Useful references & discussion. Thanks Jaymie. 

Your last comment about the (sometimes hidden) benefits of “impurity” and “adulteration” are well taken. By mixing tin (a very soft and not especially useful metal) with copper (a moderately hard metal) you get a new result that is not a linear combination of their properties but is much stronger and harder than either alone and is also relatively easy to work with. It has been postulated that this kind of almost “magical” effect obtained by alloying common metals is what gave rise to the beliefs in alchemy. (If tin and copper can give me bronze, might lead + who knows what give me something like gold?)  -mrc
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Describing the history of the bronze casting process in a succinct, coherent and easy to follow fashion is not easy.  However, the article on The Bronze-Casting Process by Sara M. Malone succeeds in doing this. (http://www.unc.edu/courses /rometech /public/content/arts_and_crafts/Sara_Malone /BRONZE_2.html) It covers the subject of ancient bronze foundries and the associated methods of casting with finesse.  It describes Egyptian and Greek foundry scenes with evidence gathered from artifacts found in various archeological sites and ancient literary testimonials. It also mentions the Lost-Wax Hollow-Casting method with a vivid description of the tools and steps of both the Direct and Indirect Method.  Accompanied by a myriad of pictures and diagrams, the article continues the discussion with how the Greeks and Romans made their large-scale bronze statues.  

The primary ancient literary source used for this article was Book 34 of Pliny the Elder’s Natural History, written during the first century AD, which provides commentary on famous Greek and Roman bronze statues and the associated artists.  Book 2 of Benvenuto Cellini’s autobiography, where he describes his own foundry during the mid-sixteenth century while they were casting a statue of Perseus, was also used.  The article mentions the limitations of the evidence used to support its claims.  One such example is the fact that not only do the statues mentioned in Pliny’s book no longer exist, but also, there are no existing detailed descriptions of the technology known and used by the Greeks and Romans for the processes involved in large-scale bronze-casting.  The dearth of descriptions of the separate phases in the actual casting process leaves one to deduce the process from the artifacts and existing bronze works of today.  One of the few illustrations of a Greek foundry scene is the Berlin Foundry Cup, a sixth century BC vase.  It portrays a scene showing the process of creating two large statues at different states of manufacture.  The illustration of the furnace, tools and workers further elucidates the descriptions given by Cellini in his autobiography.

According to the article, very little information and archeological evidence is available on the size and type of furnace used for melting the copper and tin used to make the bronze alloy.  Among modern authors on this subject, Cellini alone succeeds in providing useful information on the actual process of making bronze and its removal from the furnace.  It also mentions that no crucibles used by Roman workers for bronze casting have been found.  This as well as the sparse information on the materials and technology involved in the construction of the molds leads one to realize the importance of documenting the processes of all forms of technology.

Despite the article’s thoroughness in addressing the process and history of bronze casting, it neglected to mention the simple method of open casting, where the shape of an object is hammered into a mouldable burn resistant material such as stone.  The stone is then set up in a level fashion and molten bronze is poured into the hollow.  Another potential gap in the article was the fact that it neglected to mention that circ perdue, lost wax casting, was possibly used as early as 5000 BC in India.  The Chinese had also developed the technology by the 2nd millennium BC. 


 Another article I found on Dawn of the Bronze Age mentions the importance of the evolution of tin-copper alloys in the development of bronze. (http://www.hindunet .org/hindu_history/ sarasvati/html/dancer1.jpg) It provides sufficient technical details and historical background to complement one’s understanding of the evolution of bronze casting.  However, for a more coherent framework with less superfluous details to detract, I recommend Mysteries of the Ancients by Duncan Franklin. (http://www.sciencenet.org.uk/articlesfeatures/archpal/mysteries.html) It quickly paints the main points of the evolution of bronze casting in a little over a page and gives a broad overview of the Age from a world perspective. It then proceeds to describe another technological advancement, that of plastic, in the last few pages.  

For a more detailed historical account however, I would try Chapter 4: The Bronze Age. (http://www.geology.ucdavis.edu/ ~cowen/ ~GEL115/115CH4.html) In the first page, the article addresses the nature of the discovery of bronze as one of luck.  The fact that copper ore naturally contained impurities in nature facilitated the development of the Bronze Age.  Imagine if everything in nature we found were of the pure material, how “lucky” would we be in “discovering” something new that would allow us to “advance” our civilization.  We complain of the many headaches and inconveniences that result from having to mine such precious materials from the earth and the time consuming “wasteful” process of refining these ores to “purity”, but forget that sometimes these impurities are what helps us “discover” what we need to advance ourselves.  It is the impurities in stones such as marble and copper ores that make things beautiful. In the following pages, it addresses the importance of human trial and error in the refinement and the development of this technology.  It shows the path of evolution for this technology resulting from available resources depending on the region and the trade and exchange of information that resulted from the lack of resources in each region.  International economic relations resulted from the need to evolve one’s own technology. 

 Together with sufficient detail of the mining process and management of the industry and a section discussing bronze in China, as well as the overall implications of technology on the environment, I found this article to be quite comprehensive.  The last few pages seemed a bit scattered however and deviated from the subject of Bronze.  Yet, I still recommend this article for its thought provoking points.  It reminds one of the necessity for global trade, the value of human trial and error, the importance of management of an existing industry and the imperative need to look forward in order to realize that for every technology that is produced, there are societal and environmental implications which impact us tremendously.  It is imperative that we take care to protect ourselves and our environment from the haphazard consequences that result from our advances, lest we brave forward and fall into a pothole of our own making.

