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The 18 th EMABM, taking place in France in 2022, marks the 140 th anniversary of a landmark publication for all cement microscopists: the description of Portland clinker phases

Introduction and familial background

Henry le Chatelier (Figure 1), born in Paris on October the 8 th , 1850, was the son of Louis le Chatelier (1815-1873) who was himself involved in various aspects of science all along his career (chemistry, metallurgy, railroads…) and whose name is written on the Eiffel tower (72 scientists are honored on this monument, their name being written in golden upper case characters at the 1st level of the tower). Henry's four brothers were also active in various domains such as mechanical engineering or architectu-re. He entered the famous École Polytechnique (historical, high ranked engineering school from Paris) and graduated first, aged only nineteen. This allowed him to enter the École Nationale Supérieure des Mines (now Mines ParisTech) and led him to belong to the corps des ingénieurs des mines -a corpse of engineers involved in national technical and scientific matters. During his studentship, his marks were quite high (Figure 2).
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A glimpse of his scientific achievements

Henry Le Chatelier is famous among chemists for his principle about chemical reactions. He also worked in numerous fields of science and technology. Interested in combustion phenomena, at a time during which explosions in coal mines made a lot of casualties, he improved the design of lamps in order to prevent catastrophes. He created in 1904 the journal Revue de Métallurgie, still published today under the name "Metallurgical Research". He designed an optical pyrometer in order to precisely measure high temperatures in industrial processes [START_REF] Le Chatelier | Sur la mesure optique des températures élevées[END_REF].

Le Chatelier's legacy

Works about cement and microscopy Involved in metallographic studies (Le Chatelier, 1900), he improved sample preparation and gave details about the necessity to have a correct cutting of the sample as well as various points regarding abrasives -all those comments sound so actual! He also devised an inverted metallographic microscope for larges samples, later known as the "Le Chatelier metallographic microscope" [START_REF] Blood | Microscopes[END_REF]. The benefit of such a microscope is to prevent the operator to have a sample which faces are parallel within each other and to directly put the polished face on the stage. His thesis, defended in 1887 on July the 7 th was translated into English under the title "Experimental researches on the constitution of hydraulic mortars" by a certain Mr Mack, still widely cited today. Among the community of building materials microscopists, this work is famous for the first description of Portland's cement clinker under the microscope, accompanied with drawings (Figure 3). Actually, to be exactly respectful with the chronology, his descriptions were already published in his timely article, available only in French (Le Chatelier, 1882): "Recherches expérimentales sur la constitution des ciments et la théorie de leur prise" -almost the same title as his thesis.

1. Thin section through a grey grappier1 from the Teil, showing2 SiO 2 , 3CaO crystals with very weak double refraction, separated by a small quantity of a ferruginous filling. 

The legacy of Henry Le Chatelier

While his seminal work on cement microscopy is still widely cited in international literature, there are several aspects of science intimately associated with his name. Firstly, although referred to as "questionable" by the International Mineralogical Association (IMA), an amorphous form of SiO 2 is known as lechateliérite [START_REF] Lacroix | La silice fondue considérée comme minéral (lechateliérite)[END_REF]. It has been initially described in fused xenoliths of volcanic rocks and in fulgurites, which are melted quartz-rich sands at the impact of a lightning strike. 

From Le Chatelier to the names of Portland cement clinker phases proposed by Törnebohm

The usual reference, still mentioned in modern works, regarding the names of the clinker phases, is a paper by the Swedish geologist Alfred Elis Törnebohm (1838Törnebohm ( -1911) ) in the German journal Tonindustrie Zeitung [START_REF] Törnebohm | Die Petrographie des Portlandzements[END_REF]. However, the text is presented like a report of a presentation held during the "International Congress of the Materials Testing Union in Stockholm". It concerns clinkers from Lomma and Limhamn, close to Malmö.

The report goes as follows: « In the investigated samples from normal cement clinker, four different minerals could be distinguished with certainty. Additionally, an intermediate isotopic phase of a glassy nature was observed. The four minerals were well distinguishable and Törnebohm denoted them the names; Alite, Belite, Celite and Felite. The most important component of Clinker is Alite. The mineral is colorless, with a strong refraction index but a weak double refractive index. The Alite crystals exhibit partially an elongated form and partially a hexagonal form. The hexagonal sections are nearly isotropic. It could therefore appear that alite belongs to the hexagonal system. Nevertheless, this may not be the case, as thick prepared samples usually create biaxial interferent configurations. Therefore, it could be assumed, that alite crystallized in an orthorhombic form but with a hexagonal habit. This would agree well with the fact that in some cases, the crystal exhibits hexagonal twining sections/patters, which could be associated to a prismatic area. The elongated sections, are often infused with cracks which run parallel with the longitudinal direction and these cracks coexist as well with some cleavages. Sometimes, in lightly burnt clinker, thin blocks, optically similar to Alite can be observed. Those blocks have been often misidentified as the Alite phase, although they are only a section of the whole Alite sheets. The Belite phase is characterized by a blurry-yellowish color, with a strong refractive index and a biaxal optical morphology. The phase forms granules with roundish shapes and without visible cracks. Sometimes these granules appear separated from one and other and sometimes in groups. They are often stripped in two different directions, depending on the intersection profile. The Celite phase can be slightly distinguished from the other clinker minerals due to its dark yellow to brown color. It is characterized by a strong refractive index and a biaxal optical morphology. The mineral forms in small thin sticks like-shape and always extinguish the light intensity in parallel directions. The phase probably belongs to the rhombic system. The thin sticks of Celite are visible only in light burnt clinker, whereas, in well burnt clinker, the phase is mostly found as a filling in between the other clinker phases and unequally distributed in different spots of the bulk clinker. The Felite phase is colorless, with strong double refractive index and optically biaxial. Its refractive index is almost equal to that of Belite. The phase usually comes in rounded shaped grains, individually elongated and does not exhibiting any crystallographic boundaries. Felite was evident in some of the samples, whereas in some of them not identified at all. This may be due to the fact that the samples may be richer in Belite. Finally, the isotropic and amorphous like phase that fills the space between the four clinker minerals, is colorless with a relatively strong refractive index (even, slightly stronger than that of Alite phase). In most of the samples, the above-mentioned amorphous phase is not easily distinguishable from Alite, whereas in samples where the Alite phase had been dissolved, the phase it can be easily distinguished and it is present in a considerable amount.» Finally, the same report mentions that Törnebohm's observations have been realized independently from the ones of Henry Le Chatelier. Whoever had been the first, one can observe that applied microscopy was already at its peak at this period!
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 1 Figure 1. Henry le Chatelier sitting close to an optical pyrometer of his design. © Bibliothèque interuniversitaire de la Sorbonne. Cote : RBA 3= 163-2. Pièce 23
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 3 Figure 3. Hand drawings of thin sections cut through Portland cement clinker and cement hydration products as figuring in Henry le Chatelier's thesis -see text for captions. © Bibliothèque patrimoniale numérique, Mines ParisTech.
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 4 Figure 4. Wollastonite from the Teil (formerly Theil) cement plant, still active today. The sample is ca. 7 cm across. © Musée de Minéralogie de Mines ParisTech, sample #67540.

Grappier (from « grape ») is a term from the lime industry, describing small rounded hard pieces of unextinct lime.

2 Original typography with superscripts in chemical formulae.
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