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RESUMO

O uso do ferro na arquitetura intensificou-se a partir da segunda metade do século XVIII na
Europa, e sua influéncia estendeu-se a varios paises em crescimento, como o Brasil. Belém
(PA) foi uma das cidades que recebeu maior nimero de edificios e ornamentos importados
nos séculos XIX e XX, provenientes especialmente da Inglaterra, Franca, Bélgica e Portugal.
Atualmente, Belém possui o maior nimero de representantes do patrimdnio arquitetonico em
ferro remanescente do pais. Apesar de serem testemunhos relevantes de técnicas construtivas,
alguns desses edificios foram desmontados, e permanecem no aguardo de ag¢des de restauro.
Além disso, os estudos acerca dessas construcdes, atualmente, sdo mais voltados para as
caracteristicas historicas gerais e visuais, sem destaque para o entendimento dos materiais de
construcdo, gerando processos restaurativos empiricos. O conhecimento sobre esses materiais
sdo importantes para o entendimento aprofundado de tipos de ligas metalicas utilizadas, bem
como diferentes tipos de fabricacdo e intemperismo atuantes, visando futuros processos
restaurativos com bases cientificas. O objetivo principal desse trabalho consiste em
compreender os metais em sua diversidade na arquitetura de ferro e sua fabricagdo, bem como
processos de degradagdo de edificios e ornamentos metalicos dos séculos XIX e XX em
Belém. Dessa forma, foram estabelecidos os seguintes objetivos especificos: a) caracterizagao
fisica, mineraldgica e quimica de ligas e patologias; b) identificacdo dos diferentes tipos de
ligas e formas de produgdo; c) tracar a evolucdo da metalurgia importada para a Amazodnia.
Os exemplares da arquitetura de ferro escolhidos para a pesquisa foram o Mercado de Ferro
do Ver-o-Peso, o antigo chalé de ferro da Imprensa Oficial do Estado do Para, e os
ornamentos dos timulos e mausoléus do Cemitério nossa Senhora da Soledade, em fungao de
sua representatividade frente a procedéncia e variedade de pecas. Os métodos utilizados
foram a Microscopia Eletronica de Varredura (MEV) para a caracterizagdo fisica e andlise
quimica pontual; e Difratometria de Raios-X (DRX) na identificagdo mineralodgica. Os
resultados, apresentados na forma de trés artigos, indicaram: 1) ligas de ferro compostas
majoritariamente por ferrita; 2) variagdes texturais indicando quatro classificagdes para o
grupo de edificios: ferro fundido nodular; ferro fundido cinzento tipo E; ferro forjado e ferro
fundido cinzento tipo B; 3) trés classificacdes de ferro cinzento para os ornamentos de
diversas proveniéncias, dentre A, B e D; 4) predominancia da corrosdo como produto da
alteracdo intempérica, constituida principalmente por goethita e hematita; 4) camadas de tinta
remanescentes, formadas por zinco metalico, e alteracdes representadas por zincita e

hidrozincita. A partir dos resultados desta pesquisa foi possivel identificar os processos de
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fabricacdo da arquitetura de ferro, e enriquecer com informagdes fisicas, quimicas e
mineraldgicas a historia desta modalidade arquitetonica, bem como subsidiar futuras acdes

restaurativas.

Palavras-chave: Arquitetura de ferro. Ligas metalicas. Produtos de intemperismo. Processos de

fabricagdo histdricos.



ABSTRACT

The use of iron in architecture was intensified during the second half of the XVIII century in
Europe, and its influence spread over many countries in growth, such as Brazil. Belém (PA)
was one of the cites that received the larger amount of building and ornaments imported,
especially from England, France, Belgium and Portugal, during the XIX e XX centuries.
Currently, Belém holds the largest number of iron architecture heritage remnants in the
country. Despite of having great importance in construction techniques, many of these
buildings were disassembled and remain on the wait for restoration processes. Also, studies
about theses constructions only focus on historical and visual discussion, with no
understanding of construction materials, causing empirical restoration processes. The
knowledge about these materials is important to the detailed study of historical metal alloys,
and different fabrication techniques, as well as weathering action, aiming future restoration
processes with scientific bases. The main objective of this research is to understand the
historical metals, their diversity in iron architecture and fabrication processes, and also
weathering action in iron buildings and ornaments from the XIX and XX centuries in Belém.
Thus, the following specific objectives were established: a) physical, chemical and
mineralogical characterization of alloys and pathologies; b) identification of different kinds of
alloys, in order understand the production types; ¢) determination of metallurgy evolution
imported to the Amazon. The materials chosen for this research came from three different
sites, due to their representativeness and diversity of pieces and origin: Mercado de Ferro do
Ver-0-Peso building; the former chalet from the State’s Press; and the ornaments from tombs
and mausoleums of the Soledade Cemetery. The methods used were Scanning Electron
Microscopy (SEM) for physical characterization and punctual chemical analysis; and X-Ray
Diffractometry (XRD) for mineralogical analysis. The results were presented in three
scientific papers indicating: 1) iron alloys mostly composed by ferrite; 2) textural variations
exhibiting four types for the building group: nodular cast iron, gray cast iron type E, wrought
iron and gray cast iron type B; 3) three classification of gray cast iron for the ornamental
group of diverse origins, among A, B and D; 4) corrosion as main weathering action, and
products constituted by goethite and hematite; 4) remnant paint coats, formed by metallic

zinc, and its products of alteration represented by zincite and hidrozincite. Through the results
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of this research it was possible to indicate the evolution of processes in iron architecture
production, and enrich this research area with scientific information, as subside for future

restorative processes.

Keywords: Iron architecture. Metal alloys. Weathering products. Historical fabrication processes.
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1. INTRODUCAO

1.1 LEVANTAMENTO DO PROBLEMA

O uso de elementos construtivos confeccionados em metais ¢ bastante antigo. Seu
emprego mais comum era em reforcos de construgdes, tirantes e pegas para consolidar
paredes, caracterizando-os como material secundario ou de apoio nas construgdes até o século
XVIII (Silva, 1987; Kuhl, 1998).

As técnicas para utilizagdo dos metais ja existiam desde as civilizagdes classicas, mas
s6 foram desenvolvidas mais intensamente no Ocidente a partir da Revolucdo Industrial,
permitindo aumentar a quantidade e a qualidade da producao dos produtos finais, diminuindo
ainda mais o custo da produgdo.

Tais elementos metalicos, especialmente o ferro, desempenharam papel importante em
numerosos setores no contexto pos-Revolucdo Industrial, como na constru¢do civil; na
produg¢do de variados maquinarios, aumentando o desempenho  produtivo; e no
desenvolvimento do transporte ferroviario, compondo trilhos, locomotivas e vagdes; entre
outros.

Em especial no contexto da construgdo civil, o emprego dos metais foi bastante
variado, desde a fabricacdo de ornamentos até grandes estruturas. Sua intensidade evoluiu até
mesmo para a confec¢do de edificios inteiramente metalicos, surgindo a tipologia
arquitetonica conhecida como “arquitetura do ferro” (Kuhl, 1998), importada da Europa para
diversos paises, como o Brasil.

Estas construgdes chegaram no pais para suprir a demanda das grandes transformagdes
pelas quais diversas cidades estavam passando, ja que tais edificios eram de facil transporte e
montagem. Entretanto, representou pequena propor¢ao na grande quantidade de edificagdes
feitas na época, mas nem por isso de pouco valor.

Uma das capitais brasileira mais influenciadas, pela arquitetura em questao foi Belém
(PA), durante o Ciclo da Borracha (séculos XIX e XX). Foram importados todos os tipos de
bens arquitetdnicos, dentre diversos exemplares de ornamentos, estruturas, mobilidrios
urbanos e edificios metalicos (Derenji, 1993).

Os exportadores da arquitetura de ferro que mais se destacaram foram a Inglaterra, a
Franca e a Bélgica. Dentre os exemplares arquitetonicos importados inteiramente em ferro
estdo: Mercado de Ferro do Ver-o-Peso; os chalés de ferro da UFPA, do Jardim Botanico

Bosque Rodrigues Alves, e da antiga Imprensa Oficial do Estado do Parad (IOEPA); os coretos
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das Pracas da Republica e Batista Campos; o reservatorio de dgua de Sdo Bras; e os galpdes
da Companhia das Docas do Para.

Em relacdo aos edificios que possuem ornamentos metalicos, os de maior destaque sdo
o Mercados de Carne do Ver-o-Peso, a antiga Livraria Universal, o Paris N’América e o
Arquivo Publico. Existem também remanescentes de diversas calhas, portdes, grades e gradis
importados espalhados pelas residéncias dos bairros mais antigos de Belém.

Fora do ambito da construcdo de edificios, outro grande acervo de ornamentos
metalicos ¢ o Cemitério Nossa Senhora da Soledade, com timulos e mausoléus de grande
valor histoérico e artistico.

Mesmo possuindo valor historico, tecnoldgico, social e arquitetonico, muitos desses
edificios e demais estruturas metalicas do final do século XIX e inicio do XX ndo existem
mais, devido as intensas transformag¢des urbanas. Muitos deles foram desmontados, e o
paradeiro das pecas que os compunham ndo ¢ conhecido, como por exemplo, as estruturas da

Estrada de Ferro de Braganca e o Reservatorio Paes de Carvalho (Figura 1).

- I 4 -
J . 8
) e b
. » N . .
L™ . g o

Figura 1 - Reservatorio Paes de Carvalho durante a sua montagem em 1907 (A); apds a sua
inauguragdo em 1908 (B); e durante a década de 70, quando j& compartilhava sua imponéncia com
constru¢des modernas (C). Fontes: Album da cidade de Belém do Para, 1908; Album da cidade de
Belém do Para, 1909; Acervo Dulcilia Acatauassu Nunes.

Outros, ainda, permanecem desmontados por varias décadas a espera de restauro e

remontagem, como o antigo chalé de ferro da IOEPA (Figura 2).



Figura 2 - Antigo chalé de ferro da IOEPA quando montado em 1978 (A) (Fonte: PONTES et al,
1973), e desmontado em 2007 (B).

Mesmo com desfalques, atualmente, a capital paraense ainda ¢ a cidade com o maior
nimero de representantes do patrimdnio arquitetonico em metais provenientes dos séculos
XIX e XX remanescente do pais (Silva, 1987; Kuhl, 1998). Os edificios da arquitetura do
ferro, ainda que em alguns casos esquecidos, sdo testemunhos relevantes do desenvolvimento
da historia, da técnica, ¢ de métodos construtivos. Essas edificacdes trazem, em sua
concepgao, inovagdes formais, espaciais e tecnologicas que devem ser preservadas.

Atualmente, os estudos acerca desses edificios sdo mais voltados para as
caracteristicas histdricas gerais e visuais em publicagdes regionais, sem destaque para a
compreensdo dos materiais de construcdo utilizados. Esta lacuna nas pesquisas impossibilita
diversos desdobramentos cientificos na conservacao e restauro de metais historicos, tais
como: 1) o entendimento mais aprofundado de tipos de ligas metalicas utilizadas por
diferentes fabricas; 2) a identificacdo de formas de intemperismo em metais historicos na
Amazonia; 3) as diferentes formas de fabricagao.

De acordo com Dillmann et al (2013), objetos historicos e estruturas arquitetonicas
antigas sdo relacionados com eventos passados e sua sobrevivéncia ¢ de grande importancia,
pois constituem uma parcela importante da histéria e do patrimonio. Sem o estudo voltado
para ciéncia dos materiais e a utilizacao de andlises laboratoriais, as praticas de conservagao e
restauro tornam-se empiricas.

Um dos primeiros passos para a conservacao e restauracdo ¢ o estudo detalhado dos
materiais antigos. As diversas propriedades que as ligas metalicas apresentam s3o essenciais
para o planejamento de qualquer agdo restaurativa (Collete et al, 2014).

Outro problema para a preservagdo dos metais histdoricos sdo as condi¢des ambientais

amazoOnicas, que aumentam exponencialmente o intemperismo em estruturas € ornamentos em
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ferro. Segundo Starley (1999), em publicagdes internacionais, a arquitetura metalica ndo sofre
grandes problemas de intemperismo quando comparado a artefatos arqueoldgicos, ja que ndo
estdo enterradas e podem ser conservadas a longo prazo. Entretanto, os parametros de
umidade e temperatura na Amazonia sdo diferentes das areas geralmente estudadas em
publicagdes internacionais voltadas para o patriménio historico metalico.

Em relacdo as questdes historicas e de procedéncia, existe a dificuldade de
informagdes acerca de estruturas e ornamentos metalicos importados para Belém. Segundo
Starley (1999), os edificios metalicos possuem a vantagem de possuirem datagdo, tanto no
ambito documental das fabricas por meio de registros, como na marcacdo nas pegas da
construc¢do. Entretanto, ndo ha a datacdo em muitos ornamentos da cidade, em especial por
muitos terem sido importados por iniciativa privada, mas também pela confec¢ao de copias de
muitos modelos europeus por manufatura local durante os séculos XIX e XX (Derenji, 1993).
Estes fatores dificultam o entendimento da evolucdo das técnicas de producdo de metais
importados para a Amazodnia.

Desta forma, o objetivo desta pesquisa ¢ de aprofundar os conhecimentos acerca dos
materiais da arquitetura de ferro dos séculos XIX e XX em Belém, em especial a
caracterizagdo das ligas metdlicas em seus diferentes tipos de producdo, bem como as
alteracdes intempéricas recorrentes em edificios historicos em ferro na Amazonia. Neste
trabalho serdo utilizadas técnicas instrumentais tipicas das geociéncias e ciéncia dos materiais,
aliadas a informagdes da arquitetura histérica, abrangendo o campo interdisciplinar da
conservagao e restauro.

O entendimento acerca dos metais antigos e suas alteragdes ¢ fundamental para agdes
de preservacdo e de futuros processos restaurativos, tais como nas agdes de sanar o avango de
patologias, escolha da melhor camada de protecdo a ser aplicada, bem como na confec¢do de

réplicas e proteses.

1.2 OBJETIVOS

O objetivo principal desse trabalho consiste em compreender os metais histdricos na
arquitetura de ferro dos séculos XIX e XX em Belém, bem como seus processos de produgio,
e identificar formas intempéricas, para subsidiar processos restaurativos.

Assim, foram estabelecidos os seguintes objetivos especificos: a) caracterizacao fisica,
mineraldgica e quimica das ligas metalicas e suas patologias; b) identificacdo dos diferentes

tipos de ligas para estabelecimento dos diversos tipos de producdo, dentre fundic¢des, forjas e
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chapas prensadas; c¢) determinar a evolucao da produgdo da arquitetura de ferro em Belém

(Figura 3).
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Figura 3 - Organograma dos objetivos gerais e especificos da tese

1.3 ESTRUTURA DA TESE

A tese seguira a estrutura do trabalho cientifico tradicional, nos itens: 1) Introdugao;
2) Revisao Bibliografica; 3) Materiais e métodos; 4) Resultados e discussdes; 5) Conclusao.

No entanto, o capitulo de Resultados e discussdes sera dividido em trés artigos,
atendendo as regras do PPGG/UFPA, referentes a trés objetos de estudo da tese de doutorado.
Os artigos foram escritos em inglés, e submetidos a periddicos internacionais e

interdisciplinares de Qualis CAPES Al e A2.



2. REVISAO BIBLIOGRAFICA

2.1 CONTEXTO HISTORICO: A INSERCAO DO FERRO NA ARQUITETURA

As técnicas da utilizacdo do ferro j& existiam desde a China Antiga (SEGURADO,
1992), mas s6 foram desenvolvidas a partir da segunda metade do século XVIII com o
advento da Revolugdo Industrial, que permitiu aumentar a quantidade ¢ a qualidade da
producdo de materiais metalicos, além de diminuir o seu custo. Antes da industrializacao
intensa, a utiliza¢dao do ferro na arquitetura tinha como objetivo principal equilibrar as forgas
horizontais no edificio, refor¢gando ¢ consolidando as estruturas. Entretanto, o
desenvolvimento arquitetonico ndo poderia ter sido viabilizado sem o dominio da produgao e
do uso dos metais, que influenciava diretamente na concepc¢do das construgdes (Lemoine,
1986; Khul, 1998).

O ferro foi primeiramente empregado como principal material na construgdo de pontes
e, a partir de 1830, na construgdo de ferrovias. Logo seu uso foi intensificado em outras
tipologias arquitetdnicas, como garagens, estagdes, € em equipamentos ferroviarios. A
aplicag¢do do ferro nas construgdes foi paralela as mudancas na sua fabrica¢do e dos avangos
nos estudos sobre sua resisténcia e comportamento estatico, fornecendo subsidios para dar
tratamento mais adequado as suas caracteristicas, e ndo mais o emprego em formas derivadas
dos materiais de construgao tradicionais (Lemoine, 1986; Khul, 1998). Assim, a utilizacao do
ferro tornou-se cada vez mais presente na construcao civil, com maior destaque entre os anos
de 1840 e 1860, especialmente em relagdo a produgdo britanica.

O uso do ferro na arquitetura comegou gradualmente, sendo aplicado em variadas
partes dos edificios, evoluindo posteriormente para construgdes inteiramente compostas deste
material (Lemoine, 1986). Apesar da baixa resisténcia a tra¢do, o ferro tinha grande
resisténcia a compressdo e facilidade de moldagem, sendo possivel criar também pecas
ornamentais rebuscadas para as fachadas dos edificios devido as possibilidades de moldagem.

O primeiro uso do ferro na arquitetura foram colunas de ferro fundido, em 1870
(Gideon, 1968), e com a evolugdo da produgdo industrial, este material comegou a ser
utilizado de varias outras formas, podendo ser forjado, laminado ou prensado em chapas.
Progressivamente, o ferro comecou a ser tratado como um material tradicional. Suas
caracteristicas técnicas e estéticas passaram a ser mais exploradas, atingindo expressao formal

propria.
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O uso do ferro ndo se limitou apenas a construg¢do civil, fazendo também parte de
diversos equipamentos urbanos. Durante o desenvolvimento das cidades do século XIX, ¢ o
grande niimero de projetos de intervengao urbana, o ferro foi uma boa opg¢ao de material a ser
empregado, por possuir boa durabilidade e ser de facil manutencdo. Foram construidos
coretos, fontes, quiosques, lumindrias, bancos, entre outros, que ainda permanecem em
algumas cidades até os dias de hoje.

A aplicacdo do ferro na arquitetura evoluiu para a sua utilizacdo em todas as partes do
edificio, desde a fundacdo até a cobertura, permitindo a concep¢ao de construcdes
inteiramente em ferro, que posteriormente foram caracterizadas como exemplares da
“arquitetura de ferro” (Silva, 1987), que foi considerada como uma revolugdo no campo da
construgao civil.

A arquitetura do ferro é composta de elementos a serem unidos e, se comparada a
outras modalidades construtivas, ¢ de simples montagem e de facil transporte. Empregava
elementos construtivos padronizados, que tornavam o pre¢o das construcdes relativamente
baixo, comparando com aquelas feitas de maneira tradicional (Kuhl, 1998). Com o avango
dos processos produtivos e a variedade de pegas, era possivel criar novos modelos e varias
combinagdes, proporcionando ao cliente compor uma edificacdo singular ainda que
construida com componentes arquitetonicos padronizados.

As companhias britanicas, que eram grandes produtoras de edificios metalicos,
referiam-se a essas construgdes como portable buildings ou exported buildings. Dentre os
produtores desta modalidade arquitetonica, destacaram-se a Gra Bretanha, e posteriormente, a
Franca, a Alemanha e a Bélgica (Kuhl, 1998). J4 as fabricas europeias de maior destaque
foram as do Reino Unido: Andrew Handyside & Co, de Londres; Charles D. Young & Co, a
Coalbrook Dale & Co, a Edward T. Bellhouse ¢ a Eagle Foundry, de Manchester; Francis
Morton & Co, de Liverpool; Frederick Braby & Co, John Walker, Milton Iron Work,
McDonell Stevens & Co e Samuel Henning , de Glasgow (Silva, 1987).

A arquitetura de ferro teve notoriedade durante as exposi¢des internacionais no século
XIX, que tinham como objetivo principal apresentar produtos industriais, colocando em
evidéncia os modelos das novas inven¢des de todas as esferas da atividade humana (Gideon,
1968).

Os edificios mais famosos do periodo das grandes exposi¢des foram o Palacio de

Cristal (1851), e a Galeria das Maquinas (1889). Entretanto, o apogeu do uso ferro foi durante



a exposicao internacional de 1889: a apresentagdo da Torre Eiffel, de Gustave Eiffel, para o
centenario da Revolugdo Francesa.

Dessa forma, a arquitetura de ferro ganhou grande notoriedade no contexto mundial.
Logo, os paises produtores de ferro puderam expandir o seu mercado e, consequentemente,
difundir essa arquitetura para ex-colonias, especialmente apds o sucesso das exposicdes
internacionais.

Os paises europeus produtores de ferro investiram em paises em ascensdo, como por
exemplo o Brasil, onde foram implantadas residéncias, estradas de ferro, mobilidrios urbanos,
entre outros componentes da arquitetura de ferro, para suprir a demanda das crescentes
cidades, e a ansia de nova tecnologia da classe dominante.

No século XVIII, a siderurgia no Brasil ndo era expressiva e ndo tinha destaque na
construcdo civil, se comparada ao uso de outros materiais nas constru¢des coloniais vigentes
na época. Apds a abertura dos portos as nagdes amigas, em 1808, as relagdes comerciais
brasileiras intensificaram com o fim do Pacto Colonial, e os produtos de diversos paises
europeus comecaram a ser exportados para o Brasil. Os produtos provenientes da Europa
eram majoritariamente industrializados, ja4 que o Brasil ndo possuia grande influéncia
industrial, nem manufatura necessaria para a demanda de novas constru¢des. Modernizagao
era a palavra-chave para a entrada destes produtos no pais.

Um dos paises exportadores mais beneficiados no inicio desse processo foi a
Inglaterra, em que varios edificios da fabrica inglesa Walter McFarlane’s foram importados
pelo o Brasil. Os ingleses foram os maiores responsaveis pela implantagdo das redes
ferrovidrias, como em S3o Paulo, com a constru¢do da Brazil Railway, além de diversos
edificios para atender a infraestrutura necessaria a essas redes.

A utilizacdo do ferro tornou-se uma técnica bastante procurada na arquitetura, por
suprir a necessidade de se construir rapidamente, possuindo leveza e transparéncia,
mobilidade e um sistema bem engrenado (Silva, 1987).

Gradualmente, os portos brasileiros se abriram para outras nagdes europeias com
metalurgia desenvolvida, como a Alemanha, a Franca e a Bélgica, esta representada
especialmente pela fabrica Forges d'Aiseau, detentora do sistema Danly. Além da Franca, a
Bélgica era a maior concorrente da Inglaterra, em relacdo a produgdo do ferro, e precisava do
mercado internacional para se expandir.

Os edificios metalicos foram importados para cidades brasileiras em que a economia

era crescente, como as de produ¢do de café, aglcar, algoddo e borracha. As capitais onde
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foram implantadas construgdes de ferro foram: Porto Alegre, Sdo Paulo, Rio de Janeiro,
Recife, Fortaleza, Belém e Manaus. Outros destaques sdo as ferrovias estabelecidas em Minas
Gerais e no Parana.

A tipologia de edificios metalicos mais recorrentes no Brasil foram os mercados,
majoritariamente provenientes da Bélgica e da Inglaterra. Os mais famosos exemplos sdo o0s
mercados de ferro de Sdo José, em Recife, e o Ver-o-Peso, em Belém, que até hoje sdo
utilizados de acordo com sua fun¢do original. Os exemplares da arquitetura de ferro
importados pelas cidades brasileiras em crescimento, despertaram grande interesse da
burguesia local, pois eram considerados protagonistas do langamento do periodo do

modernismo no pais (Silva, 1987).

2.1.1 A influéncia europeia na arquitetura de ferro em Belém: dos ornamentos as
estruturas complexas

A cidade de Belém teve expressivo crescimento econdmico durante o Ciclo da
Borracha, iniciado na metade do século XIX até o inicio do século XX. A capital paraense
cresceu e mudou nos aspectos fisicos, e até mesmo nos costumes dos seus habitantes (Derenji,
1993). Com o crescimento urbano acelerado, era necessaria a implantacdo de novas
edificagcdes, criando cendrio propicio a instalacdo de edificios de facil construcdo e
montagem. Logo, os edificios em ferro eram a solu¢do adequada para suprir as demandas do
crescimento acelerado da cidade (Silva, 1987; Kuhl, 1998).

Os investimentos estrangeiros, provenientes da Alemanha, Inglaterra, Franga e Bélgica
eram abundantes na capital paraense. Belém foi embelezada com produtos e edificios
importados, e por ser o principal ponto de escoamento da Amazonia, tornou-se a cidade que
possui maior acervo remanescente de edificios metalicos no Brasil.

Atualmente, Belém e suas redondezas possuem diversas construgdes metalicas, dentre
dois mercados publicos, dois refeitorios, estacdo ferrovidria, trés coretos, um reservatorio de
agua, um farol, trés residéncias, um pavilhdo; grande quantidade de componentes
arquitetonicos em edificios, como colunas, ornamentos e escadarias; e equipamentos urbanos,
como postes, quiosques, relogios e fontes (Kuhl, 1998).

Inicialmente o ferro foi difundido na arquitetura belenense por meio da utilizagdo de
ornamentos utilizados em portas, janelas, sacadas, guarda-corpos, € em diversas partes das

construcdes, importados de paises como Portugal, Inglaterra e Franca. Os produtos europeus
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eram vendidos por meio de catidlogos, que eram anunciados em revistas européias
especializadas que chegavam ao Brasil.

Na capital paraense, muitos edificios construidos na metade do século XIX e inicio do
século XX possuem ornamentos em ferro forjado ou fundido, que foram amplamente
importados antes do inicio da producao local pelo Instituto Lauro Sodré (Derenji, 1993). Os
detalhes decorativos europeus eram comprados pelo governo para a utilizacdo em edificios
publicos, mas também adquiridos pela populacdo que almejava ornamentos de qualidade e
beleza para as suas casas.

Uma das fabricas que exportou de forma intensa para a capital paraense foi a
companhia francesa Guillot-Pelletier Fils & Cie. Os antincios dessa fabrica eram constantes
nas revistas especializadas do século XIX (Figura 4A), e diversos edificios da cidade
apresentam caracteristicas muito semelhantes ao desenho dos anuncios. Essa companhia
inclusive importou pequenos edificios para Belém, como o coreto de ferro da praca Batista

Campos (Figura 4B).

NOS NOUVELLES GRILLES LEGERES

DONNERONT

un CACHET
ARTISTIQUE
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ALBUM ET RENSEIGNEMENTS GRATUITS
EN RAPPELANT OETTE ANNONCE A

GUILLOT-PELLETIER Fils et Cie

ORLEANS, 33, rueide la Gare - R. C. Oréam 3962
PARIS, 62, rue d'Hautevills (X"

Qaréfo: na” Prdea” Bavtista Camp h

Figura 4 - A Anuncio de ornamentos metalicos produzidos pela Guillot-PelletierFils et Cie, em revista
francesa (A); Coreto da praca Batista Campos (B). Fontes: Maumené, 1925; Acervo Dulcilia
Acatauassi Nunes.

A semelhanc¢a de ornamentos antigos de vérios edificios paraenses com os desenhos
de grades ornamentais anunciadas nas revistas estrangeiras, também representa a influéncia
europeia na producdo local. Varios modelos foram baseados naqueles vistos nas publicagoes,
visando o requinte e a modernidade dos edificios europeus, como, por exemplo, as grades do

Palacete Pinho, do Palacete Faciola e da Casa do Governador (Figura 5).
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g e e
Figura 5 - Guarda-corpos das varandas do Palacete Faciola (A), Casa do Governador (B) e Palacete
Pinho (C).

Além dos elementos arquitetonicos de fachada em vérios edificios, especialmente
publicos, foram inseridos demais elementos arquitetonicos como pilares, escadarias, e forros
metalicos. Um exemplo de edificio bastante conhecido por elementos interiores em ferro, de
procedéncia francesa, ¢ o Paris N’América. Outro, ¢ o Mercado de Carne, com estruturas
internas provenientes da Walter McFarlane’s.

Entretanto, além da construgdo civil, os ornamentos também fizeram parte da
arquitetura mortudria, como nas sepulturas do Cemitério Nossa Senhora da Soledade,
construido em 1850. E um dos tnicos cemitérios monumentais do pais e é considerado um
museu a céu aberto (Derenji, 1993) por conter importantes manifestagdes da arquitetura,
escultura e da simbologia funeraria do século XIX.

Além do vasto acervo artistico em rochas ornamentais, o cemitério da Soledade
abrange grande numero de portdes, grades e gradis confeccionados em metais, que fazem
parte das sepulturas.

Muitos desses elementos ornamentais provavelmente foram importados de outros
paises, devido ao tipo de confec¢do, incomum na producao local. Entretanto, durante uma
intervengdo do governo do intendente do Estado, Antonio Lemos, em 1905, foram inseridas
gradis, fabricados pelo Instituto Lauro Sodré, com o objetivo de embelezar as sepulturas sem
ornamentacdes (Lemos, 1902).

Além do grande acervo de ornamentos metalicos em sepulturas, o cemitério possui um
portdo e grades externas em ferro, importados da fabrica inglesa Singlehurts Muller & Cia, e
montados em 1853 (Lemos, 1902).

Além do uso de detalhes arquitetonicos metalicos em algumas partes das edificagdes,
existiam os edificios construidos inteiramente em ferro e desmontaveis, que foram bastante
difundidos na Europa Oriental, América do Sul e Africa, por meio das importagdes feitas da

Franca, Bélgica e Inglaterra.
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Inicialmente, as tipologias arquitetonicas que chegaram ao Pard eram de edificios
utilitdrios, como o0s reservatorios de agua, que configuraram constru¢des de grande
notoriedade, montados nos principais pontos de Belém, no final do século XIX e inicio do
século XX.

O primeiro reservatorio a chegar na capital paraense foi o reservatorio de Sao Brés,
montado em 1884, de procedéncia inglesa (Figura 6). Logo apds, em 1899, o Reservatorio
Paes de Carvalho foi importado da Franga, encomendado da fabrica francesa Boudet, Donon

& C“(Montenegro, 1908), mas que também continha ornamentos ingleses:

A construcgdo acha-se toda artisticamente adornada com placas de ago
recortado e com molduras de ferro fundido. Uma grade artistica e portdo monumental
cingem a base do edificio para isola-lo de todas as construcgées circumvisinhas. Ella
¢ da fabrica inglesa Walter Macfarlane & C* (MONTENEGRO, 1908).

cidade de Belém do Para de 1898; Acervo Dulcilia Acatauassu Nunes.

Devido a propagacdo da influéncia europeia nas construgdes paraenses, as
importagdes também voltaram-se para a aquisicdo de outras tipologias arquitetonicas, como
os mercados, muito populares na Europa. O exemplar adquirido pelo Governo do Pard em
1882 foi 0 Mercado de Ferro do Ver-o-Peso, inteiramente em ferro.

A constru¢do do mercado contou com varios projetos de diversos paises até a decisdo
do desenho final, ja que se configuraria como um edificio de grande importancia na cidade,
cabendo-lhe grandes investimentos e expectativas:

“A lei provincial n. 1,031 de 8 de maio de 1880, autorisou a construgdo de
um mercado de ferro n’esta capital. Foram apresentadas seis propostas: trés em
inglez, uma em allemdo e duas em portuguez.” (Carneiro, 1882)
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O Mercado de Ferro do Ver-o-Peso (Figura 7) trouxe ar de modernidade para a capital
paraense, assim como auxiliou a disseminar a qualidade dos produtos europeus sobre os
nacionais, destacando a falta de pratica na confec¢ao de pegas metalicas em Belém na época.
O edificio foi importado de uma fabrica inglesa, ¢ nenhuma das pecas que compunham a
construcdo foi confeccionada no Para:

“Tenho sido autorisado a apresentar o plano e or¢amento para um mercado
publico, que deve ser situado no local em frente ao Ver-o-pezo, e devendo esta obra
ser feita de ferro, como se usa nas obras modernas. D’esta ordem, pedi para
Inglaterra (...) Mandei vir do estrangeiro o plano, porque, ndo havendo aqui oficinas
em que taes obras e desempenhassem os engenheiros da provincia, embora zelosos e
habilitados para quaesquer trabalhos, se veriam baldos dos elementos, para fazer um
or¢amento; além de que teriam de formular moldes, que, sendo feitos expressamente,
importariam mais caros do que os que as casas fornecedoras d’estas obras na Europa

b

nos poderiam mandar, que se acham feitos e dispostos a serem combinados entre si.’
(Malcher, 1881).

Figura 7 - Area do Ver-o-Peso com a construgio do Mercado de Ferro (A); Mercado de Ferro do Ver-
0-Peso (B). Fontes: Album de Belém, 1902; PEREGRINO, 1942

Além dos edificios publicos totalmente metalicos existiram os privados, que em
Belém se caracterizam pelos chalés, famosos por serem construidos inteiramente em ferro e
desmontaveis. Estes foram importados para realizar a fungdo de habitagdo campestre ou de
férias (Silva, 1987), e possuem partido arquitetonico bastante disseminado na Europa do
século XIX. Inclusive, diversos anuncios de residéncias desmontiveis de ferro foram
encontrados nas publica¢des da época.

Os chalés de ferro em Belém sdo residéncias unifamiliares de proveniéncia belga, da
fabrica Forges d’Aiseau, ¢ construidos segundo o sistema Danly, criado por Joseph Danly.
Sao os Unicos exemplares residenciais no Brasil (Silva, 1987) construidos inteiramente em
ferro, e recebem a denominagdo correspondente a sua localizagdo. Eles sdo: o chalé da
Universidade Federal do Para (UFPA) (Figura 8A), do Bosque Rodrigues Alves (Figura 8B),
e o antigo chalé da Imprensa Oficial do Estado do Para (IOEPA) (Figura 9).



14

Figura 9 - Antigo chalé de ferro da IOEPA, em 1978. Fonte: Pontes et al, 1978

2.1.3 Transformacdes e permanéncias da arquitetura de ferro belenense: desmontagem
e esquecimento

Grande parte dos edificios metalicos que foram importadas para Belém, entre o final
do século XIX e inicio do XX, ndo existem mais. Devido as transformacgdes pelas quais a
cidade passou e os defeitos que as construcdes apresentavam, muitos deles foram
desmontados, € o paradeiro das pecas que os compunham ndo ¢ conhecido, como por
exemplo, o Reservatorio Paes de Carvalho.

O Reservatorio Paes de Carvalho, durante o seu funcionamento, passou por diversos

reparos para garantir a sua operacionalidade. Entretanto, depois de anos, de varios defeitos e
tentativas frustradas de reparos (Bentes, 1927), o reservatdrio foi desativado e permaneceu na
paisagem da cidade até a década de 70 do século XX, e sendo posteriormente desmontado e
excluido do cenério Paraense.

Nao se sabe o paradeiro das pecas que os compunham. As tentativas de salvaguarda da
memoria desse edificio sdo apenas referentes aos relatorios, documentos, fotografias e relatos

da época.
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Infelizmente, a perda da memoria dos edificios em ferro ndo cessou. Além dos que ja
se perderam, existem os que estdo em risco de desaparecer, como o antigo chalé de ferro da
IOEPA, desmontado em 1987.

A desmontagem dos chalés deu-se especialmente em funcdo da necessidade de espago
para construgdes modernas. O antigo chalé de ferro da IOEPA ndo teve a mesma sorte dos
demais chalés, que passaram por remontagens na década de 90, e permanece desmontado até
os dias atuais.

Inicialmente, as pegas do antigo chalé de ferro da IOEPA foram armazenadas no
Bosque Rodrigues Alves em condigdes extremamente inadequadas (Figura 10):

“Quem vé as pegas enferrujadas, cobertas por folhas, expostas ao sol e a
chuva, entre as arvores do Bosque Rodrigues Alves, ndo diz que se trata de um dos
trés remanescentes chalés de ferro belgas que Belém possui como heranga da fase
durea da borracha ” (O Liberal, 198-?)

b ol
. - o]

Figura 10 - (A) e (B) Pecas do antigo chalé de fefro da IOEPA depositado no Bosque Rodrigues Alves
no fim da década de oitenta do século XX. Fonte: Acervo Ronaldo Nonato Marques de Carvalho

Em 1991, as pegas do antigo chalé¢ de ferro da IOEPA foram transportadas para a
UFPA, e os trés chalés foram tombados em conjunto pela Secretaria de Estado de Cultura do
Parda (SECULT). As pecas que compunham o edificio foram guardadas no galpao do
Laboratério de Hidraulica, e em 1993 foram avaliadas e conferidas pelos arquitetos Geraldo
Gomes da Silva, Maria Beatriz Faria e Jos¢ Morgado, mas nenhum processo restaurativo foi
realizado.

O armazenamento dos componentes arquitetonicos do edificio no galpdo era
inadequado. O espaco nao era pavimentado e parte das pecas ficou em contato direto com o
solo, umidade e sujeira. A cobertura e as paredes do edificio que armazenava as pegas,
possuiam falhas por onde a 4gua da chuva penetrava, aumentando o processo de corrosdo dos

elementos metéalicos do chalé. Algumas pegas foram deixadas no exterior do galpdo, sem
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protecdo, o que intensificou ainda mais os processos intempéricos, € consequentemente o

risco de ndo serem mais passiveis de utilizacao (Figura 11).

Figura 11- Pecas do antigo chalé de ferro da IOEPA armazenadas no galpﬁode Engenaria Hidraulica
(A e B); pecas depositadas no exterior do galpao (C).

Por motivo de reforma, em setembro de 2008, as pegas do chalé comecaram a ser
remanejadas para o Setor de Transportes, também na UFPA. Ainda assim, o armazenamento

era inadequado, ja que boa parte das pegas ainda estava em contado com a chuva (Figura 12).

O =t -

Fig’ﬁra 12 - Pecas do anti;gdhc.l-lalné de ferro da IOEPA armazenadas no setor de transportes da UFPA

apds o remanejamento.

Diante dessa situagdo um registro foi realizado entre 2007 e 2008, na tentativa de
preservar uma parte da memoria da edificacdo, ja que esta se encontrava-se em risco de
desparecimento, em fung¢do do seu estado de degradacdo. O registro abrangeu a documentagao
de todos os componentes arquitetonicos do edificio, visando estudar as possibilidades de sua
remontagem1 .

Infelizmente, parte do patrimonio paraense em ferro, como o antigo chalé de ferro da
IOEPA, esta se perdendo pelo descaso com os edificios metalicos histdricos, aliado ao
crescimento da cidade que, cada vez mais, tenta excluir as construgdes antigas. Os chalés de
ferro, bem como os demais exemplares da arquitetura de ferro, representam uma tipologia

arquitetonica diferenciada, e sua memoria deve ser preservada.

" Registro desenvolvido pela autora em trabalhos anteriores (Palacios, 2011).
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2.2 FERRO FUNDIDO
Para esta pesquisa, o tipo de ferro em destaque ¢ o fundido, mais recorrentes nos

objetos de estudo.

2.2.1 Caracteristicas gerais

Os ferros fundidos sdo ligas a base de ferro com composi¢do quimica proxima ao
eutético ferro-carbono. A definicdo que separa agos e ferros fundidos ¢ o emprego de
aproximadamente 2% de carbono.

Esse tipo de metal apresenta de modo geral resisténcia a corrosdo muito baixa nos
diversos meios (4gua, solo e ar). Assim, sdo aplicados protecdo adicional, em geral
revestimentos metalicos, sendo o mais comum o de zinco (Fontinha & Salta, 2007). A textura
do ferro fundido ¢ granular quando quebrado, como facilmente se pode observar com uso do
microscopio 6tico com ataque acido (Colpaert, 2008).

Os ferros fundidos apresentam a pressdo ambiente (latm) uma uUnica estrutura
cristalina, estavel até seu ponto de fusdo: a ferrita. Entretanto, possui polimorfismo,
apresentando duas estruturas cristalinas a pressdo ambiente dependendo da temperatura. As
estruturas de ocorréncia mais comum sao as compactas tipo CFC e ndo-compacta CCC.

As baixas temperaturas (até 912° C) o ferro tem a estrutura CCC. Acima desta
temperatura, a estrutura CFC torna-se mais estavel. Acima de 1394°C, a estrutura CCC volta a
ser estavel até o ponto de fusdo do ferro (1535°C). Assim, as diferentes fases do ferro sdo

estaveis em diferentes faixas de temperatura e de pressao (Figura 13) (COLPAERT, 2008).
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Figura 13: Diagrama de equilibrio ferro-carbono. Fonte: GUESSER, 2009
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As principais variedades de ferros fundidos existentes distinguem-se, basicamente,
pela forma como se precipita o carbono: na forma de grafita, referente ao ferro fundido
cinzento (ver item 2.2.3), ou na forma de cementita, para ferro fundido branco (Colpaert,
2008). A forma de precipitagdo do carbono vai depender do efeito da velocidade de
resfriamento do ferro, sendo que, as mais lentas favorecem o equilibrio, com a formagdo de
grafita durante a solidificacdo (Ferry & Xu, 2004; Colpaert, 2008), enquanto que as mais
elevadas conduzem a solidificagdo metaestavel, favorecendo a formacdo de cementita
(Colpaert, 2008).

Outra classificagdo comum dos ferros fundidos diz respeito ao aspecto de sua fratura:
quando o carbono esta combinado em cementita, a fratura ¢ de aspecto claro, e estas ligas sdo
chamadas de ferro fundido branco. As fraturas das ligas que contem grafita nas estruturas sao

escuras, acinzentadas. Por analogia, estas ligas s3o chamadas de ferros fundidos cinzentos.

2.2.2 Producio: matéria-prima e técnicas

O ferro ¢ encontrado em numerosos minerais, destacando-se a hematita (Fe,O3), a
magnetita (Fe;O4), a limonita (FeO(OH)), a siderita (FeCOs), a pirita (FeS;) e a ilmenita
(FeTiOs). A associagdo do ferro a diversos outros elementos ndo desejaveis torna necessario
submeté-lo a processos metalurgicos e siderurgicos para a sua utilizagdo. Os minérios de ferro
muitas vezes sdo associados a certos minerais, que constituem a sua ganga, como por
exemplo, quartzo, calcita, fluorita, dolomita, barita, dentre outros.

Somente por volta do terceiro milénio a.C., o homem desenvolveu técnicas de
extragcdo e da fundicdo do ferro, difundindo o seu uso. Até o século IX a.C. os fornos eram
bastantes rudimentares, a ponto de ser necessario quebra-los para extrair o material produzido
em alta temperatura (Montagni, 1999). Neles, o carvao vegetal era utilizado como gerador de

calor (Figura 14).
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Figura 14 - Utilizacdo de fornos rudimentares na China antiga, com uso de carvdo. Fonte: Andrieux,
1991.

No periodo medieval, surge um novo tipo de forno de fusdo de origem nordica, o
forno Osmund, provavelmente um dos primeiros passos para a evolucao do alto forno. Essa
estrutura representa uma tentativa de aumentar a altura do forno e isolar os residuos do metal
fundido.

Ap6s o século XIV foram desenvolvidos fornos capazes de reduzir o 6xido de ferro a
ferro metalico, e também fundi-lo, permitindo que o produto metalico fosse facilmente
retirado do forno na forma liquida e, adicionalmente, fundido nas formas desejadas, em
ornamentos bastante detalhados (Colpaert, 2008). Nesse periodo era usual a utilizacdo de
ferros forjados, comuns em ornamentos da arquitetura de ferro historica, que sdo resultantes
de modificag¢do de ferros fundidos. O forjado provém da martelagem e conformacdo manual
de barras de ferros fundidos, e apresentam micrografias relativas a deformacdo, ainda com
presenga de muitas impurezas (Blakelock et al. 2009).

A partir da Revolucao industrial foi iniciado um processo de melhoria continua, com a
mudanga da forma do forno e a inclusdo de equipamentos hidraulicos, assim, aumentando a
produgdo de ferro fundido. Logo apds, foi realizada a instalagdo dos fornos de “afinagem” do
ferro, para transforma-lo em ago, como os fornos de pudlagem. Com o passar dos anos,
atingiu-se o progresso da industria siderurgica, aperfeicoando a producdo para tornar mais
barato o produto e a0 mesmo tempo melhorar as suas propriedades.

Para melhorar a qualidade do ferro utilizado na construcdo civil, foram iniciadas as
tentativas de separar os componentes da ganga, por meio de processos metalliirgicos, tais
como lavagem, trituragdo, crivacdo, separacdo de minerais por meios quimicos e elétricos,
dentre outros. Esses processos evoluiram até alcangar as técnicas complexas de producgdo

atuais, sem a presenca constante de impurezas nas ligas de ferro (Segurado, 1992).
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2.2.3 Microestrutura

O advento da microscopia possibilitou a classificacdo dos ferros fundidos em relacao a
sua microestrutura. Os ferros que contem grafita sdo classificados, primeiramente, pela forma
da precipitacdo do carbono.

A forma, tamanho e distribuicio da grafita afetam, de forma decisiva, o
comportamento dos ferros fundidos. Propriedades mecanicas, elétricas, magnéticas e
térmicas, dentre outras, sdo diretamente dependentes das caracteristicas da grafita. Para os
ferros fundidos cinzentos, a grafita ¢ classificada em cinco tipos: A, B, C, D ¢ E (Rivera et al,

2003; Collini, 2007; Colpaert, 2008; Guesser, 2009) (Figura 15).

Figura 15 - Ferro fundido cinzento tipo A (A) tlpo B (B) t1po C (C), tipo D (D), tipo E (E) e ferro
fundido nodular (F). Fonte: COLPAERT, 2008

A grafita tipo A, com distribuicdo aleatdéria de lamelas de tamanho uniforme, ¢ em
geral associada as melhores propriedades mecanicas e ¢ a mais indicada para aplicagdes de
engenharia (Fan et al, 2014). A grafita do tipo B estd associada a baixa nucleacao: as lamelas
formam-se inicialmente pequenas e aumentam de dimensdo, a medida que o crescimento
progride.

A grafita do tipo C ocorre quando ha nucleacdo primaria de grafita, que pode
comprometer a resisténcia mecanica, por isso, ¢ pouco utilizada em grandes estruturas. As
grafitas de morfologia D e E sdo grafitas finas, provenientes, em geral, do resfriamento rapido
em condi¢des de nucleacdo insuficiente. Embora a grafita fina seja favoravel para a
resisténcia mecanica, ela pode gerar uma liga metalica mais quebradiga (Ferry & Xu, 2004;
Xu et al, 2004; Colpaert, 2008; Guesser, 2009).

Além do ferro fundido cinzento, hd também o ferro fundido ductil ou nodular, que
apresenta grafita em forma circular. O ferro fundido nodular permite combinar propriedades
dos ferros fundidos e dos agos. A caracteristica fundamental destas ligas estd no ajuste da
composicdo quimica e na inoculagdo do metal liquido, de modo a favorecer a formagao de

grafita em nddulos, ao invés de veios (Colpaert, 2008; Guesser, 2009).
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2.2.4 Componentes quimicos e mineralogicos constituintes

Além do carbono, que nem sempre ¢ um elemento desejado, ¢ possivel encontrar

diversos elementos quimicos na composi¢do das ligas de ferro. Tais elementos podem ser

adicionados para garantir caracteristicas diferenciadas ao material produzido, especialmente

no que se refere a formagdo da grafita, como por exemplo silicio, manganés, enxofre, e

fosforo. Tais elementos quimicos atuam:

Carbono: nos produtos industriais, sua concentracao estd compreendida, geralmente, entre
2,0 e 4,0%, e com teores baixos ha tendéncia para formar-se ferro do tipo branco. Porém,
a medida que o teor de carbono cresce, melhoram as condi¢des para a formacao de grafita
e de se obter, portanto, ferro cinzento ou outra variedade grafitica (Blackmore, 1982).
Silicio: depois do carbono, este ¢ o elemento mais importante nos ferros fundidos
(Thomas et al, 2012), pois reduz a estabilidade da cementita, favorecendo assim sua
decomposicdo em ferrita e grafita (Radzikowska, 2004; McCowana et al, 2009). Quando
visa-se a obtencdo de ferro fundido com grafita, a adicao do silicio ¢ um fator importante.
Com pouco ou nenhum silicio, o ferro fundido apresenta, em geral, fratura branca.
Enxofre: esta substancia tem papel primordial na morfologia da grafita formada no ferro
fundido. O ajuste dos teores de enxofre e manganés em ferros fundidos cinzentos ¢é
fundamental para a garantia das propriedades mecanicas desejadas (Daixin, 2008).
Manganés: o manganés dificulta a decomposicdo da cementita, mas seu principal papel
nos ferros fundidos comuns ¢ neutralizar a agdo do enxofre (Xu et al 2005; Colpaert,
2008), formando com este MnS, da mesma forma que nos agos (Fan et al, 2014).

Fosforo: em teores elevados, contribui para a fragilidade e atua como estabilizador da
cementita (Abassi et al, 2007). O fosforo aumenta a fluidez do metal liquido, permitindo
fundir pecas mais finas e de contornos mais nitidos. Entretanto, o uso desta substancia
para este fim deve ser ponderado, devido ao seu efeito sobre as propriedades mecanicas,

as quais tornam o ferro fragil.

2.3 PROCESSOS E PRODUTOS DE INTEMPERISMO NA ARQUITETURA DE FERRO

Os edificios metalicos podem manifestar varias causas de deterioracdo, resultado de

alteracdes quimicas, eletroquimicas, fisicas, ou ainda combina¢des entre elas. Contudo, o

motivo principal de sua degrada¢do ¢ a corrosdo, que produz alteracdes nas estruturas do

material, modificando seu equilibrio (Fontinha & Salta, 2007).
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O termo “corrosdo” pode ser definido como a reagdo do metal com elementos do seu
meio, na qual ¢ convertido a um estado ndo metalico. Quando isso ocorre, o metal perde suas
qualidades essenciais, tais como resisténcia mecanica, elasticidade e ductilidade, haja vista
que o produto de corrosdo formado ¢ extremamente pobre em termos destas propriedades.

O processo de corrosdo nos edificios metalicos geralmente resulta na diminuicdo da
resisténcia dos componentes das construgdes, devido a variagdes quimicas ou modificagdes
estruturais, tais como reducdo da sec¢do dos elementos, causando irregularidades e perdas na
superficie do material (Gentil, 2007).

A corrosdo pode ser de modo geral classificada como corrosdo seca ou aquosa, esta
segunda ¢ mais recorrente, em especial em climas umidos, como o da Amazoénia. Em
praticamente todos os casos de corrosdo aquosa, a reacdo ¢ essencialmente de natureza
eletroquimica.

Sdo muitos os fatores que determinam a intensidade do processo de corrosdo dos
componentes metalicos. A velocidade de corrosdo de um metal ndo pode ser especificada sem
mencionar as condi¢des precisas do meio em que este estd inserido. Os meios considerados
mais relevantes na construgdo civil sdo a atmosfera, a 4gua e os solos (Fontinha & Salta,

2007).

2.3.1 Meios corrosivos: atmosfera, agua, e solos

Na corrosdo causada por agdes atmosféricas, o fator de maior destaque nos processos
intempéricos € o vapor d’agua, que muda de acordo com as variagdes climaticas, estagdo do
ano ¢ local. Estes fatores influenciam diretamente na formagdo dos eletrolitos das reagdes
eletroquimicas.

A magnitude da corrosdo do metal na atmosfera depende essencialmente, do tempo de
permanéncia da pelicula de agua na sua superficie, e esta depende da alta umidade ou
ocorréncia de precipitacdes (Figura 16).

Tais situacdes sdo aplicadas também em atmosferas interiores. Nelas, o metal podera
entrar em contato com agua devido a fendmenos como a condensa¢do e a infiltragdo. As
atmosferas interiores podem também, apresentar-se contaminadas por agentes cOITosivos,

dependendo da atividade realizada no edificio.
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Figura 16 - Pecas do antigo chalé¢ de ferro da IOEPA expostas a constante precipitacdes (A), e
expostas a ambiente de elevada umidade (B)

Alguns componentes metalicos podem estar enterrados no solo, como por exemplo,
tubagens e estacas (Figura 17). Devido a grande variedade de solos existentes e a
heterogeneidade, o perfil de corrosividade também ¢ muito variado, em fun¢do da capacidade
de reten¢do de dgua, presenca de substancias dissolvidas na agua, variagdes nas concentragdes
dos constituintes soluveis, dentre outros fatores (Ramanathan, 2007). De modo geral, os solos
argilosos e imidos sdo os mais corrosivos devido a presenca significativa de matéria organica

e permeabilidade a agua (Fontinha & Salta, 2007).

2.3.2 Anomalias em edificios e ornamentos metalicos

As anomalias resultantes da ocorréncia de corrosdo dividem-se em dois tipos:
anomalias superficiais, quando a perda de metal ¢ muito superficial, tendo como consequéncia
apenas alteracdes do aspecto da superficie metalica; e anomalias profundas, em que a perda
de metal sofrida pelo componente ¢ mais significativa e pode ter consequéncias graves no
nivel da sua funcionalidade, seguranca ou para a qualidade do meio envolvente (Fontinha &

Salta, 2007).
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a) Anomalias superficiais:

Nestes tipos de anomalias os danos de corrosdo ocorridos tem por principal
consequéncia alteragdes de carater estético. Os principais sintomas apresentados pelos
componentes metalicos, com este tipo de anomalias sdo:

* Perda de brilho/Esbranquicamento (Figura 18A);
* Alteracdo de cor (Figura 18B);

* Empolamento e destacamento de revestimentos (tinta) (Figura 18C).

Figura 18 - Chapa do antigo antigo chalé de ferro da IOEPA, com esbranquigamento (A); coluna com
perda de brilho e alteracdo de coloragdo (B); estrutura com empolamento e destacamento da camada
de revestimento (C).

b) Anomalias profundas:

Nestes tipos de anomalias, os danos de corrosdo ocorridos afetam a integridade e
funcionalidade do componente metalico. Quando ocorrem estes tipos de anomalias, ¢é
normalmente necessario proceder a reparagdo do componente ou a sua substituicdo por outro,
de material mais resistente a corrosdo. Os principais sintomas apresentados pelos
componentes metalicos, com este tipo de anomalias sdo:

* Perfuracao;
* Diminui¢do de espessura (Figura 19A);

* Perda de elementos ou de partes do componente metélico (Figura 19B);

* Fissuras/ Fraturas (Figura 19C):

Figura 19 - Pecas de vedacdo do antigo chalé de ferro da IOEPA com diminui¢do de espessura (A);
perda de partes (B); e fratura (C).
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3. MATERIAIS E METODOS

3.1 ESCOLHA DO ELENCO: CRITERIOS DE SELECAO DOS OBJETOS DE ESTUDO

Devido a grande quantidade de edificios e ornamentos metalicos em Belém, e a
impossibilidade de estudar, todo o universo da arquitetura de ferro da cidade, foi necessaria a
selecdo dos objetos de estudo mais significativos para a tese. Foram primeiramente escolhidos
dois grupos para selec¢do: edificios inteiramente construidos em ferro e ornamentos.

Para a selecdo dos edificios e ornamentos estudados neste trabalho, quatro critérios
iniciais foram utilizados: 1) diferentes procedéncias; 2) diversidade de estruturas
arquitetonicas; 3) variedade de tipos de fundigdo; 4) tipos de patologias (Figura 20).

O critério de procedéncia diz respeito aos edificios ou ornamentos de féabricas
conhecidas. Os primeiros foram identificados por meio de marcagdes ou inscrigdes das
proprias fabricas nas construgdes, ou por meio de pesquisa histérica em arquivos dos séculos
XIX e XX e catdlogos internacionais.

A partir da pesquisa acerca das procedéncias, procurou-se selecionar edificios com a
maior diversidade possivel de tipos de partes arquitetdnicas, tais como estruturas, ornamentos,
vedagdes, dentre outras; variacdes de fundi¢des, dentre ferros forjados e fundidos; e estado de
conservacao.

. ESTRUTURAS ARQUITETONICAS
PROCEDENCIA VARIADA DIFERENCIADAS

I: METAIS :Tl

DIFERENTES FUNDIGOES PATOLOGIAS

Figura 20 - Esquema dos critérios de selecdo do elenco da tese.

E importante lembrar que todos esses edificios sio tombados por alguma instancia,
estadual ou federal, dificultando a retirada de amostras. Dessa forma, a possibilidade de
acesso para amostragem foi também um critério primario adotado na decisdo dos objetos de
estudo.

A partir dos critérios de sele¢do descritos e segundo as duas tipologias arquitetonicas
adotadas para a pesquisa, edificios inteiramente metalicos e ornamentos, foram selecionados:

1) para o primeiro grupo, o Mercado de Ferro do Ver-o-Peso e o chalé de ferro desmontado,
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antes pertencente a IOEPA; 2) para o segundo grupo, foi selecionado um sitio histérico: o

Cemitério Nossa Senhora da Soledade, como descrito na Tabela 1.

Tabela 1- Identificacdo dos objetos de estudo, com a especificacdes do tipo de estrutura arquitetdnica
e procedéncia.

OBJETOS DE ESTUDO DA TESE

ESTRUTURAS A
NOME ARQUITETONICAS PROCEDENCIA GRUPO
- Estruturas
Bl g P/ ¢ Wi - Vedagoes/ telhas Inglaterra
0-Peso
- Ornamentos
Chalé de ferro - Estruniras o EDIFICIOS
- Vedagdes/ telhas Bélgica
desmontado
- Ornamentos
Cemitério Nossa Senhora | - Ornamentos em metal fun.dldo Variada ORNAMENTOS
da Soledade - Ornamentos em metal forjado

O Mercado de Ferro do Ver-o-Peso, de origem inglesa, foi escolhido por representar
as fabricas da Inglaterra, conhecidas por serem as mais famosas no século XIX e XX.

O chalé de ferro desmontado ¢ procedente da fabrica belga Forges D Aiseau. Este pais
ndo teve produgdo expressiva no que concerne a arquitetura de ferro, entretanto, Belém possui
exemplares unicos, pouco relatados na histéria. Em funcdo da procedéncia e estado de
conservagao, atualmente desmontado, foi escolhido para a pesquisa.

Estes dois edificios representam exemplares importantes na arquitetura de ferro
historica de alta complexidade. Os edificios procedentes de outros paises Europeus, tais como
os coretos, foram descartados por representarem ediculas ou equipamentos urbanos.

Em relagdo aos ornamentos metalicos do Cemitério da Soledade, estes foram
escolhidos por serem de procedéncias diversas. Os ornamentos, além de fazerem parte da
arquitetura mortuaria, estdo presentes nos grandes edificios, como o Mercado de Ferro do

Ver-0-Peso e os chalé de ferro desmontado.

3.2 AMOSTRAGEM
3.2.1 Mercado de Ferro do Ver-o-Peso

Para o Mercado de Ferro do Ver-o-Peso, a retirada de amostras concentrou-se em uma
das torres do edificio, fachada principal e lateral esquerda. Optou-se por essas areas por serem
de facil acesso e determinadas pelos 6rgaos competentes (Figura 21). Foram coletadas 14
amostras de ligas metélicas, dentre estruturas, telhas/ vedacdes e ornamentos, descritos na

Tabela 2, e exemplificadas nas Figuras 22 a 24.
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Figura 21 - Indicacdo das areas utilizadas para amostragem no Mercado de Ferro do Ver-o-Peso.
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Tabela 2 - Tabela descritiva das amostras do Mercado de Ferro do Ver-o-Peso.

NOME DESCRICAO DA AREA DE COLETA
VP.EP1 | Por¢do interna do pilar da torre
" VP.EP2 | Por¢do interna do pilar da torre
= VP.EP3 | Porgao externa do pilar da torre
E VP.EP4 | Porcao externa do pilar da torre
g g VP.EPS | Porgdo externa do quinto pilar no pavimento térreo
3 VP.EP6 | Porcao externa do sexto pilar no pavimento térreo
E VP.EJ1 | Estrutura da esquadria adjacente a torre
E 2 VP.OT1 | Telha conjunta aos ornamentos do frontao
é E VP.T1 | Telha que compde o frontdo
= = VP.T2 | Telha que compde a cobertura das janelas
2 VP.OG1 | Ornamento do frontao
= g | VPCI | Calha pluvial
:Z: & | VP.OC1 | Arco de apoio do tubo de escoamento no pavimento térreo
°© VP.P1 | Portdo de acesso principal

.
“

Y0 .
Figura 22 - Locais de retirada das amostras VP.EP1 (a), VP.EP4 (B), e VP.EJ1 (C), pertencentes a
amostragem de ligas metalicas do grupo de estruturas.
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Figura 23 - Locais de retirada das amostras VP.OT1 (a), VP.T1 (B), e VP.T2 (C), pertencentes a
amostragem de ligas metalicas do grupo de telhas.

amostragem de ligas metalicas do grupo de ornamentos.

3.2.2 Chalé desmontado

As amostras de ferro foram retiradas de diversas pegas, sempre com o objetivo de
abranger a maior variedade de tipos possiveis, dentre pilares, tesouras, vedacdes, grades
ornamentais e calhas (Tabela 3). Vale ressaltar que as amostras foram retiradas de pequenas
areas, e da maioria de pegas que futuramente niao poderdo ser reutilizadas, ou que a area de

amostragem ndo interfira na sua funcao e estética e/ou funcional.
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Tabela 3: Tabela descritiva das amostras do chalé desmontado.

NOME DA AMOSTRA

Pilar n°9.1
Treligan® 6.7.2
Estruturas | Trelican® 6.7.5

Vigan®2.8.12

Vigan®2.8.13
Chapa estampada n° 3.18.1

Vedages Chapa estampada n° 3.18.2

Grade ornamental n° 4.2.1
Ornamentos

Calha ornamental n° 7.3.5 (Walter MacFarlane’s)

3.2.3 Ornamentos do Cemitério da Soledade

Por se tratar de um grande nimero de ornamentos, e a impossibilidade de estudar
todos os timulos e mausoléus que possuem elementos decorativos metéalicos, houve a
necessidade de selecionar aqueles mais significativos para a amostragem do Cemitério da
Soledade.

O Cemitério da Soledade abrange 182 ornamentos em metais espalhados nas 464
sepulturas, dentre timulos e mausoléus. Dessa forma, a primeira etapa foi a organizacido do
sitio historico por meio de mapeamento e divisdo em 24 quadrantes, nomeados de A a Z,
baseados em estudos anteriores do Instituto do Patrimonio Historico Artistico Nacional
(IPHAN), via o escritorio R2 Arquitetura e Urbanismo.

Posteriormente, os ornamentos foram classificados em dois grupos: portdes de

mausoléus, representados na cor azul, e gradis de timulos, em vermelho (Figura 25).
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Figura 25 - Mapeamento do Cemitério da Soledade com a marcagdo dos portdes metalicos em azul, e
gradis em vermelho (Fonte: autora, baseado em trabalhos anteriores do IPHAN, realizado pela R2
Arquitetura).

Para melhor definir os ornamentos mais representativos para a pesquisa, levou-se em
consideragdo o estado de conservacdo, em que apenas os que ja apresentavam lacunas foram
estudados. Foram selecionados 16 ornamentos diferentes, dentre 10 portdes de mausoléus

(Figura 26) e 06 gradis (Figura 27).
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Figura 26 - Portoes de mausoléus selecionados do Cemitério da Soledade.
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Figura 27 - Gradis de timulos selecionados do Cemitério da Soledade.
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Os portdes e gradis possuem diversos tipos de ornamentagdo, dentre metais fundidos,
forjados, e por vezes, a combinacdo dos dois. Por outro lado, também existem muitos
ornamentos iguais ou bastante semelhantes espalhados pelo cemitério, em especial os gradis.
Dessa forma, a amostragem abrange diversos portdes e gradis dos véarios tipos contidos no

cemitério.

3.3 ENSAIOS LABORATORIAIS

Os ensaios laboratoriais utilizados sdo voltados para a caracterizacdo fisica, quimica e
mineraldgica dos materiais.

Na caracterizacdo fisica fez-se uso da Microscopia Eletronica de Varredura (MEV),
enquanto a andlise quimica foi realizada em por¢des selecionadas pelo Sistema de Energia
Dispersiva (SED) do MEV, e a caracterizacdo mineraldgica foi feita por meio da
Difratometria de Raios-X (DRX).

Os ensaios de MEV foram realizados no equipamento da marca LEO, modelo 1430
VP. O metalizador utilizado ¢ da marca EMILECH K550X, e metaliza as amostras a partir da
interagdo entre um alvo de ouro ou de carbono puro e ions de ar (gas argdnio), a uma pressao
de 2.10"'mbar, com corrente de 25 mA durante 02'30", depositando uma camada de espessura
média de aproximadamente 15nm sobre as amostras. O equipamento pertence ao Laboratorio
Microscopia Eletronica de Varredura (LabMEV), do Instituto de Geociéncias da UFPA.

As andlises mineraldgicas por Difratometria de Raios-X (DRX) foram realizadas em
difratometro modelo X'PERT PRO MPD (PW 3040/60) da PANalytical, com goniometro
PW3050/60 (6/0), tubo de raios X cerdmico com anodo de Cu (Kal=1,540598 A), modelo
PW3373/00, foco fino longo (2200 W- 60 kV), filtro KB de niquel. As condicdes
instrumentais utilizadas foram: varredura de 5 a 65° 20, voltagem de 40 kV e corrente de 30
mA, tamanho do passo 0,02° 20 e tempo/passo de 60 s, fenda divergente de 1/8° e anti-
espalhamento de 1/4°; mascara de 10 mm; amostra em movimentagao circular com freqiiéncia
de 1 rotagdo/s. O equipamento pertence ao Laboratorio de Caracterizagdo Mineral (LCM), do
Instituto de Geociéncias da UFPA.

As amostras para 0 MEV foram preparadas em sec¢des polidas transversais, de forma a
mostrar as espessuras decorrentes nos materiais analisados. Estas foram preparadas no
Laboratério de Conservagao Restauracdo e Reabilitagdo (LACORE/UFPA), com a utilizagao
de resina de poliéster, desbastadas na politriz, empregando-se uma sequéncia de lixas

umedecidas (200, 400, 600 e 1200 mesh), e por fim, o polimento com disco coberto com
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veludo lubrificado com alumina. O polimento final € com a aplicagdo de spray diamantado de
1 (Figura 28A). Para o MEV, as amostras foram metalizadas em Au.

Para os ensaios em DRX, utilizou-se a micro-preparagdo devido a pequena quantidade
de amostras. Estas sdo pulverizadas em grau de agata, ¢ o po6 resultante ¢ colocado

diretamente no porta amostra (Figura 28B).

Figura 28 - Amostras preparadas para o MEV (A), embutidas em resina de poliéster; Amostra
pulverizada para ensaio de DRX (B).



34

4. RESULTADOS E DISCUSSOES

Os item de Resultados e Discussoes da tese de doutorado estd organizado em trés
artigos, conforme explicado no item 1.3 (Estrutura da tese), submetidos a periddicos
internacionais.

O primeiro artigo intitula-se “The metal alloys from the XIX century and weathering
action in the Mercado de Ferro do Ver-o-Peso building, northern Brazil: identification with
the usage of laboratorial analysis”, publicado no periddico Materials Characterization
(Elsevier, Qualis A2 - Interdisciplinar). O segundo intitula-se “7The disassembled iron chalet
from the XIX century Amazon: characterization of historical metal alloys and corrosion
processes”, submetido ao periddico Construction and Building Materials (Elsevier, Qualis
A2 - Interdisciplinar); e o terceiro, “The metal ornaments at the Soledade Cemetery: the
diversity of iron alloys in mortuary architecture from the XIX century in northern Brazil”,
submetido ao Journal of Archaeological Science (Elsevier, Qualis A2 — Geociéncias).

Os artigos foram organizados de forma a abranger do macro ao micro da arquitetura
de ferro em Belém: das grandes estruturas, representadas pelos edificios, aos diversos
ornamentos, em especial grades e gradis.

Dessa forma, os dois primeiros artigos abordam edificios inteiramente metalicos,
tipicos da arquitetura de ferro importada para Belém. O primeiro artigo trata da caracterizagao
das ligas metalicas e alteragdes intempéricas no Mercado de Ferro do Ver-o-Peso, € o
segundo aborda o mesmo tema para o chalé de ferro desmontado (antigo chalé¢ da IOEPA). Os
resultados do estudo dos dois exemplares de edificios metalicos criou subsidios para a
identificacdo de padrdes utilizados nas fundi¢des antigas, em funcdo do sistema construtivo
de diferentes paises, no que tange estruturas, vedagdes, coberturas, e ornamentos. Estes
resultados indicaram diversidade de ligas de ferro na arquitetura do século XIX.

O terceiro artigo abrange a temdtica dos ornamentos metalicos do Cemitério da
Soledade. Neste artigo ¢ apresentada a grande diversidade de tipos de ferros fundidos,
forjados e laminados da mesma época, e nunca evidenciados.

Os trés artigos em conjunto denotam informagdes sobre os tipos de ligas metélicas
produzidas na arquitetura de ferro, e sua relacdo com os processos de fabricagdo. Foram
descritas diversos tipos de ligas, no que tange as caracteristicas fisicas, quimicas e

mineraldgicas, que até entdo eram desconhecidas.
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4.1 ARTIGO 01: THE METAL ALLOYS FROM THE XIX CENTURY AND WEATHERING
ACTION IN THE MERCADO DE FERRO DO VER-O-PESO BUILDING, NORTHERN
BRAZIL: IDENTIFICATION WITH THE USAGE OF LABORATORY ANALYSIS.

Artigo publicado no periddico Materials Charcterization, em 07/08/2014.
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structing or assembling. Belém, a northern Brazilian city, holds a great number of buildings entirely made of
iron, including the Ver-o-Peso, a fish market which structures were imported from England by the end of the
19th century. This building represents a unique type of architecture and it's an important part of the city's heri-
tage. However, research so far did not focus on its construction materials. Ver-o-Peso building's metal alloys
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Iron alloys aims to identify the types of metal alloys used in the building, and also corrosion products' result from weathering

actions. The methods used to characterize the materials were scanning electron microscopy and X-ray diffraction.
Through this research it was possible to identify four types of iron alloys used in the different parts of the building,
characterize the paint coats, and determine types of corrosion. The characterization of the materials in the build-
ing allows enrolling basis for restoration processes, documenting the types of metal alloy used in architectural

Corrosion products

heritage from the 19th century, as well as understanding the advances of corrosion.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Belém City, the capital of Para State, located in northern Brazil, had
an expressive economical growth during the XIX century due to rubber
exportation. As a consequence, the city expanded its urban limits and
the construction of new buildings was necessary. Metallic buildings
were already very famous since XVIII century in Europe, as they were
composed of several pieces of metal of easy assembling. Due to its facil-
ity of construction, these buildings were an adequate solution to attend
Belém's need for new buildings of fast construction.

During the XIX and XX centuries several metallic architectonical el-
ements, such as structures, urban equipment, ornaments, and even
entire buildings were imported to Belém from Germany, England,
France and Belgium. Nowadays, Belém is the city that holds one of the
largest numbers of metallic historical ornaments and buildings in the
country [1].

Among gazebos, chalets, hangars and other architectonical typolo-
gies, the Mercado do Ver-o-Peso building is one of the most important
metallic constructions in the city. It is a complex iron structure assem-
bled in a noble urban site of 2068 m? near the bay (Fig. 1) [2]. This

* Corresponding author at: Rua Augusto Corréa, 01-Guama Zip code: 66075-110,
LCM/PPGG/UFPA, Brazil.
E-mail address: flavia.op@gmail.com (F.O. Palacios).

http://dx.doi.org/10.1016/j.matchar.2014.08.004
1044-5803/© 2014 Elsevier Inc. All rights reserved.

building was imported from England in 1881 as a government request,
and its assembling endured for ten years until its inauguration in 1901.
Even though Mercado do Ver-o-Peso building is a century old construc-
tion, it is still the main fish market in the city and one of the most fa-
mous touristic sights.

Despite its historical, social, technical and architectonical impor-
tance, several previous studies on this construction are mainly written
in Portuguese and do not include the detailed identification of materials
with the usage of laboratory analysis, specially concerned to physical,
chemical and mineralogical characterizations. This gap in research
lacks the detailed understanding about the types of metal alloys used
in metallic historical buildings and the comprehension on further
weathering action.

Until the beginning of the 20th century, there were no international
standards for foundry processes, mainly in Europe, which were very ex-
perimental at that time. Each country and region developed different
techniques in widely different characteristics [3], and the metal alloys
used in historical buildings in Belém are so far unknown. This kind of in-
formation is fundamental to subside preservation and restoration pro-
cesses, specially concerning to pathology advances, in choosing the best
paint coats to be applied, as well as in the confection of replicas and
prosthesis.

The aim of this research is to characterize metal alloys and
weathering (corrosion) products in the Mercado do Ver-o-peso
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Fig. 1. Location of Belém in the Brazilian map and a recent picture of the Mercado do Ver-o-Peso building.

building, with the usage of Instrumental analytical techniques. The re-
sults obtained constitute an important type of architectonical registry
that was still not carried out in our region and will subside future resto-
ration processes. The use of laboratorial analysis is also an important
tool in documenting construction materials used historical buildings
as well as different forms of weathering.

2. Materials and Methods
2.1. Sampling

Two main kinds of metallic materials were described and sampled in
this work: 1) unaltered metal alloys; and 2) altered metal alloys, that
exhibit alterations caused by corrosion. In some samples, paint coats as-
sociated to the metal alloys were also found and sampled for further
characterization. The materials collected were very often associated to
each other in the same sample, making a difficult task to analyze the
materials separately.

Sampling was very carefully carried out in small areas of the building
due to its federal protection as a historical site. Two areas were allowed
for sampling by the Brazilian Federal Preservation Institute, IPHAN
(Instituto do Patriménio Historico e Artistico Nacional), which were the
left front tower and the main facade (Fig. 2).

Samples of different parts of the building were collected, such as pil-
lars, beams, ornaments, and roof tiles in areas that already presented
gaps or lacunae. Small fragments of maximum 1 cm were taken from
the construction parts (Fig. 2).

Fourteen samples were collected and organized in groups according
to its architectonical function in the building, described in Table 1. The
first group is composed by the structures, such as beams, pillars, and
sustentation parts of doors and windows; the second is the roof tiles;
and the third is related to ornaments, such as water ducts, doors and
frameworks.

2.2. Laboratorial Analysis

The scanning electron microscopy (SEM) images and EDS analysis
were obtained at an accelerating voltage of 20 kV using a LEO

equipment, model 1430 VP. The samples were coated with gold on a
EMILECH K550X auto fine coater. All equipment belong to the
Universidade Federal do Para (UFPA).

The samples for SEM were built-in polyester resin for analysis in the
section areas, in order to show the thickness of the materials analyzed.
They were finished with the usage of sandpaper of different grain
sizes (200, 400, 600 and 1200 mesh), and lubricated in velvet paper
and alumina. The samples were prepared using equipment from the
Laboratory of Restoration, Conservation and Rehabilitation (LACORE)
in the Institute of Technology at UFPA.

The mineralogical composition of the samples was determined by
Powder X-ray Diffraction Analysis (XRD), using a PANalytical X'Pert
PRO MPD (PW3040/60, 6/6) diffractometer with a ceramic X-ray tube
(Cu anode, Kol = 1.540598 A), Kb Ni filter, and an X'celerator PSD (Po-
sition-Sensitive Detector). Instrumental conditions used are as follows:
scan range from 5 to 100°, y, tube power of 40 kV and 30 mA, step
size of 0.02°, time/step of 60 s, divergence slit of 1/8°, anti-scattering
slit of 1/4°, mask of 10 mm, and sample spinning with a rotation time
of 1.0 s. The equipment belongs to the Laboratory of Mineral Character-
ization (LCM), from the Institute of Geosciences at UFPA.

For the XRD analysis, micro-preparation was used, in which small
amounts of the samples were powdered and placed on a Silicon (zero-
background) sample holder. This type of preparation was used due to
the low amount of each sample, which makes difficult the use of typical
powder analysis that requires at least 2 g of sample.

3. Results
3.1. General Characteristics

In general, the 14 samples analyzed in this work exhibited very sim-
ilar results in terms of their physical characteristics. Two distinct tex-
tures were described: the unaltered metal and the altered metal.

The unaltered metal has a solid and homogeneous matrix with
smooth texture, exhibiting a typical light gray color in the SEM images
(Fig. 3). EDS analysis confirmed that the chemical composition is mainly
constituted by Fe in all samples. The diffractograms confirm this result,
showing the ferrite (o-Fe) as the only phase (Fig. 3).
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Fig. 2. (A) Location of the allowed area for sampling in the building; (B) types of architectural parts used for sampling; (C) places where the samples were collected and their sizes.

On the other hand, the altered metal exhibits a darker gray color and
fractured texture in the SEM images, in an abrupt contact with the unal-
tered metal. Grain formation on external portions can be observed,
which may indicate loss of consistency (Fig. 3).

EDS analyses were carried out in several points for the different sam-
ples. The chemical composition is dominated by Fe, but with marked
differences in relative peak intensities, in comparison with the O
peaks. It can be related to the presence of different iron oxi-hydroxide

Table 1
Description of the samples according to their group, area of sampling and type.

phases, such as hematite (Fe,03) and goethite (Fes + O(OH)), typical
of corrosion products, which were confirmed by XRD.

However, despite the physical, chemical and mineralogical homoge-
neity in most of the samples, some differences were also identified. The
unaltered metal exhibited some differences concerning inclusions on
the iron matrix, and the altered metal presented variations mainly
concerning chemical and mineralogical among sampling groups,
which will be described in detail as follows.

Group Sample Sampling area Type of sample
01 VP.EP1 Internal part of the pillar 1 in the tower's second floor Metal alloy and corrosion product
Structures VP.EP2 Internal part of the pillar 2 in the tower's second floor
VP.EP3 Internal part of the pillar 3 in the tower's lower floor
VP.EP4 Internal part of the pillar 4 in the tower's lower floor
VP.EP5 External part of a pillar in the main fagade
VP.EP6 External part of a pillar in the tower's lower floor
VP.EJ1 Window structure Metal alloy and paint coats
02 VP.OT1 Ornament tile on the gable Metal alloy and corrosion product
Roof tiles VP.T1 Gable's tile
VP.T2 Window tile Metal alloy and paint coats
03 VP.0G1 Gable's framework
Ornaments VP.C1 Water duct
VP.0C1 Arc of support of the water duct on the lower floor Metal alloy and corrosion products

VP.P1 Gate of main access to the building
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Fig. 3. (A) Representative SEM image, indicating the altered and unaltered areas of the metal; (B) samples' representative diffractogram indicating ferrite.

3.2. Unaltered Metal

Three types of inclusions are described among the samples of unal-
tered metal: circular, elongate and lamellae shapes. They are also
known in literature as precipitations, which may indicate different
kinds of cast iron.

Circular shaped inclusions are characteristic in nodular cast
iron [4]. In this work, they are described only in samples from Group
1 (structure group). According to EDS analysis, they are mainly
constituted by Fe, as exhibited in Fig. 4. The main concern is related to
the spot size of the electron bean, which is probably analyzing also the
iron matrix, composed mainly by ferrite, as already identified by XRD.
Since the inclusions are deeper gray than the matrix, it means that
the chemical composition of the inclusions is related to low atomic
number elements (e.g., Si and Al), or even that the inclusions are filled
with air.

Elongated inclusions are described in samples from Group 2 (roof
tile group). These samples are also constituted mainly by Fe, according
to EDS analysis. However, different from the circular inclusions from
Group 1, the punctual chemical analysis also showed Al, Ca, and Zn
(Fig. 5). These elements probably evidence vestiges of foundry process-
es and other addictions to the metal alloy to provide additional proper-
ties, such as durability or elasticity.

The lamellae inclusions are presented in a sample from the water
duct (VP.C1), from Group 3 (ornament group). The SEM image (Fig. 6)
shows a very interesting pattern of irregular and curved lamellae, repre-
sented by dark lines in the ferrite matrix of the unaltered metal. Locally,
circular inclusions can also be found, similar to those described in Group
1. These physical characteristics are very common in gray cast irons [5].

Chemical analysis by EDS showed that these lamellae are mainly
constituted by C. However, it may also represent gaps or fissures in

the sample, due to its black color and irregular shapes. The circular in-
clusions are composed by Ti, S, Mn, Si, and Cr (Fig. 6).

Besides the physical and chemical characteristics, this sample is dis-
tinguished from the others due to its mineral composition: the graphite
(C) phase, identified by XRD analysis (Fig. 7), and common in this type
of iron alloy [6].

However, despite of the presence of different inclusions among the
sampling, there is one sample in the ornament group (VP.OG1) that
does not show any kind of inclusion. This sample is a gable's grid and ex-
hibits a massive iron matrix without any inclusion (Fig. 8). The mineral-
ogy is composed only by ferrite and EDS analysis indicated only Fe. The
smooth surface and the low level or absence of trace elements are typ-
ical characteristics of wrought iron [7], mainly used in ornaments in
architecture.

3.3. Altered Metal

Samples from the altered metal are mainly from Groups 1 (struc-
tures) and 3 (ornaments) and exhibit remarkable differences related
to: 1) physical characteristics; 2) chemical composition; 3) mineral
phases; and 4) progress of corrosion.

The physical characteristics concern different textures described in
SEM images. In Group 1 (structure group), the altered metal shows frac-
tures in inner areas and grain formation on its extremities (Fig. 9A), in-
dicating defragmentation due to weathering, very common in iron
alloys [8]. In ornaments, on the other hand, the altered alloy exhibits
more solid texture and multilayered morphology (Fig. 9B).

EDS analysis from Group 1 (structure group) indicates only varia-
tions related to relative peak intensities of Fe and O. In ornaments, on
the other hand, Cl, Mn, Si, Ca, and Al are also identified.

5

Fig. 4. SEM image of sample VP.EP3 from Group 1 (structure group), which presents circular inclusions, and the respective punctual chemical analysis.
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Fig. 5. SEM image of sample VP.T2 from Group 2 (roof tile group), which presents elongated precipitation, and the respective punctual chemical characterization, showing Al, Ca, and Zn.

These differences in physical and chemical characteristics may indi-
cate remaining paint coats in ornament samples. The paint suffers
weathering processes along with the iron alloys causing a different tex-
ture and composition on the altered metal.

The main mineral phases identified in both groups were hematite
and goethite, typical corrosion products. However, minor amount of
other phases were also identified by XRD in the different groups. In sam-
ples from Group 1 (structure group), quartz (SiO,) and kaolinite are
identified (Fig. 10). Quartz can be related either to foundry processes
or to aerosol deposition, since this mineral is common in soils and sed-
iments in the Amazon region. Kaolinite (Al,Si,Os(OH),4), on the other
hand, is possibly part of the composition of remnant paint but can also
be related to aerosols.

In samples from Group 2 (ornament group), gypsum (CaSO,4-2(H,0))
was identified (Fig. 11), related to cement addiction in some parts of the

building. Cement was found in thick layers on many surfaces along the
building, even though not common on metal building restoration or con-
struction processes. The presence of cement is due to recent interven-
tions in the building, which must be further removed.

3.4. Paint Coats Associated With the Metal Alloys

According to Boucher et al. [9], it is possible that corrosion also oc-
curs among remnants of other materials deposited on metal alloys. In
this work, such materials are the paint coats. As shown in SEM images
(Fig. 12), the paint coats are formed by grains of different sizes, and
XRD results revealed zincite (ZnO) and calcite (CaCOs) as the main min-
eral phases.

The presence of corrosion products were found between unaltered
metal and remnant paint coats. Three distinct portions were presented

28

5

Fig. 6. SEM image of sample VP.C1 from Group 3 (ornament group), which present lamellae and circular shaped inclusions, and respective punctual chemical analysis.
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Fig. 7. Comparison of diffractograms from different groups. Above, the diffractogram of sample from Group 1, indicating ferrite; below, the diffractogram from a water duct (Group 3),

indicating ferrite and graphite.
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Fig. 8. SEM image from the sample (VP.0G1), in the ornament group, showing the absence of inclusions in the matrix, and the respective punctual chemical analysis.

in the samples: 1) the first and inner portion is the unaltered metal;
2) the second and intermediate portion is related to corrosion prod-
ucts; 3) and the third and outer portion is relayed to the paint coats
(Fig. 12).

In Fig. 12 it is possible to notice that the portions affected by corro-
sion exhibit multilayered morphology and are composed by Fe and Si,

380X 20

besides Zn and Ca, possibly related to zincite and calcite, described be-
fore on the paint coats. The paint's chemical elements might have
been mobilized and migrated to other porous layers due to weathering
action or have leached out. Additional analysis should be carried out to
elucidate the chemical remobilization of paint coats and metal constitu-
ents in a further research.

Fig. 9. Texture differences in corrosion products between samples from structure group (sample VP.EP3) (A) and the ornament group (sample VP.OC1) (B).
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Fig. 10. Diffractogram of the sample VP.EP1, from the structure group of sampling, which presents goethite, kaolinite and quartz.
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Fig. 11. Diffractogram of the sample VP.OC1 in ornament group, showing calcite, goethite, gypsum and quartz.

However, it is possible to observe that the multilayered texture and
the presence of such additional elements, besides Fe and O, show that
corrosion processes in the studied samples affected both iron alloys
and paint coats.

In well-preserved metal alloys, there is no presence of corrosion prod-
ucts between the unaltered metal and paint coats. Normally, the metal

alloy and the most internal paint coat are not altered, only the most ex-
ternal paint coat, which has direct contact to the environment (Fig. 13).

The occurrence of corrosion products between the unaltered metal
and the paint coats is probably due to the gaps found on the building's
facade. These gaps are caused mostly by metal alloys' intense corrosion
and paint coat detachment, which allow the direct contact of rainwater

Inner layer — Unaltered metal
alloy.

Intermediate layer — Altered
metal alloy: formation of
corrosion products between the
iron matrix and the paint coats.

» Outer layer — Paint coat: loss of
thickness and detachment
related to weathering.

Fig. 12. SEM image with the formation of corrosion products between the metal alloy and the paint coats.



43

232 F.O. Paldcios et al. / Materials Characterization 96 (2014) 225-233

Unaltered metal alloy.

Inner layer — Internal paint
coat: no weathering action.

Outer layer — External paint
coat: loss of thickness and
detachment related to
weathering.

Fig. 13. SEM image of a sample showing a well-preserved metal alloy: the inner layer (internal paint coat) does not present corrosion products.

with the unaltered metal, as well as in the interface with the paint and
the iron matrix.

4. Discussion

The results of this work presented iron alloys basically composed by
Fe, related to ferrite as the main mineral phase. However, based on mi-
croscopic and textural evaluation, four different kinds of alloys were
grouped according to the inclusions or precipitations described: 1) Cir-
cular inclusions, for Group 1 (structure group); 2) elongated inclusions,
for Group 2 (roof tile group); 3) lamellae inclusions, for water ducts
from Group 3 (ornament group); and 4) the absence of inclusions in
some samples from Group 3.

The shapes and kinds of inclusions can determine different types of
iron alloys. Some of them are not perfectly compatible to new alloy
manufacturing, since the processes of foundry were very different
around the world before the 19th century.

According to Guesser [10], the following classification can be defined
for the metal alloys herein described: 1) Nodular cast iron, for those
with circular inclusions; 2) type E cast iron, with elongated inclusions;
3) type B cast iron, lamellae inclusions; 4) wrought iron, related to the
absence of inclusions.

Chemical and mineralogical differences were also found among the
different types of iron alloy, summarized in Table 2.

The iron alloys in Ver-o-Peso building were intentionally built to
provide the proper characteristics to the metal pieces applied on differ-
ent parts of the building. For example, nodular cast iron used on pillars
and beams, is more resistant to compression and traction than wrought
iron. On the other hand, wrought iron is more malleable and adequate
for ornaments. It is worth noting that until the end of the 19th century
different foundry processes for the same building are not mentioned
on historical data and not documented on heritage iron architecture in
northern Brazil.

The weathering products on Ver-o-Peso building also showed dis-
tinct characteristics due to the formation of corrosion products between
paint coats and the iron alloy, only observed through detailed textural
and microscopy studies.

5. Conclusions

The results from this work can be considered as helpful information
to the performance of future restorative processes on metal alloys, such
as: 1) the confection of proper replicas and prosthesis; and 2) appliance
of new paint coats for minimizing weathering actions.

The confection of replicas and prosthesis can be developed due to
the results of laboratorial analysis, which provides the original composi-
tion of the historical alloy, and also gives basis on the determination of
adequate foundry temperatures. The results also aid on the decision of
the kind of method used on mending broken pieces and incorporating
new metal parts.

However, these methods still need to be thoroughly studied in order
to be applied. The restoration of iron architecture in Brazil has devel-
oped in the fields of cleaning and protecting, leaving the damaged
pieces to discard and substitution using completely new materials,
such as aluminum and fiberglass. According to Brandi [11], restoration
processes should save as much as possible damaged areas of historical
monuments and respect their original characteristics, for they are singu-
lar in many ways.

The continuation of this research aims to produce replicas and pros-
thesis and their application on iron buildings and ornaments, in order to
achieve basis for restoration using materials similar to the originals, and
saving most of the iron pieces instead of whole replacement.

In this research, it was also possible to identify the original charac-
teristics of the paint applied. However, the original layers are not
protecting the metal surfaces, and as a consequence, a reasonable sug-
gestion could be the removal of paint coats and the application of new
proper ones, favoring iron alloy conservation.

Table 2
Description of the types of iron alloy described in this work according to their group of sampling, use on the building, types of inclusion, chemical and mineral characteristics.
Groups Use on the building Inclusions Chemistry Minerals Type of alloy
(Sampling) (Inclusions) (Matrix) (Guesser [10])
Group 1 Pillars Circular No trace elements Ferrite Nodular cast iron
(Structural group) Beams
Group 2 Roof tiles Elongated Al, Ca, Mn, Si, Zn Ferrite Type E cast iron
(Roof tile group) Wall tiles
Group 3 Water ducts Lamellae C (lamellae) Ferrite, Type B cast iron
(Ornaments) Cr, Mn, S, Si, Ti (circular) Graphite (inclusions)
Frameworks Absence No trace elements Ferrite Wrought iron
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Due to the laboratorial documentation developed in this paper, the
paint coat directly in contact with the iron may be reproduced, once it
is zinc based, proper for protection of historical and modern iron build-
ings. The other paint layers might also be reproduced according to the
original characteristics, especially due to the preservation of the color
scheme used through time, topic of a further investigation.

The next steps on this research are to thoroughly study the paint
coats using optical microscopy and X-ray fluorescence (XRD), and to
carry out restoration testing of the iron alloys. The Ver-o-Peso building
is part of a study on the metal buildings and ornaments imported
from Europe to Belém are still in development.
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ABSTRACT

The use of iron in architecture was intensified on the second half of the 19™ century in Europe, and its
influence achieved several countries in growth, such as Brazil. The installation of buildings of easy
construction, such as metallic ones, was necessary and considered a sign of modernity for being of
simple assembling and transportation. Even though metal buildings have historical, technological and
architectonic values, many of them do not exist anymore. They were not spared from several changes
Brazilian cities went through, such as Belém (Amazon Region). Belém has a great number of iron
buildings, including the only three chalets entirely made of iron in the country, constructed according
to the Danly system, from the Belgian factory Forges d’Aiseau. One of them, the IOEPA chalet, is
disassembled. Several pieces were lost or damaged due to incorrect storage, exposition to weathering,
and submitted to increasing corrosion process. It is an unique building and its historical and
architectonical importance needs to be reassured. The objective of this study is to characterize its iron
alloys and corrosion products, with the usage of laboratorial analysis, in order to subside future

restoration processes.

Keywords: architectural heritage; disassembled chalet; iron alloys; corrosion products.
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1. INTRODUCTION

During the end of the 19™ century, Belém city (Amazon region, northern Brazil)
started to import several iron buildings from European countries such as Germany, England,
France and Belgium. Belém currently holds a great amount of architectural heritage built in
iron, which gives the city unique historical and urban characteristics.

Besides the large number of ancient iron buildings, Belém also has the only three iron
chalets in the country, imported from the Belgian foundry Forges D Aiseau during the end of
the 19™ century and the beginning of the 20™ century. The Belgian chalets are entirely made
of iron, including pillars, beams, roof structures, ceilings, walls and ornaments [1].

The chalets were built in outer areas of the city’s center and used for residential
purposes. However, during the decades of 1980’s and 1990’s the chalets received other uses,
such as offices, libraries, etc. Due to the city’s growth and the need for bigger and modern
constructions, the iron chalets were disassembled and reassembled in other areas of the city.
The transportation and reassembly of Forges D’ Aiseau buildings was possible due to their
construction system, the Danly System [1], in which the constructions were planned to have
unitary and standardized pieces. The buildings came along with a guide for construction
(assembling), however, the iron pieces could also be rearranged differently from the original
project, adapting to the owner’s desires.

Two of the chalets were disassembled from its original site and reassembled at the
Campus of the Federal University of Pard (UFPA) (Figure 01) and Rodrigues Alves
Botanical Garden (Figure 02), both areas of great visitation. The buildings also received new

color scheme and some minor interventions to adapt to their new urban site.

Figure 01- Iron chalet at UFPA
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Figure 02 - Iron chalet at Rodrigues Alves Botanical Garden.

Despite its technical, historical and esthetic importance, the chalet that belonged to the
State’s Press was disassembled in 1986 and it hasn’t been reassembled so far. Its iron pieces
remain stored, and since then awaiting for restoration (Figure 2). The building’s parts were
displaced twice during the 1980°s and 90’s, thus, it has been exposed to severe weathering
action due to its inappropriate storage, causing the loss of several parts of the building as a
result of intense corrosion processes. Currently, the chalet’s pieces are stored at Federal

University of Para Campus (Figure 2).

Figure 03 - The chalet while assembled in 1986 (A) [2], and currently disassembled (B).

After the chalet was disassembled, the building pieces were not properly safeguarded
for further assembling, surrounded by dirt and soil, causing the increase of corrosion
processes (Figure 3b). According to Starley (1999) [3], corrosion on architectural ironwork is

not a great problem compared to archeological artifacts. However, in the Amazon Region
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humidity achieves high rates, which accelerate corrosion processes, especially on the
disassembled buildings with poor storage conditions.

The disassembled chalet has an elementary construction system when compared to the
others, since it is smaller, has only one floor and its iron pieces are of simpler design.
However, it contains ornaments from different foundries, such as a water duct from the
British foundry Walter MacFarlane’s. The usage of two different foundry factories in the
same construction is not common among the iron buildings in the city.

Iron architecture in Belém — in fact, in the whole Amazon region — hasn’t been
thoroughly studied in the areas of materials science. Historical facts and construction systems
have been discussed, however, the literature is restricted to local publications, and subside for
restoration has not been settled for iron buildings in the Amazon. According to Dillmann
(2013) [4] historical objects and structures offer direct link to past events. Also, its survival is
of great importance, and without invasive analysis of its materials, conservation would remain
an empirical process.

One of the first steps for applying restoration processes is the characterization of the
ancient materials used in the construction, such as metal alloy and paint coats and their
weathering products. As stated by Collete (2014) [5], a detailed study of materials properties
is necessary before planning any restoration processes.

Thus, the objective of this research is to provide subsidies for restoration processes of
iron buildings, as part of a major research project initiated by Palacios et al (2014) [6] on
English heritage metal constructions in the Amazon region. This paper aims to study metal
alloys of the disassembled Belgian chalet in Belém, with the usage of instrumental analytical

techniques in order to characterize metal alloys and weathering products in the building.

2. MATERIALS AND METHODS
2.1 SAMPLING

Two main kinds of metallic materials of the disassembled Belgian chalet were
described and sampled in this work: 1) metal alloys; and 2) weathering products. In some
samples, paint coats associated to the metal alloys were also found. The materials collected
were very often associated to each other in the same sample, making a difficult task to

analyze the materials separately.
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Sampling was carried out in small areas of the pieces due to its legal protection as an
historical building. The access for sampling was allowed by the Federal University of Para,
the chalet’s official keeper.

Samples of different pieces of the building were collected in areas that already
presented gaps or lacunae. Small fragments of maximum Icm were taken from the

construction parts (Figure 04).

Figure 04 - Samples taken from a pillar (A) and wall sheet (B).

Nine samples were collected and organized in three groups according to its
architectonical function in the building, described in Table 01. The first group is composed by
structures, such as pillars, trusses and beams; the second is related to wall components, such

as wall sheets; and the third group is the ornaments, such as ridge grids and water ducts.

Table 01 - Description of the samples according to their group, piece of sampling and type.

GROUP SAMPLE SAMPLING PIECE TYPE OF SAMPLE
Pillar 01 Pillar n°9.1
Truss 01 Truss n’ 6.7.2
01 Truss 02 Truss n° 6.7.5 Metal alloy and corrosion product
Structures | poam01 | Beam n° 2.8.12
Beam 02 Beam n° 2.8.13
02 Wall sheet 01 | Wall sheet n® 3.18.1 Metal alloy and paint coats
Tiles Wall sheet 02 | Wall sheet n® 3.18.2
03 Ornamental grid | Ridge ornamental grid n° 4.2.1
Ornaments Water duct Water duct (MacFarlane’s) n° 7.3.5 | Metal alloy and corrosion product

2.2. LABORATORIAL ANALYSIS

Laboratorial analysis were held using Scanning Electron Microscopy (SEM) with EDS
analysis in order to overview the metallic matrix to the corrosion products, allowing to study
its morphology, thickness, cracks and other textural characteristics. Powder X-ray Diffraction

Analysis (XRD) was used to determine mineralogical composition of the samples
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SEM images and EDS analysis were obtained at an accelerating voltage of 20 kV
using a LEO equipment, model 1430 VP. The samples were coated with gold on EMILECH
K550X auto fine coater. All equipment belongs to the Federal University of Para.

The samples for SEM were built-in polyester resin for analysis in the section areas, in
order to show the thickness of the analyzed materials. They were finished with the usage of
sandpaper of different grain sizes (200, 400, 600 and 1200 mesh), and lubricated in velvet
paper and alumina. The samples were prepared using equipment from the Laboratory of
Restoration, Conservation and Rehabilitation (LACORE) in the Institute of Technology at
UFPA.

The mineralogical composition of the samples was determined by Powder X-ray
Diffraction Analysis (XRD), using a PANalytical X’Pert PRO MPD (PW3040/60, 6/0)
diffractometer with a ceramic X-ray tube (Cu anode, Kal=1.540598 A), Kp Ni filter, and an
X’celerator PSD (Position-Sensitive Detector). Instrumental conditions used are as follow:
scan range from 5 to 100°20, tube power of 40 kV and 30 mA, step size of 0.02°, time/step of
60 s, divergence slit of 1/8°, anti scattering slit of 1/4°, mask of 10 mm, and sample spinning
with a rotation time of 1.0 s. The equipment belongs to the Laboratory of Mineral
Characterization (LCM), from the Institute of Geosciences at UFPA.

For the XRD analysis, micro-preparation was used, in which small amounts of the
samples were powdered and placed on a Silicon (zero-background) sample holder. This type
of preparation was used due to the low amount of each sample, which makes difficult the use

of typical powder analysis that requires at least 2g of sample.

3. RESULTS
3.1 GENERAL CHARACTERISTICS

The nine samples analyzed showed similar results related to physical characteristics.
Two distinct textures were described, following the nomenclature adopted by Palacios et al
(2014) [6]: the unaltered metal and the altered metal (Figure 05).

The unaltered metal is formed by Fe as a homogeneous and solid matrix, and ferrite (o
- Fe) as the main mineral phase on the diffractograms (Figure 05). The altered metal present
fractured texture, formed by Fe and O, associated to the mineral phases hematite and goethite

shown in XRD analysis, as products of corrosion processes.
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Figure 05 - Representative SEM image, indicating the altered and unaltered areas of the metal, and
representative diffractogram indicating ferrite.

Despite the similarities among the samples, some differences were also found on the
unaltered and altered portions. On unaltered metals, inclusions were found on the iron matrix
described in five different shapes. On altered portions, the differences are related to chemical

and mineralogical composition, which will be described in details as follows.

3.2 UNALTERED METAL
Five types of inclusions, also known as precipitations, are described among the groups
of unaltered metal samples: circular, serpentine, elongate lamellae, elongate, and radial

lamellae.

3.2.1 Group 01
a) Circular inclusions

Samples from group 01 (foundation and roof structures) presented Fe, C, and traces of
Pb, in the iron matrix of pillars, trusses and beams. However, the samples presented three
different types of precipitations. In pillar samples, ferritic matrix with graphite nodules
(circled shaped inclusions) were described, similar to the results acquired by Campos et al
(2005) in samples of cast iron [7]. The nodular precipitations are a typical characteristic of
nodular cast iron.

The nodules found on the matrix are not perfectly shaped (Figure 06), presenting some
deformation, and also line-shaped formation, that may indicate uniaxial tension of the pillar
[8], when the building was still assembled. The inclusions presented no trace elements and the

same composition as the iron matrix.
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Also, it was possible to notice areas of corrosion products among the unaltered portion
of the sample (Figure 06). This is possibly due to level of degradation of the pillars, and also

the lack of paint coat to protect the metal piece.

Unaltered metal

Figure 06 - SEM image from pillar sample (n°9.1), which present circular inclusions and areas of
corrosion products, and magnified image of inclusions.

b) Serpentine inclusions

Truss samples also exhibit nodules, however, serpentine shaped inclusions were as
well described. The nodules are likewise deformed, as observed on pillar samples, and the
serpentine shaped are possibly related to slag inclusions, similar to the samples of an ancient
iron an anchor described by Aronson et al (2013), and in the Capitol Dome by McCowana et
al (2011) [9,10] (Figure 7). The chemical composition of the nodular inclusions showed

similarities concerning the presence of Fe and Pb, however, it also presented Cl.

Zone Mag= 80X

Figure 07: SEM image from truss sample (n°6.7.5), which present serpentine inclusions.
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c) Elongated lamellae inclusions

In all samples from beams, elongate lamellac were presented. The lamellae do not
have a pattern, as they are randomly organized in micro-cracks, also a typical characteristic of
gray cast iron [11] (Figure 08). The precipitations are formed mainly by Fe and C, presenting
traces of Mg, Al, Si, P, S, Mn and Cu.
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Figure 08: SEM image from beam sample (n°2.8.13), which present elongate lamellae inclusions.

3.2.2 Group 02
a) Elongated inclusions

Samples from group 02 (tiles) presented only elongate shaped inclusions in the matrix,
possibly related to slag or graphite formation, whose orientation is due to the manufacturing
process of the wall tiles [4] (Figure 09). The samples from this group were the only that did
not exhibited corrosion products among the unaltered area, possibly due to the presence of
protective paint coats.

The iron matrix of the wall tiles is mainly composed by Fe, with traces of C, Mg, Al,

Si, P, Mn, Cu and Pb.

Figure 09 - SEM image from wall sheet sample (n°3.18.2), which present elongated shaped inclusions,
and the presence of paint coats.
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3.2.3 Group 03
a) Slag filaments

Samples of ornamental grids from group 03 (ornaments) did not presented any type of
inclusions (Figure 10), only formation of filaments or diverse shapes. This kind of formation
is probably related to oriented slag formation, revealing the deformation direction used in
shaping the bulk material, common in wrought iron [12]. The samples matrix is constituted by

Fe, C and Si.

Zone Mag= 280X

Figure 10 - SEM image from ornamental grid (n°4.2.1), indicating lack of inclusions and formation of
slag, marked in yellow.
b) Radial lamellae inclusions
The samples from the water duct presented lamellae inclusions dispersed into ferrous
matrix (Figure 11), also described in Moonesan et al (2012) and Gil et al (2003) [13, 14]. It is
represented by a nearly spherical shape, characteristic of the eutectic solidification [15],
typical of gray cast iron. The inclusions are mainly formed by carbon, and the matrix formed

by Fe and Al. XRD analysis confirmed the presence of ferrite and graphite.

Zone Mag= 850 X

Figure 11 - SEM image from water duct sample (n°. 7.3.5), presenting radial lamellae inclusions.
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In summary, the disassembled chalet contains six types of metal alloys related to the
three groups described before. In Table 02 the samples are described according to its group,

use in the building, inclusions, chemical composition, mineralogical composition and type of

alloy.

Table 02 - Description of the samples according to its group, use, and its physical, chemical and

mineralogical composition.

USE ON
(S;fn?ﬂgs) THE INCLUSIONS Cglillw:ls(;fng MEI\N/IEatlr{lI:)L S TYPE OF ALLOY
(Sampling) | pypy pinG .
Pillars Circular No trace Ferrite Nodular cast iron
elements
01 Circular and . .
Structures Trusses Serpentine Fe, Pb, Cl Ferrite Nodular cast iron
Beams Elongated lamellae M%\’/Iﬁl;;n%gli S, Ferrite Type A cast iron
02 No trace . .
Tiles Wall sheet Elongated clements Ferrite Type E cast iron
Omamental Slags Filaments No trace Ferrite Wrought iron
03 grid elements
Ornaments Ferrite and
Water duct Radial lamellae Fe, C graphite Type B cast iron
(inclusions)

3.3 ALTERED METAL

Two types of weathering products were found among the samples, differentiated by
the amount of layers presented on its morphology. The first exhibit two layers related to grain
size heterogeneity due to corrosion, and the second present a multilayer structure due to the
weathering of paint coats.

The samples that exhibit two-layer morphology presents the inner layer, which is in
contact with the unaltered metal, as fractured and more dense. The outer layer presents porous
surface and exhibits grain formation, mainly composed by Si (Figure 12), as already
described by Monnier et al (2010) in samples of medieval ferrous reinforcement [16].

A representative diffractogram of corrosion products is presented in Figure 12,
showing goethite, lepidocrocite, quartz and magnetite. Peak shapes are broad, poorly
delineated and with very low intensity, typical of low crystallinity phases, such as corrosion
products.

The mineral goethite assumes a non-reactive phase, and lepidocrocite plays active role

in the corrosion mechanisms [17]. Both minerals are typical in corrosion products. Magnetite
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is possibly related to remnants of the unaltered metal, and quartz is a typical mineral found on
historical iron alloys due to its production.
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Figure 12: SEM image from corrosion sample (n° 9.1), indicating three different phases of corrosion
process, and diffractogram indicating its mineralogical composition.

The second type of weathering on the samples present a multilayered morphology,
common in metal alloys associated with other materials, as described by Bouchar et al (2013)
in samples of medieval iron rebar [18]. The multilayered morphology is probably related to

remnant paint coats, as shown in Figure 13. The corrosion layers exhibit Ba on EDS analysis,
typical component found on paint coats.

5
Figure 13 - Representative SEM image of samples associated with paint coat (n° 3.18.2), presenting
multilayered morphology and weathering products.

3.4 PAINT COATS ASSOCIATED WITH THE METAL ALLOYS

In samples associated with paint coats, it was possible to identify two different layers
between the unaltered metal and corrosion products. These layers are related to galvanization,

due to the presence of major peaks of zinc in EDS analysis (Figure 14).
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Zn

Pb Zn
MnFe Fe Cu fCu Pb
Mn Fe Fe Cu u Ph

Figure 14 - Representative SEM image of samples (n° 3.18.1) associated with paint coat, presenting
galvanization layer, presenting multilayered morphology.

A representative diffractogram of weathered areas with the presence of paint coats is
shown in Figure 15. The main mineral phases presented are metallic zinc, zincite and

hidrozincite, as well as barite in low quantities.
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Figure 15 - Diffractogram sample of wall sheet 02 (n° 3.18.2), indicating classis corrosion process of
the zinc in paint coats.

Zincite and hidrozincite present large and poorly delineated peaks, showing low
cristallinity, which represent classic corrosion products formed from metallic zinc. Metallic
zinc, on the other hand, present narrow and well outlined peaks. On SEM images it is
observed the presence of Zn, which possibly is related to the zincite identified in the XRD.

The minerals presented on the diffractograms show the zinc phase sequence, which is
Zn: Zn°-> ZnO >Zns(CO3)2(OH)s. Zinc is used as a sacrificed metal during the galvanization
process, in order to protect the metal alloy from weathering actions. Despite the lack of
conservation of the chalet’s pieces, the paint coats still give protection, which can be

confirmed by the presence of metallic zinc on XRD and SEM images.
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3. DISCUSSION
3.1 METAL ALLOYS

The use of different metal alloys in the same construction is not only found in
Belgium foundries. According to Palacios et al [6], the Mercado do Ver-o-Peso building, also
a member of the Amazon heritage iron architecture, presents different types of metal alloys,
very similar to those found in the disassembled chalet. The Mercado do Ver-o-Peso building
was imported from England in 1901 and also presents six types of metal alloys in different
pieces of the building, according to their function.

The metal alloys presented in the two building are alike, implying similar methods of
foundry, despite the divergences in architectonical characteristics and provenience. Table 03

shows the use of the different iron alloys, related to its use on the constructions.

Table 03 - Comparison between the alloys from the disassembled chalet and from Mercado do Ver-o-
Peso building.

CHALET MERCADO DO VER-O-PESO
Belgium, 1886 England, 1901
(This Work) (Palacios et al., 2014)
GROUPS USE ON THE TYPE OF USE ON THE TYPE OF
(Sampling) BUILDING ALLOY BUILDING ALLOY
Pillars Pillars Nodular cast iron
01 Nodular cast iron
Structures Trusses . -
Beams Type A cast iron Beams Nodular cast iron
T(i)lze s Wall tiles Type E cast iron Wall tiles Type E cast iron
03 Water duct Type B cast iron Water duct Type B cast iron
Ornaments Frameworks Wrought iron Frameworks Wrought iron

Although both buildings may be related due to similar use of different metal alloys, it
is possible to observe on SEM images the evolution of foundry methods. According to Scott
(2013) [19] microstructure and composition research on alloys are also essential components
in the search for authenticity and fabrication technology.

The precipitations found in samples from the chalet exhibit deformations, probably
due to errors during foundry processes, held on the end of 1880’s. For example, inclusions on
structure samples are deformed and different sized. The deformation, presence of slag and
lack of organization of inclusions on the iron matrix are also presented in other samples, as
shown in Figure 16.

On Mercado do Ver-o-Peso samples, the organization and the size of precipitation are
regular, which may indicate a process of foundry with fewer errors, fabricated during the end

of 1890’s and beginning of 1900’s.
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Besides the difference of alloys micrography due to foundry processes held in
different countries and time, it is possible to observe the evolution of the English foundry
(Walter MacFarlane’s), since both buildings have water ducts from the same factory. The
sample from the chalet presents fewer and unorganized precipitation, and the sample from
Mercado do Ver-o-Peso show matrix containing well formed long radial shaped lamellae, as

shown in Figure 16.

USE ON THE BUILDING / SAMPLES

BUILDING

STRUCTURES WALL TILES FRAMEWORKS WATER DUCTS

Chalet
(Belgium,
1886)
(This
work)

Mercado
do Ver-o-
Peso
(England,
1901)
(Palacios et
al, 2014)

Figure 16 - Comparison between SEM images of samples from the disassembled chalet and the
Mercado do Ver-o-Peso building.

3.2 WEATHERING PRODUCTS

The corrosion products in all samples are related to the iron matrix composition, only
varying on the quantity of O, according to Table 05. However, in some samples Cl was found,
which is possibly related to the iron pieces that were buried in soil during improper storage,
such as the ornaments. CI might be contained in phases of corrosion products, leading to
serious problems for conservation of metallic heritage, as stated by Réguer et al (2007) in
samples of heritage metallic artifacts [20].

The phases containing zincite and hydrozincite, are related to the pieces that still have
paint coats, as the zinc works as metal of sacrifice. Despite the severe corrosion process, some

pieces still present paint coats that preserve the metal alloy, as show previously in Figure 13.
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Table 05 - Description of weathering products on the chalet, according to its chemical and
mineralogical characteristics.

GROUPS USE ON THE CHEMISTRY CHEMISTRY MINERALS TYPE OF
(SAMPLING) BUILDING (MATRIX) (CORROSION (CORROSION CORROSION
PRODUCTS) PRODUCTS) PRODUCT
Fe, C,and O :
. [ H tit . .
Pillars Fe and C ] Trace elements: P, Si, ematite and Oxi-hydroxide
Trace elements: Pb Cu. Pb goethite
01 Fe, C, and O .
Structures Trusses T Feland (;’ . Pb Trace elements: Mg, Al, Hemattll:tand Oxi-hydroxide
race elements: Si. P. S. Mn and Cu. goethite
Feand C Fe,Cand O .
Beams Trace elements: O, Trace elements: Si, Al, Hemat1t§ and Oxi-hydroxide
Si, AL Ti Ti. goethite
Zn and O
02 Tiles Fe and C Trace elements: Fe, Pb, Zincite and Weathered
Tiles Trace elements: Cu, Mn, S, P, Si, Al, Mg, hydrozincite paint coat
Na, C.
Feand C Feand C .
H tit . .
Framework Trace elements: Al, Trace elements: Al, Si, ema tlh?tand Oxi-hydroxide
03 Si, Ti Ti and Cl. goethite
Fe and C
Ornaments Fe,Cand O .
Water duct Trace elements: O’. Trace elements: Zn, Pb, Hematltg and Oxi-hydroxide
Zn, Pb, Mn, S, P, Si goethite
A0, WL S, 1 5L vy S, P Si, AL Mg,
Al, Mg.
4. CONCLUSION

According to Bown et al (2009) [21], between 1860 and 1914, foundry industries were
experimental, and every country developed their own techniques. However, even though each
country had different techniques, some similarities were found on the methodology of
construction, related to the use of different iron alloys.

As stated in the introduction, most of the literature related not only to the iron
architecture, but to the historical buildings in northern Brazil as a whole, are mainly related to
local reports written in Portuguese. Such historical data always referred the iron building as
been made of steel or did not specify the kind of iron used. One assumes that the main
contribution of this research is to prove that they were made of different types of iron, related
to their function in the building.

As a result of the laboratorial analysis it is possible to state that the Belgium chalets
are buildings of advanced construction technology for that time, due to the correlation of
different types of metal alloys and the piece’s structural function. It is possible that the same
methods were applied to the other Belgium chalets, considering their same origin.

Due to the comparison of two buildings of different foundries and time, it is possible
to initiate a broader research on the chronology of foundries of iron buildings imported to
Belém during the 19™ and 20" centuries, relating the origin, age, and different kinds of iron

alloys.
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ABSTRACT

The use of iron in architecture in Belém (northern Brazil, Amazon) started approximately in
the end of the 18™ century, especially with the use of ornaments applied on facades and other
parts of historical buildings. However, its use was spread over other types of monuments,
such as the tombs and mausoleums at the Soledade Cemetery, a monumental historical site
built in 1850. The site holds 186 iron ornaments, which are not found in other city’s
constructions, due to its decorative diversity patterns and different origin, imported from
European countries during its construction. However, these iron ornaments are in current
corrosion process due to weathering action, but also by anthropogenic factors, causing loss of
many parts of its ornamental unit. Restoration and conservation processes have not been held,
especially due to the lack of knowledge about the metal alloys. The objective of this study is
to characterize the iron alloys of the cemetery with the usage of laboratorial analysis, to
subside future restoration processes. The results of this work exhibited diversity of
micrographic textures, also chemical and mineralogical composition, not found in typical
building ornaments, characterizing the Soledade Cemetery as an important site for iron

architecture studies, besides famous major structures.

Keyword: architectural heritage; iron alloys; historical iron ornaments.
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1. INTRODUCTION

During the 19" and 20"century, Belém, a northern Brazilian city located in the
Amazon, imported a great amount of metal ornaments from European countries, such as
England, France and Portugal. These ornaments were used on several buildings in the city,
and usually applied on balconies, roofs, water ducts and many other facades parts.

The usage of metal ornaments spread over many kinds of constructions in Belém, such
as houses, palaces, urban equipment, and also mortuary architecture from late 19" and 20"
centuries. An example of this type of use is the Soledade Cemetery, which is one of the
remaining monumental cemeteries from the 19" century in the country, and an important
historical site in the city, protected by federal patrimonial institution.

The Soledade Cemetery is located in the city center, among important historical areas,
such as Republic Square and Batista Campos Square (Figure 01). The mortuary site was built
in 1830, and remained active only until 1860, but it is still visited on Mondays for many
popular rituals. During these forty years, 464 mausoleums and tombs were built in the site,
mostly imported from Portugal, but also locally manufactured. They were constructed in

ornamental rocks, bricks, ceramic tiles, glass, and metals.
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Figure 01- Localization of the Soledade Cemetery in Belém and a photograph of its main entrance,
illustrating the diversity of tombs and mausoleums.
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The metal ornaments were applied among 186 mausoleums and tombs in the
cemetery, and present different architectural patterns. Gates, grids and plane sheets exhibit
different ornamental design, built both in cast and wrought iron.

However, despite the historical and architectonical importance of the Soledade
Cemetery, the site has not been actively used since 1860, and has never passed through
restoration processes on metal ornaments. The mausoleums and tombs are susceptible to
permanent weathering, especially corrosion, and as consequence, lacunae are present in many
iron ornaments (Figure 02).

Nonetheless, other kinds of weathering products are exhibited, as well as
anthropogenic actions due to mortuary rituals still held in the site, such as the practice of

lighting candles. The weathering and anthropogenic actions cause loss of parts, damaging the

ornamental unit (Figure 02).
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Figure 02 - Plane sheets from different mausoleums, which exhibit general corrosion, lacunae (A) and
burned surfaces (B), due to mortuary rituals.

Many iron ornaments present bad state of conservation, exhibiting loss of ornamental
features due to corrosion and anthropogenic processes. A detailed study needs to be held in
order to subside restoration actions to return the esthetical, architectonical and historical
importance of the metal ornaments.

However, the iron alloys in the Soledade Cemetery are unknown, as many other
applied on various buildings in the city, precluding decisions on conservation and restoration
actions. According to Light (2000) [1], historical ferrous metals are poorly understood, but are
critical to the knowledge of forging history and conservation.

Another difficulty is the lack of historical data on metal ornaments imported to Belém.

As stated in Starley (2009) [2], architectural iron samples have the advantage of being easily
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dated due to its industrial production. However, the ornaments at the Soledade Cemetery do
not have this kind of information registered. Some of the mausoleums and tombs exhibit
historical data on stonework (date and author), but the doubt remains on iron ornaments.
Considering the many problems on conservation of metal ornaments in Belém, the aim
of this research is to identify the different types of casting and forging among the ornaments
used in the cemetery, relating ancient foundry characteristics, thought laboratorial

characterization, in order to subside conservation and restoration studies.

2. MATERIALS AND METHODS
2.1 SELECTION OF STUDY OBJECTS

Due to the great number of metal ornaments on the Soledade Cemetery, a selection
was necessary to the research. The sampling was based on preservation and conservation
guidelines, in which only mausoleums and tombs that presented lacunae were selected. Gates
and grids were also chosen in order to represent the various types of ornament design, as
many are repeated and possibly from the same origin.

Among the metal ornaments present on the cemetery, the following were chosen: 10
mausoleums; 04 grids; and 02 metal artifacts found on the site. The ornaments chosen present
at least one of the two types of casting found on the cemetery, i.e. cast and wrought iron.

Considering the previous criteria, 21 (twenty-one) samples were collected: 09 (nine)
cast iron; 03 (three) wrought iron; and 09 (nine) plane sheets. Table 01 shows the type of

ornaments chosen for the research.

Table 01- Samples collected from the metal ornaments selected, indicating their type, name and
number.

ORNAMENTS SAMPLE NAME N° OF SAMPLES
CAST IRON B26, C10, C15, C23, G27, G31, K14, L08, O7 09
WROUGHT IRON | C07, F17, K20 03
PLANE SHEETS | B34, C07, C10, C23, C30, G08, G27, K14, K20 09

The samples were named based on a work previously developed by the Brazilian
National Preservation Institute, IPHAN (Instituto do Patriménio Historico e Artistico
Nacional), in 2009, that divided the site in arcas named from A to Z, and tombs and

mausoleums were named after the area and its localization (Figure 03).
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Figure 03 - Map with the localization of all mausoleums/tombs in the cemetery (gray color), with the
metal ornaments featured in blue. Highlights of the areas on the cemetery where the study objects are
located (yellow), their localization in the map (white numbered circles), and their respective
photograph.

Among the selected ornaments, only four mausoleums gates present their possible
origin, according to the name of the author and craftsman, written on stonework. The
ornaments are: C10, C23, K14 and G27, from Lisbon (Portugal).

However, the authors of the mausoleums are different, in which: C10 was crafted by
José Rato; C23 by Rato e Filhos, in which the craftsmen were José Ratos’ sons; K14 by J.J.
Castelo; and G27 by A.D. Gongalves.

2.2 SAMPLING
Sampling was allowed by IPHAN, and carefully carried out in small areas of the

ornaments, specially the areas that present lacunae (Figure 04).
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Figure 04 - Examples of areas where the samples were collected, presenting lacunae.

2.3 LABORATORIAL ANALYSIS

The Scanning Electron Microscopy (SEM) images and EDS analysis were obtained at
an accelerating voltage of 20 kV using a LEO equipment, model 1430 VP. The samples were
coated with gold on EMILECH K550X auto fine coater. All equipment belong to the
Universidade Federal do Para (UFPA).

The samples for SEM were built-in polyester resin for analysis in the section areas, in
order to show the thickness of the materials analyzed. They were finished with the usage of
sandpaper of different grain sizes (200, 400, 600 and 1200 mesh), and lubricated in velvet
paper and alumina. The samples were prepared using equipment from the Laboratory of
Restoration, Conservation and Rehabilitation (LACORE) in the Institute of Technology at
UFPA.

The mineralogical composition of the samples was determined by Powder X-ray
Diffraction Analysis (XRD), using a PANalytical X’Pert PRO MPD (PW3040/60, 6/0)
diffractometer with a ceramic X-ray tube (Cu anode, Kal=1.540598 A), K Ni filter, and an
X’celerator PSD (Position-Sensitive Detector). Instrumental conditions used are as follow:
scan range from 5 to 100°, y, tube power of 40 kV and 30 mA, step size of 0.02°, time/step of
60 s, divergence slit of 1/8°, anti scattering slit of 1/4°, mask of 10 mm, and sample spinning
with a rotation time of 1.0 s. The equipment belongs to the Laboratory of Mineral
Characterization (LCM), from the Institute of Geosciences at UFPA.

For the XRD analysis, micro-preparation was used, in which small amounts of the
samples were powdered and placed on a Silicon (zero-background) sample holder. This type
of preparation was used due to the low amount of each sample, which makes difficult the use

of typical powder analysis that requires at least 2g of sample.
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3. RESULTS
3.1 CAST IRON ORNAMENTS

Cast iron ornaments exhibited iron matrix with disperse graphite flakes and grains of
various sizes, typical characteristics of gray cast iron [3, 4, 5]. The matrix is chemically
constituted mostly by Fe and Si; graphite flakes are composed mainly by C, as the lower
atomic element in the matrix [6, 7]; and grains formed by Mn and S.

The presence of carbon, silicon, manganese and sulfur are expected in cast iron [8, 9],
as well as grains of Mn and S [10], combined to form MnS [11]. Carbon and Silicon strongly
affect the degree of graphitization in cast iron [12], and MnS grains promote the formation of
microstructural development with the formation of austenite [3].

Despite its similarities, cast iron ornaments presented different pattern concerning
different kinds of graphite morphology. The graphite shapes are differently organized and
have various sizes, as well as variations in chemical composition were identified. These
differences might be related to different foundries temperatures and addition of various
elements on its composition [13].

Due to those variations, the metal ornaments were organized in four different patterns
according to its microstructure characteristics. It is important to point out that the samples
showed two or more types of graphite flakes and organization. For that reason, the ornaments

were grouped relating to the most frequent type of microstructure type, named as A, B and E

[5].

a) Type A cast iron

The samples from this group present graphite flakes randomly organized, and occupy
most of the iron matrix. This type of distribution of is related to Type A cast iron [14].
Despite de lack of graphitic nuclear organization, it is possible to identify some graphite
flakes in nucleation, and surrounding grains, constituted by Mn and S, according to EDS

analysis (Figure 05).
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Zone Mag = 181X

Figure 05 - SEM image from sample O7, indicating graphite flakes randomly organized (A), as well as
some areas of nucleation and presence of grains (B).

However, in some samples, a large grain texture in the iron matrix is exhibited, as
show in Figure 06. The matrix is formed by grains of different shapes and shades of gray,
which the lighter gray has Fe and Si composition, and the darker gray present Fe and P. The
presence of phosphorus is probably due to its segregation into areas in the melt during cast

iron solidification [15, 2] (Figure 06).

Figure 06 - SEM image from sample C15, which exhibit large grain texture on the iron matrix.

b) Type B cast iron

Type B cast iron samples exhibited on SEM image a pattern similar found by
McCowana et al (2011) and Palacios et al (2014) [17,16], typical of gray cast iron used on
ornaments in historical metal buildings. It presents graphite flakes organized as lamellae,
indicating nucleation, as show in Figure 07. The iron matrix is constituted also by Mn and P,

and the lamellae are constituted by Al, Fe and C.
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Zone Mag =.,164 X

100um
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Figure 07 - SEM image from sample C10, indicating graphite flakes organized in lamellae.

However, some samples showed different sized lamellae, which are denser and does
not show typical radial form. SEM images show the graphite flakes organized in nearly
spherical shapes and uniform distribution (Figure 08), as already described by Fan (2014)
[10], which may represent eutectic solidification of the cast iron ornament [14,18]. The
lamellae are formed by Fe, C, Si, Al and Ca, and the grains also constituted of Mn, S, Al and
also Ti.

Titanium is present in ornamental cast iron alloys possibly due to pig iron [19], and
probably form titanium containing compounds such as titanium nitride, carbides and

carbonitrides [11].

Zone Magi=a-116%

Figure 08 - SEM image from sample G27, showing graphite organized in nearly spherical shape.
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c¢) Type D cast iron

Ornaments from this group also showed graphite flakes uniformly grouped along the
matrix. However, they are no longer organized in lamellae. The graphite flakes are exhibited
in groups of crossed flakes as shown in Figure 09. This type of graphite flakes organization is

related to Type D cast iron [4, 20].
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Figure 09 - SEM image from sample K14, indicating graphite flakes uniformly grouped along the
matrix.

However, some differences were found among the samples concerning grain
formation (Figure 10). It was possible to observe on SEM image the different shades of gray
on the matrix formed by grains, as already described in samples from Type B cast iron. The
lighter gray is formed by Fe and Si, and darker gray constituted also by P, as already

exhibited in previous samples.

Figure 10 - SEM image from sample G31which exhibit large grain texture on the iron matrix.
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On some samples, two types of grain were observed in the matrix along with the
graphite flakes (Figure 11). The first one is MnS formed grain, shown in SEM images in dark
gray, and also present in several samples. The second one is lighter and formed by Fe, Ca,

Mg, O and Si, chemical elements currently used in foundry processes.

- ;“) 5 ‘l'
Sr » 7
1\ % ”~
. > e
S A
Y o e £
- ', W b
<N ( ‘;‘\"_‘ . ‘(5:/ '_rf\
SRSt o 2V (
S - D a6 .
/’Lr :‘j A.";' ‘/{.\?. \’ .
< +2 g 7”\;%",.? /
- P \ ‘ ¢ A\ V‘.h ‘\/‘0 - &
~ | T 2 e SR Y )
3 L .‘f.y ‘Ll:'..' 1"'«‘ "j‘ Y
‘ka;'/".‘ h e d % P %
~ < )) ‘\._‘1 N ‘;i
e LAY kg S S O3t £
y L DA { "_‘\_, ,‘A) "rh‘}\ -,
o \’,,3,”{ ‘,\ y ; va
N S
W S Bk AT .
=z r;_ ; T\
~ / i
o N\
™y 4 1250% PEUT Y

Figure 11 - SEM image from sample C23, exhibiting two types of grain in the iron matrix.

3.2 WROUGHT IRON ORNAMENTS

Wrought iron ornaments are mainly composed by Fe as major chemical component,
and ferrite as the main mineral phase. However, samples presented inclusions of different
shapes, probably due to slag, typical characteristic of wrought iron production [1, 17].

Many slag morphologies can be produced according to furnace structure, raw
materials and many other parameters [20]. In wrought iron samples, slag formation showed

03 (three) shapes variations: 1) circular; 2) irregular; 3) traces (Figure 12).

Zone Mag = 700 X vy "._' -.‘ T Ay ot :7"_ = Zone Mag =

Figure 12 - SEM images from samples C07 (A), F17 (B) and K20 (C), presenting different slag
inclusions.
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Circular and irregular shaped inclusions present the same composition as the matrix.
However, traces inclusions exhibited different inner morphology and composition, which
present double phase inclusions, shown in SEM as two different shades of gray (Figure 13),
similar to micrograph images of ancient alloys described by Liu (2014) and McCowana
(2011) [21,17]. Darker gray grains are formed by Fe, Mn, S, P, Si and O, and lighter grains
are composed of Fe, Mn, S, P, Si and Ca.

Zone Mag= 1.70KX

Double phase
inclusion

Figure 13 - SEM image from sample K20, exhibiting two phased inclusions.

3.3 PLANE SHEETS

Plane sheets ornaments are also mainly constituted by Fe as major chemical
component, and ferrite as the main mineral phase, as well as also exhibited three different
patterns of slag inclusions along the iron matrix, which are: 1) circular shaped inclusions; 2)
double phased inclusions; and 3) no inclusions.

During smiting process of plane sheets, slag formation does not show the same
patterns and chemical composition, due do rudimentary processes and many other operating

parameters [20, 22], which may be the case of the plane sheets on different mausoleums.

a) Circular inclusions

Some ornaments showed circular shaped inclusions along the matrix, as well as slag
inclusions (Figure 14). Circular inclusions are normally related to nodular cast iron, used for
structural purposes on architectural structures [7, 16], and possibly not current on ornamental

use, due to its characteristics.



77

On the other hand, slag inclusions, cracks and air nodules are current on ancient iron
specimens [20, 22] and exhibited on this group of ornaments, which are constituted by Ca, P

and Mn.

Zone Mag = 267 X

Figure 14 - SEM image from samples G08 (A) and G27 (B), indicating circular shaped inclusions

b) Double phase inclusions

Several ornaments presented matrix containing irregular doubled phase slag
inclusions, normally found in ancient specimens of iron alloys [17, 21, 23] (Figure 15). The
slag inclusions present chemical elements such as Ca, P, and Mn, typical elements in foundry

Processces.

.0 um Mag= 620X EHT=2000kv WD= 16mm 0V Date:18May2013  LABMEV-UFPA

Mag= 240X EHT=2000kv WD= 15mm Date :18 May 2013 LABMEV-UFPA

Figure 15 - SEM image from sample C23, showing double phase inclusions.

¢) No inclusions
Some ornaments presented no inclusions along the iron matrix (Figure 16), as well as
smooth and dense texture, a typical characteristic of wrought iron ornaments, described in

Palacios et al (2014) and Balos (2009) [16, 23] in architectural and archeological specimens.
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Zone Mag= 613X
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Figure 16 - SEM image from samples C10 (A) and B34 (B), exhibiting no inclusions on the iron
matrix.

4. DISCUSSIONS

According to the results obtained in this research, it is possible to confirm the diversity
of types of iron microstructure in the Soledade Cemetery. The diversity of micrography
expected on this work was mainly directed to the differences among the types of forging: cast,
wrought, and plane sheets. However, many differences were exhibited among the sampling
groups, which is probably due to different proveniences and various types of foundries, as

they were not the same in European countries during the 19" century [24].

4.1 CAST IRON

Cast iron samples from the Soledade Cemetery presented three types of microstructure
among the nine samples studied (Table 02). However, Palacios et al (2014) and McCowana
(2011) [16, 17] described only Type B cast iron on ornaments used on buildings from the 19"
and 20" century.

Table 02 - Cast iron samples organized according to their pattern and type of gray cast iron.

CAST IRON SAMPLES

TYPE OF GRAY CAST IRON SAMPLE |
A C15,07
B C10, G27
D B26, C23, G31, K14, LOS.

The diversity of cast iron may indicate, besides different proveniences, the lack of

preoccupation in applying the best type of casting in the ornament. There was no concern in
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relating, for example, forging temperature and chemical composition to the ornament
duration.

Also, among cast iron samples, it was possible to observe the differentiation of
foundry from the same provenience. Mausoleum C10 was produced by José Moreira Rato,
from Portugal, and Mausoleum C23 was produced by his sons (Rafo e Filhos), whom
continued in mortuary design later on. C10 present Type A microstructure, and C23 exhibit
Type D, which shows a preoccupation with durability of the iron ornaments, with the usage of

a more durable alloy in newer ornaments.

4.2 WROUGHT IRON

Wrought iron samples exhibited differences possibly due to the iron making processes
[23]. Different application of pressure during casting and many other parameters may
interfere on the presence or expulsion of slag, since these types of ornaments were possibly

made through the hand-made deformation of an iron bar [20].

4.3 PLANE SHEETS
Plane sheets samples presented also three types of microstructures among the nine

samples analyzed, as shown in Table 03.

Table 03 - Plane sheets samples organized according to their pattern.

PLANE SHEET

PATTERN SAMPLE

Circular GO08, G27
Double phase | C07, C23, C30, K14, K20

No inclusions B34, C10

Ancient plane sheets specimens are not widely studied, since it is mostly used only
buildings, and not usually present on several types of iron artifacts. However, it is possibly to
observe that the different types of inclusion, as well as its absence, is possibly related to the
evolution of casting industry, which allowed the elimination of slag [20].

However, some disparities were found on samples from mausoleums C10 and C23,
both from the same origin and lineage of production. C10 was probably casted prior to C23
(see item 4.1), but does not show any slag inclusions. The presence of slags on newer plane

sheets from the same factory, may indicate the lack of preoccupation of producing plane
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sheets of high quality or the standardization of its production [24], since they do not show any

ornamental design and main esthetical importance.

5. CONCLUSION

According to the results of this research, the Soledade Cemetery ornaments holds up
many patterns of cast, wrought and plane sheets, not found in iron architecture imported to the
Amazon. Many other ornaments of metallic historical buildings exported to Belém do not
exhibit this type of diversity [16], which indicate the importance of mortuary iron ornaments
for historical and architectonical studies.

Due to its diversity or iron alloys, produced by manual and industrial foundries, the
Soledade Cemetery may be characterized as one of the most important historical sites of
ancient metal ornaments in the Amazon. Trough the analysis of many patterns of
micrography, as well as different chemical and mineralogical composition, it is possible
indicate the evolution of iron ornaments imported to Belém, which is not possible to achieve
only thought the study of metal buildings.

The work on the iron ornaments from the Soledade Cemetery is part of a larger
research of historical iron architecture in the Amazon. Through the results of this research it is
possible to subside conservation and restoration procedures, specially on the confection of
replicas. According to Light (2000) [1], the aim of the replication of iron ornaments is to
understand how it was made, and in which conditions it was produced. These characteristics
are important historical and architectonical information.

This work developed significant results on 19" century metallurgy imported to the
Amazon. However, further steps need to taken in order to complete this study, such as the

definition of the ornaments origin using historical data along with laboratorial results.
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5. CONCLUSOES

Acredita-se que esta pesquisa tenha atingido seus objetivos, vide que foi possivel
compreender, de forma aprofundada, os diferentes exemplares da arquitetura de ferro, e suas
variagdes micromorfologicas, quimica e mineraldgica, bem como seus respectivos processos
de degradagdo. A partir dos resultados da caracterizagao dos edificios / ornamentos abordados
neste trabalho, notam-se quatro fatores relevantes no entendimento nos metais ferrosos
historicos em Belém, identificados por meio de analises laboratoriais:

1) as diferentes formas de produ¢do, identificadas nas variagdes microestruturais,
quimicas e mineraldgicas, confrontando alguns aspectos historicos, e indicando a utilizagdo
de diferentes tipos de ferro de acordo com a arquitetura do edificio;

2) evolucao dos processo de produgio;

3) identificacdo de processos de intemperismo;

4) estabelecimento de relagdes temporais dos edificios e ornamentos da arquitetura de

ferro de Belém, a partir dos fatores explicados a seguir.

5.1 VARIEDADE NAS FORMAS DE PRODUCAO E A UTILIZACAO DE DIFERENTES
TIPOS DE FERRO EM RELACAO A ARQUITETURA

Segundo relatos historicos, os edificios metalicos dos séculos XIX e inicio do XX,
foram confeccionados em ferro ou ago, sem maiores especifica¢des. Entretanto, a partir da
caracterizagdo de diferentes ligas metdalicas, primeiramente do Mercado de Ferro do Ver-o-
Peso, foram identificadas varia¢des nas ligas de ferro, dentre fundidos, forjados e laminados.

As diferentes morfologias de ligas no Mercado de Ferro do Ver-o-Peso esta
relacionada a diferenciacdo de fungdes das pecas nos edificios, tais como: estruturas,
vedagdes, telhas e ornamentos. Esta diferenciacdo indica um processo de fabricacdo evoluido,
datado do inicio do século XX, e que leva em consideragdo a durabilidade e for¢as mecanicas
das pecas no edificio.

Na caracterizagdo das ligas metalicas do chalé de ferro desmontado foi encontrada a
mesma tecnologia de fundi¢do, seguindo a diferenciacdo de pecas segundo sua funcdo.
Entretanto, observa-se que héa diferencas referentes a organizacdo das precipitagdes e
elementos quimicos ndo-usuais, indicando processos de fundi¢do mais antigos, relacionados a
idade do edificio, que data de 1886.

No que tange a diferenciagdo, por exemplo, a utilizagdo do ferro fundido nodular para

as estruturas que sofrem grande compressdo no sistema construtivo, tais como pilares, ¢é
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adequado, por ser um tipo de ferro de alta resisténcia. A aplicagdo de demais ligas, tais como
tipo E para vedagdes ¢ adequada por ser uma liga de maior maleabilidade e de facil
compressao; ao passo que o uso de ferro fundido do tipo B e ferros forjados nos ornamentos ¢é
usual por serem ligas de menor resisténcia mecanica.

Essa diferenciacdo de tipos de ferro apenas ocorreu nos edificios, relacionada a
producdo majoritariamente industrial. Além da diferenciagdo, ocorrem poucos erros de
produgdo e a pequena presenga de materiais indesejados (slags). No entanto, apesar da
semelhanca de tecnologia de fundi¢do entre os dois edificios, relacionando micromorfologia
com func¢do arquitetonica, foram encontradas diferencas em especial de cunho textural nas
ligas metélicas dos grupos de ornamentos e vedagdes.

Tais diferengas foram notadas também nos diversos ornamentos e chapas metalicas do
Cemitério da Soledade, o mais antigo entre o elenco da pesquisa, em que ndo ha diferenciagio
ou padronizacao de ligas por tratarem-se de ornamentos sem funcdo, além da ornamental. As
ligas aplicadas sdo as variagdes de ferro fundido cinzento, laminado e forjado.

Dessa forma, os resultados microestruturais dos ornamentos do Cemitério da Soledade
indicam diversos tipos de ligas para vedagdes e ornamentos, ndo encontrados na arquitetura
de ferro de edificios de grande porte. Foram identificados diversos tipos de precipitacdes na
matriz ferrosa das amostras, bem como falhas de fundi¢do, indicando processos de fundi¢ao

ainda mais antigos, mesclando métodos industriais € manuais.

5.2 EVOLUCAO DOS PROCESSOS DE PRODUCAO

A caracterizagdo das ligas metalicas dos trés exemplares da arquitetura de ferro
indicam a evolucao do processo de fundigdo frente a idade do edificio ou ornamento.

O processo de evolucdo das ligas metdlicas europeias importadas para Belém ¢
notodrio, em especial, nos ornamentos e chapas, que foram as amostras que mais indicaram
diversidade de micromorfologia. Essa evolucdo do processo de fabricagdo ¢ observado nos
ferros fundidos, ferros forjados e ferros laminados.

Nas ligas de ferro fundido, em especial do tipo B, comum a todo o elenco da pesquisa,
a evolucdo da producdo ¢ caracterizada, principalmente, pelo formato e organizagdo das
lamelas, a forma de nucleacdo da grafita e a composicao quimica.

Nas amostras do Cemitério da Soledade, por exemplo, a nucleagdo das lamelas ¢ mais

disforme, ao passo que as do chalé¢ desmontado possuem nucleagdo e organiza¢ao das lamelas
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mais proximos a formas radiais. E por fim, as inclusdes nas amostras do Mercado de Ferro do
Ver-o-Peso exibem formato radial definido, mais compativel as ligas atuais.

Estas diferencas de organizacdo de grafita indicam temperaturas diferenciadas de
fundi¢do, em que as mais elevadas s3o referentes & melhor formacao de lamelas radiais, bem
como de velocidade de resfriamento, nos quais as mais lentas sdo mais adequados.

Na Figura 29, observa-se a evolugdo das pecas do ferro fundido cinzento do tipo B,
segundo sua micrografia, de acordo com a idade do elenco da pesquisa e as caracteristicas

previamente discutidas.

MERCADO DE FERRO DO
VER-O-PESO

CHALE DESMONTADO
(1886)

Zone Mag =.,164 X

Figura 29 - Evolucao das ligas de ferro Tipo B nas diferentes amostras de ornamentos nos exemplares
da pesquisa.

Nas pecas de ferro forjado, a principal caracteristica de evolucao das ligas ¢ a presenca
de inclusdes de impurezas, identificadas como slags. Nas amostras dos ornamentos forjados
mais antigos, do Cemitério da Soledade, nota-se a presenca de muitas impurezas, inclusive a
formagdo de inclusdes bifasicas (double phase inclusions), compostos por Fe, Mn, S, P, Si e
Ca.

Por outro lado, nas amostras de ornamentos forjados do chalé desmontado ha a
presenga de inclusdes de impurezas compostas apenas por Fe, Si e C, ndo bifasicas. Por fim,
nas pegas do Mercado de Ferro do Ver-o-Peso, ndo hé inclusdes e apenas o Fe como elemento
quimico unico.

A variacdo da presenca de impurezas indica a evolucao do processo de forja relativo a
pressdo e forca aplicadas nas barras metélicas, que pode ser de cunho manual, indicando a

presenga maior de inclusdes, e semi-industrial, sem a presenca de inclusdes. Na Figura 30 estd
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indicada a evolucdo das forjas dos edificios e ornamentos estudados na tese, de acordo com

idade e presenca de inclusdes.

MERCADO DE FERRO DO
VER-O-PESO
(1901)

CHALE DESMONTADO
(1886)

Zone Mag= 330X Zone Mag= 1.00 KX

Figura 30 - Evolucao das ligas de ferro forjado nos diferentes exemplares da pesquisa.

Nas chapas em ferro laminado, a caracteristica principal de evolugdo das ligas também
¢ relativa a presenca de inclusdes de impurezas (slags) identificadas nas amostras (Figura 31).
Nas pecas do Cemitério da Soledade ¢ possivel observar inclusdes bifasica (double phase
inclusions) compostas por Fe, Mn, S, P, Si e Ca.

No chalé desmontado e no Mercado de Ferro do Ver-o-Peso as inclusdes presentes nas
amostras sdo mais delgadas, ndo apresentam diferentes fases e sdo compostas principalmente
por Al e Ca.

Assim como nas amostras ferros forjados, a presenca de diversas formas de impurezas
estd relacionada aos diferentes processos de prensagem aplicados nas chapas, que pode ser
manual, com presenca de inclusdes bifasicas, ou industriais, com inclusdes mais delgadas

(Figura 31).
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MERCADO DE FERRO DO
VER-O-PESO
(1901)

CHALE DESMONTADO
(1886)

Zone Mag= 396 X

Mag= 240X EHT=2000kV WD= 15mm  20-0Hm Date :18 May

Figura 31 - Evolucdo das ligas de ferro laminado nos diferentes exemplares da pesquisa.

5.3 IDENTIFICACAO DOS PROCESSOS DE INTEMPERISMO

Nesta pesquisa foi possivel observar duas variagdes de produtos de intemperismo na
arquitetura de ferro na Amazonia: 1) produtos classicos provenientes da corrosio; 2) produtos
de alteragdes relativos aos extratos de tinta remanescentes nos edificios € ornamentos.

Em analises ao MEV de amostras contento produtos de corrosdo, ¢ possivel observar
que a camada mais proxima do metal sadio ¢ mais concisa € menos granulada que a camada
mais externa, que ja sofre destacamento, perda de material e apresenta graos desagregados
(Figura 32). Segundo as analises laboratoriais, os graos sdo em grande parte formados por

hematita e goethita, produtos classicos da oxidag@o do ferro metalico.

PRODUTOS DE CORROSAO
.. Yo * .

Bl \..

Figura 32 - Imagem esquematica representativa de produtos de corrosao.

Em relagdo as amostras que apresentam extratos de tinta remanescentes, ao MEV, sdo
caracterizadas por camadas sucessivas, com texturas diferenciadas e representadas

especialmente por zincita e hidrozincita (Figuura 33).
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CAMADAS DE TINTA

=
METAL INALTERADO
Figura 33 - Imagem esquematica representativa de produtos do intemperismo da tinta, apresentando
textura em camadas.

Em alguns casos, foram notadas a formagdo de uma camada de produtos de corrosdo
entre a camada de revestimento e o metal (Figura 34). Isto indica que a tinta antiga ndo
protege mais as pecas dos edificios. Logo, ¢ ilusorio tentar sanar os processos de corrosdo na
arquitetura de ferro sem a retirada das tintas histéricas para o tratamento completo das pecas.
Por possuirem valor historico, as tintas devem ser documentadas por meio de analises

laboratoriais, para a salvaguarda da histdria, antes de sua remocao.

| CAMADA DE TINTA :

METAL INALTERADO

Figura 34 - Imagem esquematica indicando a presenc¢a de camada de corrosdo entre o metal sem
alteracdo intempérica e a camada de tinta.

5.4 RELACOES TEMPORAIS DOS EDIFICIOS E ORNAMENTOS

Em funcdo da comparacdo de diversas estruturas histéricas de ferro por meio de
analises laboratoriais e informagdes de pesquisas histdricas anteriores (Palacios, 2011), foi
possivel estabelecer uma “linha do tempo” esquematica da arquitetura de ferro em Belém,
entre os anos 1850 e 1909, relacionando: 1) tempo/ idade; 2) proveniéncia; 3) evolugdo das
estruturas e microestruturas; 4) diferenciagdo de ligas; 5) durabilidade dos metais (Figura 35).

A partir do desenvolvimento da linha do tempo, pode-se observar que a Inglaterra foi
a maior exportadora de edificios metélicos para a capital paraense. A Walter McFarlane'’s,
famosa pela exportacdo de ornamentos para Belém e muito citada em fontes histdricas, ndo
foi a Unica fabrica de grande notoriedade na arquitetura de ferro. Dentre os edificios fora do
ambito desta fundicdo, estdo o complexo da Estrada de Ferro de Braganca, Reservatorio de
Sao Brés, o Mercado de Ferro do Ver-o-Peso e os Galpdes da CDP (Companhia das Docas do

Pard), que sdo edificios famosos no contexto belenense.
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A Inglaterra foi pioneira na aplica¢do das estruturas em ferro na cidade. Observa-se
que os demais paises, tais como Bélgica e Franca, somente iniciaram as exportacdes em 1886,
possivelmente em funcdo da produgdo menos especializada em relagdo as fabricas inglesas.

A evolugdo exponencial das fundi¢des inglesas ¢ notada em especial nas tipologias
arquitetonicas, em que atingiu grande complexidade estrutural. Os edificios belgas e
francesas, por exemplo, ndo chegaram ao porte das construgdes inglesas, mesmo que bem

estruturados e complexos.
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Este trabalho ¢ apenas o inicio do que pode ser denominado como uma nova linha de
pesquisa voltada para a ciéncia dos materiais da arquitetura de ferro dos séculos XIX e XX
em Belém, com o intuito de subsidiar a conservagdo e restauro da arquitetura de ferro, tais
como nas acgdes limpeza, confeccdo de réplicas, escolha da melhor camada de tinta a ser
aplicada, dentre outros. De acordo com Light (2000), o conhecimento aprofundado do
material ¢ a chave para o entendimento de sua produgdo, uma caracteristica importante para a
historia e técnica da arquitetura.

Outra contribui¢do desta pesquisa ¢ de poder servir como base de identificacdo para
pecas de ferro de fung@o ndo identificada na arquitetura histdrica, tais como as encontradas
em sitios arqueoldgicos ou pecas remanescentes de grandes estruturas, por meio da andlise
microscopica. A partir da diferenciacdo de pegas relacionadas a fungdo encontrada nessa
pesquisa, bem como a variedade de tipos de producdo, ¢é possivel determinar, por
comparacdo, a fun¢do de pecas que ndo tiveram suas formas identificadas por inspe¢ao visual
ou pesquisa historica.

Apesar desta pesquisa ter gerado resultados importantes para subsidiar a conservagao e
restauro da arquitetura de ferro do século XIX e XX, ainda ha a necessidade de investigar
mais a fundo as caracteristicas dos materiais desta modalidade arquitetonica, tais como
determinagdo da procedéncia de elementos de origem ndo identificada. Muitas vezes a
identificacdo ndo € possivel a partir apenas de analises laboratoriais ou somente pesquisa
historica, havendo a necessidade do cruzamento de dados de diversas areas do conhecimento,
abrangendo o campo das pesquisas interdisciplinares.

Desta forma, a continuidade deste estudo visa cruzar informagdes historicas com

andlises laboratoriais, inserindo a arquitetura de ferro em temas interdisciplinares.
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