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APRESENTACAO

A obra “Forca, Crescimento e Qualidade na Engenharia Civil no Brasil” contempla
dezesseis capitulos com pesquisas sobre temas da engenharia civil no pais.

E sabido que a engenharia civil possui uma grande importancia no contexto social
no pais, uma vez que através dela é possivel projetar habitagées com fins sociais.

Da mesma forma, a engenharia civil proporciona solugbes sustentaveis, através de
aplicacbes lean construction ou ainda no desenvolvimento de sistemas que garantem o
saneamento basico, proporcionando qualidade de vida a comunidade.

Este livro aborda também pesquisas sobre o comportamento de materiais de
construcao, e proposta de novos materiais com a finalidade de avangar na construgéo civil
ou conhecer seu comportamento em determinadas situagdes criticas.

Apresentamos também estudos sobre patologias na construgéo civil, a fim de
entender seus efeitos e buscar alternativas para evita-las.

Por fim, apresentamos um estudo sobre a forma de ensinar engenharia, de modo
que esta area téo técnica seja valorizada como uma solucéo que pode transformar o pais.

Desejo que esta obra proporcione uma leitura agradavel e instigue o leitor a buscar
e realizar novas pesquisas, contribuindo para a forca, o crescimento e a qualidade da
engenharia civil no Brasil.

Franciele Braga Machado Tullio
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ABSTRACT: The blue quartzite of the Serra do
Espinhago, Northern of Bahia is marketed under
different commercial names, such as: “Azul
Imperial’, “Azul Boquira” and “Azul Macaubas”.
The bluish color, which generates the exotic
features to the rock, comes from the minerals rich
in boron, mainly the dumortierite. This ornamental
stone has high market value and, currently, has
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a great demand for this type of rock, mainly for
export. However, in some portions of this stone
pit, there are stain spots of yellowish to reddish
tons that cause the final price of the benefited
rock (slabs) to lose up to 40% of its market value.
Thus, the purpose of this work aims to characterize
this material in order to identify the minerals that
cause the stains and provide a chemical treatment
capable of returning the market value to the rock.
For this purpose, characterization tests were
used, such as: petrographic description of rock
samples, X-ray fluorescence (FRX) and X-ray
diffraction (XRD). Analyzes showed a presence of
minerals containing Iron (Fe), Aluminum (Al) and
Titanium (Ti), possible causes of such changes in
rock coloration.

KEYWORDS: Ornamental stones; Technological
characterization; Quartzite; Removal; Stains.

11 INTRODUCTION

Ornamental stones according to the
standards of ABNT - Brazilian Association
of Technical Standards (2013), ornamental
rocks constitute material natural stone used
in internal and external claddings, structures,
architectural composition, decoration, furniture
and funerary art. These rocks are composed
by certain properties to be used as cladding in
various applications: floors, walls, countertops,
sinks, counters, tables, etc. For a rock to be
considered ornamental, two basic requirements

must be obeyed:
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. Present aesthetic (ornamental) beauty, a continuous pattern, that is, they must
be homogeneous (without patches or holes occurring irregularly);

+  Contain technological characteristics, physical indexes, alterability indexes wi-
thin the standards acceptable by the technical standards.

The main types of rocks used as ornamental are marbles (metamorphic rocks)
and granites (igneous plutonic rock). This predominant classification in the market is
rather generic, and generally, does not correspond to the geological classification of the
rock. Currently, in the interior of Brazil, other types of rocks are being explorating, such
as quartzites, slates (metamorphic rocks from sedimentary protolithic), basalts (igneous
volcanic rock) and conglomerates (sedimentary rocks).

The chromatic pattern is the main attribute considered for the commercial qualification
of an ornamental rock and commercially the main ornamental rock groups are the granites
and marbles.

One of the characteristics that stand out in the choice of ornamental cladding is
its beauty. However, some minerals, when weathered, can cause changes in the desired
beauty pattern by decreasing considerably its economic value, as in the case of the imperial
blue quartzite, object of this research.

In addition to the desirable aesthetic part for ornamental and cladding rocks, the
selection and use of materials should take into account their characteristic that reflects the
physical-mechanical behavior of the rocks in the normal conditions of use, allowing the
diagnosis of visual pathologies due to inadequate selection and application of materials.

Mattos (2000) presents in Table 1 the pathologies found in rocks and its aesthetic

consequences.

DEFECT CAUSE CONSEQUENCE PREVENTION REPAIR
Slabs with ]
remains of Oxidation of Deep Cleaning pse of

Ruet and steel grit or Iron or on e21a(r:1I‘:1j slab Spemalf(p:rroducts

] i i Steel grit and
reddish spots in touch with a waterproofing removal
substances absorption by .
. the slabs in (It depends of

containing the rock

contact with [ron  spot intensity)
Iron and water

Rock with i i
Rust and oc . wi Minerals with Discard this type
; Iron minerals of None.
reddish spots rusty lron
rock

Table 1 - Pathologies, causes, consequences, prevention and repair in ornamental rocks.

Note: A selection of faulty slabs, out of the chromatic pattern or out of size and thickness must
be performed at the time of unloading of the plates.
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21 MATERIALS AND METHODS

The research carried out, from the point of view of its nature, can be classified as
applied, because it aims to find out a methodology for the removal of spots in the imperial
blue quartzite, from a demand of a rock company of the city of Nova Venécia / ES.

The approach to the proposed problem was quantitative, since the methane
sulphonic acid in the rock in question over a period of 216 hours. From the point of view
of their objectives, this was an explanatory type of research, since was intended to identify
and relate methanesulfonic acid (CH,SO_H - 7 — 10%) to exposure time. As for the technical
procedures used, it was experimental research, because the variables were analyzed as
time of exposure (Gil, 1994).

Previously the definition of the product to be used for stain removal, it was carried
out the following characterization tests: petrographic description, fluorescence (XRF), X-ray
diffraction (XRD) of the powder that fills the fractures. These tests were carried out by the
laboratories of the Mineral Technology Center (CETEM / NRES - Cachoeiro de Itapemirim -
ES) and Institute of Technological Research (IPT - Sdo Paulo - SP).

After the characterization a test, a rock sample with stains was submitted to

methanesulfonic acid reaction cycles as in Table 2.

EXPERIMENTAL

CYCLE TIME (h) CONDITIONS*
I 24 uncovered
I 48 covered
i 120 covered
v 144 uncovered
\% 216 covered

Table 2 — React cycles methanesulfonic acid (7-10%) on the rock sample.

*Experimental Conditions: In the uncovered condition, methanesulfonic acid was applied
on surface of the sample and left exposed to the environment. Covered condition reproduced
conditions similar to those used in industry. For this, the sample was covered with plastic.

31 RESULTS AND DISCUSSION

3.1 Petrographic Description

Macroscopic petrographic analysis described the rock as a blue quartzite with a thin
equigranular textural and fine / medium grain, with grains of up to 1 mm. Also presented

as minerals secondary brownish oxides in brownish and with clear evidence of percolation,
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sometimes intra-stratum and sometimes out of order the foliation. Mineralogical composition
of the rock can be observed in the Table 3.

MINERALOGICAL PERCENTAGE

COMPOSITION (%)
Quartz 75
Kyanite 15
Muscovite 7
Dumortierite 3

Table 3 - Mineralogical composition of the rock.

Microscopic petrographic analysis classified the rock as muscovite kyanite quartzite
(Best, 2003). The most important minerals for this work are described microscopically below:

»  Dumortierite: very strong pleochroism between shades ranging from deep blue
to colorless, lamellar habit with poorly developed cleavage planes. The crystals
are hipidiomorphic and are in rectilinear contacts with the quartz matrix. They
are found mainly in the S/ S, foliation and also filling discontinuous fractures.
The average sizes are 0.10 mm. Note: The percentage of this (3%) was much
lower than those found in the literature, which describe values between 15% and
20% (Figures 1 and 2).

Fig. 1 and 2 - Photomicrography of the sample in light natural and plane polarized light at 10x
maghnification, respectively. Dum = dumortierita; Tur = tourmaline; Cia = kyanite; Rut = rutile; Qz
= quartz; Ms = muscovite; Mon = monazite.
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»  Rutile: micrometric xenomorphic crystals occur exclusively in hydrothermal
vowels composing the association described above. In most occurrences, they
are in advanced secondary alteration, presenting the “cloud” microscope, cha-
racteristic of leucoxene, highlighting thus a reddish-brown coloration (Figure 3).

Fig. 3 - Photomicrography of the Imperial Blue quartzite showing the contact between a
hydrothermal venule with the quartzite matrix. Note the presence of rutile-associated tourmaline,
monazite and muscovite. Tur = tourmaline; Rut = rutile; Qz = quartz; Mon = monazite; Leuc =
leukoxen.

3.2 X-Ray Fluorescence (XRF)

The results of the chemical analysis of X-ray fluorescence (XRF), performed through
the AXIOS Panalytical model spectrometer, can be observed in the Table 4.

ogﬂﬁé”é?ﬁaq Al0;  Si02 P:0s KO  TiO: Fe:0s PPC

PER%‘E/L‘;TAGE 7.0 9,5 015 078 032 020 0.60

Table 4 - Chemical X-ray fluorescence analysis (XRF).

3.3 X-Ray Diffraction (XRD)

The result of the qualitative mineralogical analysis of the powder that fills the
fractures indicated the presence of quartz, mica (muscovite), kaolinite, pyrophyllite, feldspar
(microcline) and pomegranate (andradite) (Figure 4).
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Fig. 4 - X-ray diffraction of material “Rock-altering powder”.

3.4 Reaction Cycles of Methanesulfonic Acid (7 - 10%)

The applications of Methanesulphonic acid in the spotted rock attempted to
reproduce in the laboratory the procedures performed in the ornamental stone industry. It
is an unprecedented work, in addition to the difficulty of finding references in the area, the
methodology of covering or not the sample followed a determined by the researchers. The
effects of acid action on the rock may be observed in Figure 5 (A and B).

Fig. 5 - Comparative photos of the action of methanesulfonic acid on the imperial blue quartzite
surface.
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Figure 5A shows the previously stained rock before the application of methanesulfonic
acid. After 16 hours of the action of methanesulfonic acid as cycles under experimental
conditions (uncovered and covered), it is possible to observe a visual decrease in the
intensity of the spotting (Figure 5B).

41 CONCLUSIONS

The alteration of the rutile and monazite minerals generate products of reddish-
brown coloration, which, viewed under a microscope, resemble leucoxene, which are those
responsible for the spots found in the imperial blue quartzite.

Methane sulfonic acid demonstrated potential to remove stains on rock studied.
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