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Abstract

George Ravescroft’s royal patent for: “a perticuler sort of chritaline glasse resembling rock christall”, in 1674 is seen as marking the foundation of the British ‘flint’ (lead crystal) glass industry.  This paper discusses the glass technology developments that lay behind this patent and its links to innovations in other countries, particularly Holland.  Previous analyses have concentrated on Ravenscroft’s introduction of lead into the glass batch, but that was not new and represents only a small part of the story.  Thus this paper covers a wider scope, addressing the contribution that: fuels, furnaces, pots, processes and materials all made to this successful innovation.  In particular reference is made to three period glass technology books and to the results of analyses of excavated drinking glass fragments. The paper concludes that far from being the result of an individual effort, this patent represents just one thread of a whole fabric of inter-related glass technology developments across Europe.

Introduction

The quarter century from 1655 to 1680 saw a revolutionary change in the technology of vessel glass making; a shift that propelled England from a third-rate to a world-class glass-making nation. Past accounts have portrayed this as a strictly English affair and credited it, almost single handily, to an influential merchant George Ravenscroft. The evidence presented here suggests it was not the individual act of a gentlemen alchemist, but the result of the fusion of new science with traditional art in the pursuit of wealth, with printed books playing a key role.

In May 1674 George Ravenscroft obtained a Royal patent for "a perticuler sort of christaline glass resembling rock crystal".  A year later, Plot (reference 1) wrote that this 'invention' had been "lately brought into England by Seignor da Costa a Montferratees and carried on by one Mr Ravenscroft who has a patent".  It is usually assumed that the 'invention' here was of a new recipe for the raw materials for the glass.  But this is only a small part of the story.  We will explore further the nature of this invention and Da Costa’s role. A new perspective has been provided by Peter Francis' discovery (reference 2) of a parallel Royal patent for glass making in Ireland.  This was granted to three people: Lloyd, Hunt and Formica.  The first two, like Ravenscroft, were men of wealth and influence, but John Odacio Formica is the person who most interests us here. The similarity and coincidence of the patents suggest that 17th C English and Irish glass developments shared a common root.  It is well documented that Ravenscroft was continually seeking perfection, using costly high-quality raw materials in an effort to mimic rock crystal.  Little work has been done on 17th C Irish glass, but my fluorescence analysis (reference 3) of glass found at Templeogue near Dublin (reference 2) suggests they used a different approach. Selected additions of decolourizers, such as manganese and cobalt, were used to compensate for the impurities in lower-grade raw materials.  There is also no evidence that the Irish glass suffered from the defect of crizzling that resulted from the inadvertent removal of stabilising calcium with Ravenscroft's 'pure' glass recipes.  So it seems unlikely that a glass recipe "invention" provides the link between English and Irish 'flint' glass.  However, looking at the people involved is much more fruitful. In tracing names one has to be careful about changes in spelling and usage from one country to another. Supporting material, not referenced here, has been used to validate that we are dealing with the same people.

Da Costa, Odacio and the Jacobspital glasshouse

Plot's reference to Da Costa being a "Montferratees" identifies him as being from the region around Altare, the glass-making centre in northwestern Italy.  Although Venice is usually credited as the cradle of European glass making, its punitive restricted practices reduced the spread of Venetian glass making skills. Glassmakers from Altare were in practice more influential in the diffusion of glass making throughout Europe and appeared to have played an essential role as catalysts in the spread of new glass making techniques. John Odacio was also from an established "Altare" glassmaking family, but what is particularly significant is that both John Odacio and John Da Costa worked at the "Jacobspital" glass house in Nijmegen, Holland.  This glass house advertised that it made "Christall de Montagne" and closed down in 1672 or 1673 due to the French siege and subsequent occupation of the town (reference 4).  Thus, both the people and the dates are right for a migration from Nijmegen to English and Irish "flint" glass making.  But what was the nature of the ‘invention’ they bought with them from Nijmegen?

Glauber and the Rozengracht glasshouse

To seek this invention we need to go back more than twenty years to 1651 when the German chemist J R Glauber published the English version of his book "New Philosophical Furnaces" (reference 5). Here he provides guidance on the design of efficient high temperature furnaces, based on his own experimental work.  Of particular interest is the use of what he describes as "collateral chimneys" in furnace designs.  Prior to this, chimneys had been seen simply as the means of ducting away waste gases.  Their role in creating draughts to support and regulate combustion had not been recognised. Glauber also wrote about ‘metallic glasses’ and possibly provided both recipe and furnace innovations when he worked at the Rozengracht glasshouse in Amsterdam.  In 1663 a French visitor recorded: "Glauber qui ne travaille plus et n'a point de forneaux" (reference 6).  This suggests that Glauber's work there was well known and the visitor had expected him to be still there with a furnace. Hudig (reference 7) argues that the furnace in the Rozengracht is that illustrated as "at Amsterdam" by Frisi in his 1668 Latin edition of Merret's translation of Neri's "Art of Glass" (reference 8).  
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Figure 1 ‘Amsterdam’ Furnace from reference 8

This illustration shows square flues (collateral chimneys) on the outside of the furnace structure.  These appear to follow Glauber's instructions (reference 9): “perforate the wall with the applying of a register, that the fire may be forced to attract the air from below through the collated chimney”. The Rozengracht made high-quality glass, so it is not surprising that they were keen to employ Glauber’s talents. It is noteworthy that Giacomo Bernadine Scappitta another glassmaker from Altare, working there in 1671, was instrumental in founding a glasshouse (St Clara) in Stockholm, Sweden to make "Rock Crystal Glass" in early 1676 (reference 10).  It may also be significant that he teamed with another 'alchemist’ in setting up this glass house, another sign of the link between glass technology and new science. So we have a possible link between Glauber, Scappitta and crystal glassmaking at the Rozengracht in Amsterdam and Sweden.  Similarly we have links between the Jacobspital glasshouse in Nijmegen, Da Costa, Odacio and 'Flint' glassmaking in England and Ireland.  What were the links between Amsterdam and Nijmegen?

[image: image2.jpg]



Figure 2 Frontispiece from reference 8
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Figure 3 Remaining section of the ‘Jacobspital’ glass house, Nijmegen
Jacobspital Nijmegen

An Italian glassmaker, Bastiaen Maistre is recorded as working at both the Rozengracht and Jacobspital (reference 4), providing at least one link between the two glasshouses.  Maistre was at the Rozengracht in 1666 and at Nijmegen before 1670.  Frisi includes a frontispiece in reference 8 (figure 2 above) that Hudig suggests is another view of the Rozengracht furnace.  However comparison between the two illustrations show it is clearly not of the same furnace.   I have previously suggested (reference 11) that the frontispiece corresponds to the interior of the Jacobspital glasshouse.  This is based on what we know of the building from the part of it that still survives (figure 3) and a contemporary painting of Nijmegen.   Records indicate that the glasshouse was enlarged, with the investment of more capital, around 1666-7, so this probably marks when the furnace was upgraded.  This is not incompatible with the dates for Maistre’s move.

Thus it is likely that the Altaran glassmakers at both the Rozengracht and the Jacobspital had access to Glauber's furnace technology, giving them the improved furnace performance they needed to develop their traditional art.  Glauber also specifically mentions glass of lead in reference 5 and elsewhere I have shown that his recipes appear compatible with analyses of excavated English glass fragments (reference 12). We also know that this furnace technology was available in England a little later, because Hooke mentions it is his diary (reference 13) and a trade card for John Burroughs’ Blackfriars glasshouse shows a stylised picture of this type of furnace (reference 14).

Merret in his notes to his translation of Neri’s Art of Glass gives a clear description of a contemporary English glass furnace of 1661 (reference 15).  This appears compatible with the base-furnace designs shown in figures 1 & 2, except that no means are described for regulating the furnace or altering the temperature distribution within it.  There is a single chimney opening on the vertical axis of the furnace. Simple computer modelling has verified that the furnace described represents a fully functional balanced design.  The addition of the ‘collateral chimneys’ illustrated in figures 1 and 2 would have rectified this control deficiency, using hot gas flue exits (registers) at (probably) four points round the periphery of the furnace. The chimney cap  (see figure 2) would have allowed the glass makers to control which registers were operative and varying the blockage of the chimney’s lower air inlet would have given fine control of the draught.  As Hooke puts it (reference 13) “little vents with registers to draw the heat to which place is desired”.   Merret also described how the glassmakers worked round the clock in two teams ‘six hours on and six hours off’.   Thus they would have had considerable difficulty working glass that needed to fine at a substantially different temperature to that at which it was melted.  Glauber’s collateral chimneys freed them of this constraint and thus gave them a wider choice of recipes they could work with.  One of these was ‘flint’ glass, but this was only likely to have been one of many. 

Pots and Fuel

There is a common belief that ‘flint’ glassmakers used closed pots in England in the 17th Century. The argument for this is that closed pots prevented contamination from coal fumes and coal was used because there had been a Royal proclamation in 1614 that forbade the use of wood for firing glass houses.  But, this superficial attractive argument begs a number of questions.  Would the glassmakers have even known about the proclamation? Many people now would be mystified if one talked about the Suez crisis and how this lead to the introduction of petrol rationing in England, but this represents a similar executive action and a similar lapse of time. To answer these questions we need to look for evidence of coal firing and the use of closed pots:

· There was a glass house at Calne, Wiltshire in the late 1660s. There was no local coal and no means of getting coal economically.  However, there was a considerable quantity of cheap wood, since forests, including one on the other side of the road, were being cleared to make way for country estates.

· Ravenscroft’s lease for the Savoy glasshouse specified the use of only wood fuel (reference 16).

· Henley on Thames, where Ravenscroft had his second glass house, was a wood-producing area for London.

· If one looks at period maps of London, particularly reference 17, it is clear that some glasshouses are adjacent to wood yards and some to coal yards.  The later glasshouses (Falcon, Cockpit, Jackson’s) in Southwark were adjacent to coal wharves and we know from reference 18 that there were complaints about fumes & smoke from them.  Others, (Whitefriars, Blackfriars, and Salisbury Court) were adjacent to wood yards and no record of complaints about them have been found, even though they were directly upwind of the City of London (e.g. reference 19 quotes a list of ‘air-pollution’ trades from Evelyn that does not include glassmakers).

· The period glass-making texts referenced here make no mention of closed pots.

· The earliest archaeological evidence for the use of closed pots in England is around the end of the seventeenth century.

Thus there appears little evidence to suggest that the early flint glass makers used coal as a fuel, or, even if they did, that they used closed pots to overcome any glass contamination from the combustion products.   Given that later ‘flint’ glassmakers are known to have used closed pots and coal as a fuel, this leaves an open question of when that transition occurred.   There is a possibility that an unusual granular surface degradation effect on some excavated glass stem fragments is the result of inadequate firing of the batch.  If this is the case, and this reduction in firing efficiency is linked to the introduction of closed pots, it would point to the introduction of closed pots in the mid-to late 1680s.  This is based on stylistic dating of these glasses.

Batch materials

References 1 and 13 show that Ravenscroft initially used flint, white sand, nitre, tartar and borax in his glass, but not arsenic.  It is well documented that he later also used lead.  Glauber (reference 19) advocated the use of flint, white sand and tartar in making a transparent clear white fusible glass, but counselled “you must keep from the air, for it will dissolve in it”, correctly forecasting future crizzling problems from the use of these materials.  He also devoted a whole chapter to “metallick glasses”, complaining that high lead glasses had a yellow colour and advocating the use of a two-stage process to get over it.  First flint and lead oxide were fused and cooled as the first stage and then the resultant lead silicate was mixed into a conventional glass making batch.  Although the glass was called ‘flint’, no contemporary reference has been found to any traffic in flint by name as a raw material.  

The use of tartar, saltpetre or nitre, flint and lead are also discussed in reference 15 along with all the more traditional sources of alkali.  That book also covers the preparation and use of: manganese, cobalt derived from smalts or zaffer and alkali derived from kelp, all of which appear to have been used by Ravenscroft’s contemporaries in making clear flint glass.  Many excavated fragments bear different seals, demonstrating the diversity of the early English flint glass industry.   Borax appears to be the one novel material for glassmaking.  However, reference 20 from the 16th century discusses the fluxing properties of borax along with tartar, nitre, and soda, suggesting that it may have been commercial issues, such as cost, that prevented its widespread use in glassmaking.

Thus the glassmakers of the period had ‘text-books’ available to them to help them select and use different ingredients in the batch.  In view of Glauber’s obvious knowledge of the ‘new’ glass making materials it would be surprising if lead was not used in the Rozengracht in Amsterdam.  The existence of a number of late 17th C lead drinking glasses that appear to have been made in Holland supports this presumption.  I have been unable to find any analyses of the early Swedish glasses to see if they contain lead.  There are two crizzled glasses attributed to Stockholm manufacture in the Stockholm town museum that appear to date from the 1670s, so it may be possible to determine this. Analysis of some early flint glass fragments has revealed the presence of the impurity chromium, presumably an impurity associated with the sources of silica used.  

Conclusion

I have briefly surveyed the evidence supporting some past notions on the technology of 17th C flint glass.   I have argued that the ‘invention’ "lately brought into England by Seignor da Costa a Montferratees and carried on by one Mr Ravenscroft who has a patent" was concerned with furnace design.  I have suggested that this development came from the Rozengracht glasshouse in Amsterdam via the Jacobspital glasshouse in Nijmegen and that glassmakers from Altare were the principle conduits for the spread of this knowledge in Europe.  I have traced back this development to the work of the German chemist J.R. Glauber and have suggested that his book ‘New Philosophical Furnaces’ and the different editions of Neri/Merret were important in disseminating the ‘science of glassmaking’ to the wider glass-making community. 

Glauber’s ‘collateral chimneys’ gave the glass makers control of the temperature distribution in their furnaces and freed them to fuse ‘book’ knowledge of new materials with their traditional glassmaking skills handed down within their families.  I have suggested that initially these furnaces were wood fired and used open pots and that the move to coal firing and closed pots for fine glassware did not take place until at least the 1680s. 

Like other revolutionary changes, the trigger for change came, not from the established centres of excellence, but from outsiders introducing new perspectives.  The industry moved from centuries of evolutionary change to decades of revolutionary change.  As such it is arguable that this change in the glass industry marks the real beginnings of the British industrial revolution, particularly in terms of the bringing together of  entrepreneurs, capitalists, scientists and skilled craftsmen to exploit growing markets within an expanding transport infrastructure. 

Far from being the result of an individual effort, Ravenscroft’s patent represents just one thread of a whole fabric of inter-related glass technology developments across Europe.  This paper has provided an insight to some of these other strands, but much more work is required before we can appreciate the extent of the canvas or the detail of the patterns.
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