals and quartz plus feld-
spars, while the carbonate content can vary up to 40%. These

observations are in good agreement with what previously re-
ported in the literature about both Italian and foreign clays for
the manufacture of heavy-clay products (Fiori et al. 1974; Lach
1979).

From a granulometric point of view, most of the samples are
silty clays, and they are suitable for the production of hollow
blocks (perforation > 40 %) according to Winkler’s diagram.

Discussion

As regards the use of the clays examined, some interesting
observations can be made considering Tab. 2, which simulta-
neously takes into consideration the number of clays and the
presence of temper in the body on one hand, and the type of
products obtained on the other. The body formulation for each
type of products can be schematized by a ternary diagram, whose
vertexes represent the amount of two clay raw materials and
temper respectively (Fig. 5). The more abundant clay is named
”principal clay” and the less abundant, if present, is named ”sec-
ondary clay”.

Paving bricks and roofing tiles

Neglecting pressed paving bricks, for which there are few
samples, it is worth searching for specific compositional ranges
of the clays for each kind of products.

The extruded paving bricks are made of bodies which consist
of two clays, with a ratio from 1:1 to 2:1, besides temper (Fig. 5);
the principal component is a non-calcareous iron-rich clay, while
the other one contain up to 20% of carbonates: the higher the
carbonate content, the lower the proportion of this latter raw
material.

The bodies for roofing tiles look like those for paving bricks,
as far as their formulation is regarded. In both cases a non-car-
bonatic clay is mixed with a carbonate-bearing one, and the two
clays are different also as far as the concentrations of aluminium
and iron are concerned, being these elements more concen-
trated in the non-carbonatic clay.
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Table 2: List of the routes to compose the bodies for different heavy-clay products.

; *
et | e | s
A c D E F
i no X XXXXX XXX
Holocene b X XXX XX
2 no XXXXXX XXXXX
yes X X X XX
1 no X X X
Pleistocene 3 no XXX X
yes XX XX XX
i no XX XXX
gandg yes X XXX X
Santerno 5 no XXXX X XX
yes XXX XXX XX XXX X
Ermbel [ - x xx x
Ranzano ¥ x
yes X XX
Montepiano yes XX XXX

Legend: *letters indicate: A-soft-mud bricks; B-extruded masonry bricks and blocks; C- hollow materials; D-roofing tiles; E-extruded paving
bricks; F=pressed paving bricks. The number of X" represents the frequency of each type of product.

**see text for the description of the geological units.

Soft-mud bricks

The situation regarding soft-mud bricks is more complex, be-
cause the bodies can be built up by using either only one clay or
a mixture of two clays and temper; in the former type of body,
moreover, temper can be present or not. This situation depends
on the fundamental needs of these products, which are asuitable
colouring and an abundant coarse fraction. As a matter of fact,
the clays used without temper contain about 30% of >20
microns fraction, while the other clays only contain about 15%
of it; the addition of temper, in a proportion around 20%, makes
all the bodies similar with reference to the grain size distribution. In
conclusion, it results that the clays, on the whole, present composi-
tional features which are variable in wide concentration ranges and
it is impossible to individuate well defined compositions.

Masonry and hollow materials

The chemical and mineralogical composition of the clays for
the bodies used to produce extruded masonry and hollow ma-
terials does not point out any specific characteristic relative to
the different products: common and facing bricks, masonry
light-weight blocks, hollow bricks, hollow floor blocks, hollow
slabs. This situation resembles that one already seen for the body
formulation of the same artifacts (Fig. 5), since the mixture can
be made by using one or two clays, with or without temper.
Nevertheless, if we analyze the results more in detail, we can
observe some features to be evidenced. Carbonate-free clays,
for example, are never used in the production of all the hollow
products, and those used for slabs and floor blocks show similar

compositions which fall in a restricted variation range, with
average values for SiO2, Al,O3and CaO around 53%, 12% and
11 % respectively. The clays used to produce hollow bricks are
slightly richer in calcium carbonate, so that the average data for
SiO2, Al;O3and CaO are 47.5%, 11% and 15% respectively, but
the silica/alumina ratio is always the same and close to 4.5.

Most of the clays for masonry bricks and blocks lie in the same
compositional field for hollow materials, and the silica/alumina
ratio is the same too; the remaining clays are practically carbo-
nate-free.

In conclusion, analogously to what concluded by Schmidt-
Reinholz (1986) about German raw materials for heavy-clay
industry, it can be seen that the clays of each geological unit are
used for different products; in particular, the Ranzano and Mon-
tepiano clays are exclusively utilized for the production of roof-
ing tiles and extruded paving bricks, always in complex bodies
built up of two clays and temper. Another singular case is rep-
resented by the production of pressed paving bricks, which are
cbtained by using a mixture of Pliocene and Pleistocene raw
materials, always without temper.

The production of soft-mud bricks is done by utilizing Ho-
locene to Upper Miocene clays; in most cases, the body is ob-
tained by mixing two different clays and temper as well. The
situation for extruded masonry and hollow materials (B and C
in Tab. 2) is almost the opposite, since you do not generally add
temper and the frequency of one or two clays in the body is
practically the same (Fig. 5).

Masonry and hollow bricks and blocks are produced by em-
ploying different geological types of clays, from the most recent
to the Upper Miocene ones.
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Conclusion

Emilia-Romagna and Marche are two regions where several
brickworks are operating. Most of the products fall within the
cathegory including masonry and hollow bricks and blocks; the
production of soft-mud bricks is developed too. This industry
employs clays of various geological provenance, from Eocene to
recent alluvial deposits.

The main common characteristic of the clays is, from a coni-
positional point of view, the SiO2/Al,Osratio, around 4.5, while
the more consistent variations regard the calcium and carbonate
content (up to 22% and 40% respectively).

With reference to the different types of artifacts, the most
characteristic clays seem to be the few used to produce roofing
tiles and paving bricks. Within the larger family including ex-
truded masonry and hollow bricks and blocks, the most uniform
of the clays are those for hollow slabs and hollow floor blocks.
As for soft-mud bricks, the most important feature of the corre-
sponding clays is the grain size distribution, which appear to be
characterized by an amount of >20 microns fraction as high as
30 %; temper is added if this amount of coarse fraction is not
present in the raw clay.
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@ nofta

Nafta with its headquarter in Gbely (West Slovakia) is
a company with a longterm tradition since 1913 when the
drilling of prospect wells for oil production had begun.

The company’s activity is divided into five areas:

1. Exploration in prospect areas of Slovakia which is
provided with own drilling rigs, work-over jobs, drilling
of the wells for home and foreign clients

2. Gas and crude oil production, providing geological
sevices of reservoir engineering

3. Storing of imported gas in underground gas storages
which are designed and constructed by Nafta

4. Building oil related machinery and repairing all
machinery related to drilling and production

5. Construction of gas and oil gathering centres as well as
gas storage facilities



EXPLORATORY DRILLING, BUSINESS
ACTIVITY, WORK-OVER JORBS

Nafta Gbely provides oil and gas exploratory dnlling within
Slovakia regions. Both prospects and production wells have been
drilled by drilling rigs of Romania production - array "I'"- and by
mobil rigs of IDECO-SBS-DIR range as well.

Our company offers its services for home and foreign clients. In
years 1972 - 1990 Nafta was involved in drilling projects in Iraq
(oil fields Maynoon, North Rumaila and Hamrin) and in 1985 in
Sweden for the hydrothermal programm.

Rigs of Nafta are capable of providing the following jobs for our
customers:

- On-shore oil and gas drilling up to 6 000 m (20 000 feet),
completion and well testing jobs included

- Work-over jobs

- Water and geothermal drilling, including well completion

- Injection & production well drilling and completion jobs for
gas underground storages

UNDERGROUND STORAGES FOR
NATURAL GAS

In 1983 Nafta completed the underground storage capacity of
1 650 mil.Nm?® with a maximum daily injection/production rate
of 248 m®. The total number of injection/production wells are
153.

The gas storage complex Lab is computer controlled and con-
nected to several gathering centers where the gas in treated by
a complex technolhgical by a complex technological process. ‘The
treated gas 1s transported from gathering centres to Lab by 8 -
10 km pipeline. The dried gas 1s distributed through pipelines to
acentral area, to a transit gas pipeline and into local gas network.

Gas 1s injected into depleted beds by six turbocompressor units
with a total power of 18 000 kW with a pressusre of 9.0 MPa.

Another storage capacity 0!‘180() milions m~ will be enhanced
while a daily rate of 8.5 mil. m~ of gas in 1995.

Total expected capacity will reach 4 mid Nm3hy completing the
development of the gas storage facilities Lab in 2005.

OIL and GAS PRODUCTION

Nafta Gbely has been providing oil and gas production in
Slovakia. There are two main regions with large gas reservoirs
- Vienna Basin (West Slovakia) and East Slovakian Lowlands.
About 500 wells are utilized for production.

Today crude oil production (with 60 000 - 70 000 ton produc-
tion per year) is concentrated in the Slovakian territory of Vienna
Basin with share of several older and nowadays deposits as well.

‘The main gas reservoirs are located in the Vienna Basin as well
as first of allin the Fast Slovakian [owlands with natural gasoline
gas deposits.

‘The average ycarly production of gas is 300 mil. cubic meters. Gas
from deposit Ptruksa is used for propane-buthane production.

Nafta plans on improving its carbonhvdrate production with en-
hanced secondary and tertiary stimulation methors in the future.

CENTRAL WORKSHOP

The central workshop plant, with an emphasis on construction,
1S @ machinery and maintenance facility for Nafta, Gbely.

The plant provides repair services for drilling machines and
devices, construction, and recondition of spare parts and the
production of a wide range of gas and oil technological units.

The machinery facility has been equipped with numeric-control-
led cutting machines. The specialists use up-to-date repair tech-
nology methods and heat-treatment at IPSEN track is provided
for products as well.

High quality production and repair services are guaranted by
using of up-to-date measure gauges and devices by well-known
producers, utilizing various methods of nondestructive defectos-
copy as well as new-built laboratories for metalo-graphic analysis
and mechanicaly testing materials.

The production capabilities of the plant involves - except others-
following products:

- elevators

- tool joints

- Stabihzers

- production filters

- dnll-collars

- various kinds of pressure tanks

- separators, drips

- store tanks

- beam-pumping units

- X-trees and many others

CONSTRUCTION SUBSIDIARY

‘The Nafta construction subsidiary provides the construction of oll
and gas production devices, building of control and store facilities.

Its products and services include low- middle- and high-pres-
sure pipelines, control stations, press-tests, repair and main-
tenance for gas facilities.

The safety testing and architectural design of all construction
projects are included.

NAFTA

908 45 GBELY - C.S.F.R.

Tel.: 0042 801/92273-8, 92313-4
Tix: 93 358
Fax: 0042 801/92249



