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The text of the Roman architect Vitruvius (7, 11, 1) is the only text which outlines the manufacture stages of this artificial blue pigment used during the Ptolemaic and Roman periods. During the first century B. C., Vestorius, a rich banker of Puozzoli, imported and perfected in Italy the Alexandrine methods. Egyptian blue is a calcium-sodium disilicate of copper, (CaO, Na 2 O) CuO 4 SiO 2 shaped into blue or green balls. Grinding sand (harena) with natron (flos nitri) and adding copper yields a mixture shaped into a ball dried in air and fired in earthenware pots. Yet, the scientific analyses of Egyptian blue show the presence of a high amount of calcium. But Vitruvius's text does not mention any addition of limestone or lime. How was the calcium brought into the mix ? The source for the calcium might be the natural sand like the one extracted near Alexandria. It is a silico-calcareous sand. An other calcium source is the flos nitri, which is usually washing soda or natron, and acts as a flux. Pure natron does not contain lime. However, Pliny (Nat. 31, 114), states that in Egypt, natron is falsified with some lime, a forgery detected by its taste. It can be assumed that the flos nitri described by Vitruvius was imported from Alexandria and contained a fraudulent amount of lime, which seems to be common habit at that time in Egypt.

Introduction

C. Vestorius, a rich banker, businessman, and correspondent of Cicero, perfected at Puozzoli, the Alexandrine method of manufacturing the pigment " Egyptian blue ". [START_REF] Gundel | Vestorius[END_REF] The Roman architect Vitruvius (7, 11, 1) may have visited his factory : "The processes for making blue were first discovered at Alexandria ; afterwards also Vestorius founded a factory at Puteoli. His method and his ingredients are sufficiently noteworthy. Sand is ground with flowers of soda to such fineness that it becomes like flour. Cyprian copper is sprinkled from rough files like fine dust so that it combines with the mixture. Then, it is rolled by hand into balls and they are put together to dry. When dry they are collected in an earthenware jar, and the jars are put in a furnace. In this way, the copper and the sand burning together owing to the vehemence of the fire dry together, and, interchanging their vapours, lose their properties ; and their own character being overcome, they acquire a blue colour." 2No other text describes the steps of manufacturing this artificial pigment (based on copper oxide and an alkali) which was made, at a consistent level of quality, from the early Egyptian periods to the Roman, when it was used for frescoes and other paintings [START_REF] Lap | Ancient Greek Pigments from the Agora[END_REF] . In this paper, we will study Vitruvius' text from a linguistic and technical point of view.

Definition of Egyptian blue

Egyptian blue is an artificial product : a calcium-sodium disilicate of copper. It was an expensive pigment, unaltered by lime in wall painting, 4 and commonly shaped into blue or green balls called caerulea 5 . The modern theoretical process for its fabrication is as follows : siliceous sand is mixed with sodium carbonate, calcium carbonate, and copper, obtaining crystals of the disilicate, surrounded by green sodic silicate glass 6 . Lime (calcium carbonate) lowers the melting point of the mixture : the blue crystalizes better. "Egyptian blue" can be defined as a ceramic, surrounded with a glass matrix [START_REF] Delamare | Sur les processus physiques intervenant lors de la synthèse du bleu égyptien, réflexion à propos de la composition de pigments bleus gallo-romains[END_REF] .

Archaeometrists distinguish two products with the same appearance but differing chemically : Egyptian blue and Hubert's blue 8 .

Egyptian blue 1 unit of calcium oxide (CaO) + 1 unit of copper oxide (CuO) + 4 units of silicon oxide (SiO 2 ) + 0,6 unit sodium carbonate (natron : Na 2 CO 3 • H 2 O). The mixture is calcined at 850 • C for 24 hours. The result is calcium-sodium disilicate of copper (CaO, Na 2 O) CuO 4 SiO 2 .

Vitruvius, On architecture, Books VI-X, F. Granger (ed.), Volume 2, Loeb Classical Library (Cambridge : Harvard UniversityPress, 1985) ; Vitruve, De l'architecture, Livre 7, B. Liou, M. Zuinghedau, M.-T. Cam (eds.), Collection des Universités de France (Paris : Les Belles-Lettres, 1995). Vitr. 7, 11, 1 : Caeruli temperationes Alexandriae primum sunt inuentae, postea item Vestorius Puteolis instituit faciundum. Ratio autem eius, e quibus est inuenta, satis habet admirationis. Harena enim cum nitri flore conteritur adeo subtiliter ut efficiatur quemadmodum farina ; ea aes cyprum limis crassis uti scobis facta mixta conspargitur, ut conglomeretur ; deinde pilae manibus uersando efficiuntur et ita conligantur ut inarescant ; aridae componuntur in urceo fictili, urcei in fornaces : ita aes et ea harena ab ignis uehementia conferuescendo cum coaluerint, inter se dando et accipiendo sudores a proprietatibus discedunt suisque uiribus per ignis uehementiam confectis caeruleo rediguntur colore.

Conclusions

1) Vestorius would have built his factory in Puzzoli for several reasons : 15 -Puteoli was the biggest port in Italy (before the organization of Ostia under Claudius' administration) and an important commercial and industrial area .

-Local harena from the Volturnus river naturally contains a sufficient quantity of calcium oxide, as in Alexandria.

-Egyptian blue and glass manufacture require the same raw materials.

2) There are two possible sources of calcium in Vitruvius' text :

-silico-calcareous sand.

-adulterated natron commonly sold in Egypt.

Taking these two sources of calcium into consideration as part of Vitruvius' recipe, provides the correct ingredients and procedure for the manufacture of " Egyptian blue." In this paper, we have pointed out that archaeometrical studies alone are not sufficient to understand antical technology. It is only when archaeometry becomes associated with linguistic and technical study of the ancient texts that it is possible to discover the original ingredients and processes used in the related antique technology. Both investigation methods (the scientific one and the linguistic one) are complementary from each other and should be practiced accordingly in any study of ancient technology.