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ABSTRACT 

Porcelain wares have been produced following the directions contained in the Heylyn and 
Frye patent of 1744, using Cherokee clay and a lime-alkali glass frit. The wares were 
fired to the bisque (~ 950¡C), glazed using a clay-glass mixture, and then fired to a Òheat-
workÓ level of Orton cone 9Ð90¡ deflection at 150¡C per hour (1279¡C). Modal 
mineralogy comprises Caplagioclase and two glass phases, one relict frit and the other a 
melt phase. The bulk chemistry of the body comprises 64.3 wt % SiO2 21.7 wt % Al2O3, 
and 5.6 wt % CaO. Molecular ratios are SiO2:Al2O3 5.0 and SiO2:CaO 10.7. It is 
concluded that the patent, whose significance has been questioned over many years, was 
a practical working recipe, that close comparison may be made with porcelains of the 
ÒAÓ-marked group, and that the patent represents a remarkable landmark in English 
ceramic history.  
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INTRODUCTION 

The arrival of hard-paste Chinese porcelains into Europe by the 14th century from the 
East initiated considerable rivalry and competition within Europe to discover and ÒvendÓ 
comparable porcelain wares. By the close of the 17th century, the French had discovered 
imitation, or soft-paste, porcelain at factories like Rouen and St. Cloud. The first 
European hard-paste porcelain or Dresden China was produced by 1710 in Dresden under 
the patronage of Augustus the Strong. In England, William Cookworthy is believed to 
have manufactured experimental hard-paste porcelain in Bristol by 1765. The first 
recognized pieces of soft-paste porcelain are attributed to the Chelsea factory on the basis 
of several items of the Òtriangle period,Ó which are incised with a date of 1745. Adams 
and Redstone (1981) suggest that the ÒpalmÓ for the earliest English porcelain 
manufacture probably goes to Chelsea. However, they note that the discovery of a base of 
a porcelain bowl dated July 25 1746 at Newcastle-under-Lyme (Bemrose, 1973) indicates 
that the provinces were not far behind the ceramic advances in London. 

On December 6, 1744, Edward Heylyn and Thomas Frye filed a patent in London for the 
manufacture of a material that would produce porcelain with quality and beauty similar to 
that of imported Asiatic wares. Thomas Frye is generally credited with the discovery of 
this method or secret, which is dated to 1744 (Tait, 1959; Figure 1). However, significant 
debate has ensued as to whether any porcelains were actually made according to this 
patent and, if so, the identity of such wares (Tait, 1959, 1963, 1965; Watney, 1973; 
Freestone, 1996). The most recent contribution to this debate is by Ramsay et al. (2001, 
2003). These authors support previous observations (Charleston and Mallet, 1971; 
Freestone, 1996) that a small group of enigmatic porcelains of assumed English origin, 
known as the ÒAÓ-marked group (AMG), has a composition comparable to that of the 
recipe as defined in the 1744 patent. They also concur with previous suggestions (Lane, 
1958) that the clay used in the manufacture of the AMG wares contained kaolin clay, and 
propose that this clay was most likely discovered no later than the spring of 1741 in the 
Little Tennessee River valley (Iotla mine), just north of Franklin, North Carolina (Macon 
County). It was this clay, known to the Middle Cherokee Indians as uneka (white), which 
was to become one of the component materials in the 1744 patent. The clay was likely 
imported into London by May of 1743 by Andrew DuchŽ (Wells, 1957). The objective of 
this study is to produce analogue 1744 patent porcelain using Cherokee clay and a lime-
alkali glass. From this work, we intend to: (1) demonstrate whether the patent recipe was 
capable of making porcellaneous wares; (2) deduce the general kiln conditions that would 
have been required; (3) gain new insights into the wording of the 1744 patent and 
potential kiln-firing problems that might have been experienced by Heylyn and Frye; (4) 
investigate similarities between the chemistry, mineralogy, and ceramic properties of this 
1744 ceramic analogue and the AMG; and (5) illustrate the possible significance of the 
1744 patent in English ceramic history. 

 

 



THE “A”-MARKED WARES 

To date, the aforementioned AMG contains about 354 porcelain items (Mallet, 1994). The 
recognition of this group dates back to a 1937 English Ceramic Circle meeting, when a 
Òcurious teapotÓ and three cups were displayed (Elliot, 1939). The group, including tea 
cups, teapots, cream jugs, saucers, a snuff box, and a lidded sugar bowl, is often 
characterized by the presence of an ÒA,Ó either incised or written in underglaze blue and 
decorated with overglaze enamels or, uncommonly, left in the white. Lane (1958) noted 
that the porcelain body was harder than normal for English porcelains, having a modified 
conchoidal fracture, and he suggested that the body was of a hybrid type containing some 
kaolin clay. Lane (1958) and Charleston and Mallet (1971) both record that the porcelain 
body has an almost icy greenish-blue to less common olive-green hue under transmitted 
light. 

The factory attribution of the AMG has created considerable debate over the last half 
century with Young (1999:3) stating, Òamong the earlier porcelains only the rare ÔA-
markedÕ wares still await an attribution.Ó The first published attempt at an attribution was 
by Lane (1958) when he suggested a Continental origin. A subsequent survey of the 28 
known and recognized pieces of this group by Charleston and Mallet (1971) strongly 
suggested a British origin based on the known source of each item, potting features, and 
the enamelled decoration of the so-called Òhigh-styleÓ group. This decoration is, in part, 
sourced to various engravings by Hubert Fran•ois Gravelot, who is known to have been 
working in England between 1732/33 and 1745 (Charleston and Mallet, 1971). Such 
scenes include an ÒEnglishÓ theme of the game of cricket (Charleston and Mallet, 1971; 
Ramsay et al., in press) and other works used to decorate the supper rooms at the London 
Vauxhall Pleasure Gardens. Charleston and Mallet (1971) suggest a Scottish (Gorgie), or 
London (Vauxhall) attribution, while at the same time speculating that the ceramic 
composition of the 1744 Heylyn and Frye patent (the subject of this paper) may have 
shown some resemblance to that of the AMG porcelains. 

Mallet (1994) suggests Gorgie, Stourbridge, or Kentish Town as possible factory 
attributions for the AMG. The Gorgie factory is believed to have operated near 
Edinburgh by Alexander Lind under the patronage of the Duke of Argyll (Valpy, 1987; 
Rock, 1999) between 1749 and 1756 (Young, 1999). China production has also been 
recorded at Stourbridge between 1750 and 1751, and John Bolton is believed to have 
managed a concern on behalf of William Kempson at Kentish Town from 1755 to 1756 
(Mallet, 1994; Young, 1999). As yet, no porcelains manufactured in these three factories 

                                                

4 A previously unrecorded fluted cup, closely comparable to that shown in Figure 1 (Ramsay et 
al., 2003), but more densely enamelled and with a brown rim was sold by Dreweatt Neate, 
Newbury, October 9, 2002, lot 376. This increases the number recorded by Mallet to 36. More 
recently, E. Manners has advised the authors that the number of recognized ÒAÓ-marked pieces 
may now be as high as 37, if not 38. 

 



have been identified. Cushion and Cushion (1992) suggest a possible Scottish, Italian, or 
a Chelsea attribution for the AMG. 

Freestone (1996) noted the close correspondence between the chemical compositions of 
two AMG items and the 1744 Heylyn and Frye patent. However, he apparently 
discounted such an attribution, citing Charleston and Mallet (1971) as the reason. Instead, 
he appears to favour a possible Limehouse or Pomona attribution, while still noting a 
correspondence with the 1744 patent. Limehouse, located in east London, operated 
between 1745 and 1748 and is particularly known for its underglazed blue and white 
wares, while the experimental Pomona or Newcastle-under-Lyme factory, run by William 
Steers and later Joseph Wilson, is believed to have produced softpaste porcelains. 
Freestone (1996) suggested a time range for the AMG of the 1740s or early 1750s, 
presumably to incorporate the possibility of a Limehouse or a Pomona attribution. More 
recently, Freestone (1999a, 1999b) concluded that the relationship between ÒAÓ-marked 
wares and other products of this period remains unclear, although he noted the possible 
use of the imported unaker clay specified in the 1744 patent, as well as the patentÕs 
compositional similarity to the AMG wares. 

Ramsay et al. (2001, 2003) have proposed several lines of evidence which suggest the 
AMG was manufactured according to the 1744 Heylyn and Frye patent. These include 
the wording of the patent itself, the geology of North Carolina, the historical records 
pertaining to the Savannah potter, Andrew DuchŽ, and Josiah WedgwoodÕs agent, 
Thomas Griffiths, the identification of Cherokee clay or unaker, and the chemical 
composition of AMG porcelains. Ramsay et al. (2001, 2003) conclude that the AMG was 
most likely made in East London between 1744 and 1745. The financial backer of this 
concern is assumed to have been Alderman George Arnold, and Ramsay et al. (2001) 
speculate that the first letter of his surname was used by the proprietors to characterize 
their porcelain products, hence the name ÒA-marked groupÓ. Based on these arguments, 
there are now reasonable grounds to believe that these remarkably sophisticated porcelain 
wares may represent the earliest quality porcelains to have been made in Britain. 

THE HEYLYN AND FRYE PATENT OF 1744 

The first document pertaining to the ceramic activities of Edward Heylyn (a merchant 
from Bow Parish in Middlesex County) and Thomas Frye (a painter from West Ham 
Parish in Essex County) (Her MajestyÕs Stationery Office, 1856), which led to the 
establishment of the Bow porcelain factory, or New Canton, was a sworn deposition 
dated October 8, 1744 (Public Records Office, SP 36/64) with the original signatures of 
both parties. The patent application was filed on December 6, 1744, and the actual 
specifications of the patent were subsequently handed in to the Petty Bag Office on April 
5, 1745 (inrolled), with one day to spare and awarded sealed protection. The following is 
a passage from the patent application: 

 

 



...we had, at a considerable expence of time and money in trying 
experiments, applyed ourselves to find out a method for the improvement 
of the English earthenware, and had at last invented and brought to 
perfection A NEW METHOD OF MANUFACTURING A CERTAIN 
MATERIAL, WHEREBY A WARE MIGHT BE MADE OF THE 
SAME NATURE OR KIND, AND EQUAL TO, IF NOT 
EXCEEDING IN GOODNESS AND BEAUTY, CHINA OR 
PORCELAIN WARE IMPORTED FROM ABROAD 

Debate has occurred over the meaning of the wording in this portion of the patent. Tait 
(1959, 1963) believes that the objective of the patent was to manufacture a material, 
which could ultimately be used for making porcelain. This view is reinforced by Tait 
(1965:43), where he states that the choice of wording in the 1744 patent reveals that 
neither Frye nor Heylyn was yet able to make porcelain wares. He also notes that the 
invention patented is not for the manufacture of porcelain wares, but only for producing 
the material for that purpose. Yet Tait (1963:201) admits that Heylyn and Frye, at the 
time of ÒhastilyÓ seeking the patent, had not yet discovered how to make porcelain wares, 
Òat least not on a commercial scale.Ó TaitÕs admission that Heylyn and Frye may have 
been capable of making noncommercial scale porcelain wares by that date tends to negate 
his initial assertion that they were not actually making porcelain wares when the patent 
was signed. 

Watney (1973) has argued that the above wording in the patent suggests that the 
patentees may never actually have made porcelain at all. Watney (1973:9) states that ÒIt 
is practically certain that as described this ÔunakerÕ formula was unworkable, indeed it 
may have been patented merely as an attempt to monopolize the use of ÔunakerÕ while 
experiments were being made to discover the secrets of Chinese hardpaste porcelain as 
had already been done at Meissen.Ó Moreover, Watney (1973:10) interprets the above 
wording in the patent to suggest a degree of urgency, as if only preliminary experiments 
had been made with the material (unaker) for making porcelain. This sense of urgency 
can be traced back to Tait (1963:200), where he refers to the, Òrather premature first 
patent.Ó Bradshaw (1992:15), states that the lack of more precise measurements in the 
patent suggests that the mix was experimental. This alleged lack of precision in the 1744 
patent is because the wording of the patent as given by Bradshaw (1992:14) is so 
paraphrased and abbreviated that much, if not most, of the precise measurements have 
been excised. 

Of particular interest to our present study are the actual specifications and description of 
the porcelain manufacture contained in the Heylyn and Frye patent (Her MajestyÕs 
Stationery Office, 1856): 

 

 

 



ÒNOW KNOW YE, that we, the said Edward Heylyn and Thomas Frye, in 
pursuance of the said provisoe, contained in the said recited Letters Patent, 
do hereby describe and ascertain the nature of our said Invention, and the 
manner and of what material the same is to be performed, as herein-after is 
mentioned (that is to say):- 

The material is an earth, the produce of the Chirokee nation in America, 
called by the natives unaker, the propertys of which are as follows, 
videlicet, to be very fi xed, strongly resisting fi re and menstrua (dissolution) 
is extreamly white, tenacious, and glittering with mica. The manner of 
manufacturing the said material is as follows:- Take unaker, and by 
washing seperate the sand and mica from it, which is of no use; take pott 
ash, fern ash, pearl ash, kelp, or any other vegetable lixiviall salt, one part 
of sands, fl ints, pebbles, or any other stones of the vitrifying kind; one 
other part of these two principles form a glass in the usual manner of 
making glass, which when formed reduce to an impalpable powder. Then 
mix to one part of this powder two parts of the washed unaker, let them be 
well worked together until intimately mixed for one sort of ware; but you 
may vary the proportions of the unaker and the glass; videlicet, for some 
parts of porcelain you may use one half unaker and the other half glass, and 
so in different proportions, till you come to four unaker and one glass; after 
which knead it well together, and throw it on the wheel, cast it into moulds, 
or imprint it into utensills, ornaments, &c.; those vessells, ornaments, &c., 
that are thrown, should be afterwards turned on a lathe and burnished, it 
will then be in a situation to be put into the kiln and burned with wood, 
care being taken not to discolour the ware, otherwise the process will be 
much hurt. The fi rst burning is called biscuiting, which if it comes out very 
white, is ready to be painted blue, with lapis lazuli, lapis armenis, or 
zapher, which must be highly calcined and ground very fine. It is then to be 
dipt into the following glaze:- Take unaker forty pounds, of the above glass 
ten pounds, mix and calcine them in a reverberatory; then reduce, and to 
each pound when reduced add two pounds of the above glass, which must 
be ground fine in water, and left of a proper thickness for the ware to take 
up a suffi cient quantity. When the vessells, ornaments, &c, are dry, put 
them into the kiln in cases, burn them with a clean wood fi re, and when the 
glaze runs true lett out the fi re, and it is done, but must not be taken out of 
the kiln till it is thorough cold. 

In witness whereof, we, the said Edward Heylyn and Thomas Frye, have 
hereunto sett our hands and seals, this Fifth day of Apri l, in the year of our 
Lord One thousand seven hundred and forty-fi veÓ. 

Signed  EDWD (L.S.) HEYLYN 
THOS (L.S.) FRYE 
Sealed and delivered (being first duly stampt), in the presence of 
THO. SHERMAN. 
DAN. FENDEN. 
CHAS HEYLYN. 



We have made a number of observations and deductions based on the wording of the 
patent and our own experiments with the Cherokee clay. 

First, the mention of Cherokee clay or unaker is strongly suggestive of reasonable 
knowledge of the material. DeVorsey (1971) records that the term unaker is a Cherokee 
word for Òwhite,Ó and the deduction here is that Heylyn and Frye were acquainted with 
someone who had firsthand knowledge of both the Cherokee language and the clay itself. 
The description of glittering mica and sand (quartz), together with its tenacious habit and 
extreme white colour, all indicate a primary, residual clay derived from west of the Fall 
Line (Freestone, 1996; Ramsay et al., 2001: Figure 1). The parent rock to unaker might 
appear to be a coarse-grained granite or feldspar bearing pegmatite. Ramsay et al. (2001) 
have demonstrated that the parental rocks for this primary clay assemblage are a suite of 
essentially northeast-trending pegmatite intrusions and quartz veins that were 
syntectonically emplaced during the Acadian Orogeny (Miller et al., 1997). Again, the 
description suggests that both Heylyn and Frye had firsthand experience of this material 
and were not hastily filing a patent to stop other competitors, such as Andrew DuchŽ 
(Watney, 1973:10) from obtaining exclusive rights. We suggest that it was most unlikely 
that more than one ceramic group or factory in London had access to, and knowledge of, 
this exotic material. 

The patentees appear to have recognized that the raw materials used differed from those 
that would be expected in hard-paste porcelains of Chinese derivation. Hence, they 
correctly describe their recipe as a new method. The patent is quite precise about the 
proportions of the various components required to make both the body and the glaze. It is 
this detail that suggests to us the veracity of the patent. We disagree with numerous 
unsubstantiated claims that the recipe was unworkable or merely experimental. The 
making of the glass appears to have resulted in an amorphous product with fluctuating 
levels of K, Na, and Ca. As will be discussed below, it is suspected that the glass used 
was in fact secondhand alkali-lime glass cullet, which at times contained small amounts 
of lead glass contamination. This variation in glass composition required the same 
compositional glass in both the body and glaze for individual items. Consequently, it is 
postulated that both the kiln used and the number of items fired in any one episode may 
have been small. 

It is probable that both Thomas Frye and Edward Heylyn were correct in claiming that 
they had expended considerable time and money carrying out experimental work with 
unaker clay in an effort to come up with both the materials and the associated ceramic 
wares. The authors accept that considerable time may have been spent in 
experimentation, thus giving verisimilitude to Heylyn and FryeÕs assertion that, in their 
opinion, wares made from such porcelain material were Ò...of the same nature or kind, 
and equal to, if not exceeding in goodness and beauty, china or porcelain ware imported 
from abroad.Ó We note that there is now good circumstantial evidence (Ramsay et al., in 
press) that this experimentation may have benefited from knowledge gained from prior 
kiln firings by Andrew DuchŽ in Savannah during the late 1730s and very early 1740s. 
Moreover, we suspect that much of Heylyn and FryeÕs experimentation was directed at 
perfecting the glaze rather than the porcellaneous body. 



The words, Ò...whereby a ware might be made...,Ó do not necessarily preclude Heylyn and 
Frye from having made porcelain wares by December 1744 (Tait, 1959). We suggest that 
the patented invention clearly applies to the manufactured wares themselves and not 
merely to a porcellaneous material. The patentees claim that this would save the kingdom 
considerable money through import substitution and would facilitate the employment of 
large numbers of men, women, and children. 

Moreover, the patent is quite specific about the potting processes associated with the 
making of Òvessells, ornaments, &c.Ó Heylyn and Frye record throwing items on the 
wheel and casting into moulds. Because of the negligible plasticity of the material, as 
demonstrated through our experiments and deduced by others, the patent specifically 
required those items thrown on a wheel to be turned on a lathe and burnished. The 
purified unaker clay used in our experiments was rather ÒshortÓ (of low plasticity) and 
difficult to throw on the potterÕs wheel. As the bulk of the clay mineral component is a 
halloysite, this is not unexpected. No mention is made in the patent of any additives to the 
recipe mix to increase plasticity. We suspect that an additional agent in the form of soap, 
gum water, or a small percentage of a highly plastic ball clay, such as is known to occur 
within the Broadstone Sequence of the lowerÑ mid-Eocene Wareham Basin, may have 
been added if required. Alternatively, the 18th-century extraction of the unaker may have 
occurred at higher levels in the mine, where more intense surface-weathering processes 
would have produced a more plastic variety of the clay. 

Because of the negligible plasticity shown by the halloysite/kaoliniteÐglass mixture, the 
patentees adapted their potting practices to favour slip-casting, a technique highly 
characteristic of AMG wares. This potting technique was known to the Staffordshire and 
London redware potters, such as the Elers brothers, dating back to the late 17th century. 
In contrast, because of the more plastic nature of the paste used in the later 1749 Frye 
patent, Bow phosphatic wares are typically characterized by throwing and press-
moulding techniques rather than slip-casting. 

The patent records the need to wash the unaker clay to remove both the sand and mica, 
but no mention is made of crushing and grinding of the tenacious clay. Our results 
demonstrate that the coherent or tenacious nature of the clay, as noted by Heylyn and 
Frye, requires moderate grinding to increase the percentage of clay liberation. Without 
light grinding, only about 15% clay liberation was achieved, thus making the use of bulk 
unaker uneconomical. However, this moderate grinding has inherent problems because of 
the presence of fine biotite in the clay. Grinding comminutes this coloured mica, and 
makes it extremely hard to remove during levigation. It is this biotite, and possibly the 
decomposition products of garnet, including chlorite (Bayley, 1925), that gives the fired 
ceramic wares objectionable brown and black spots. 

In our reconstruction of the wares, it was found that plasticity could be improved by 
moderate ball milling of the body prior to throwing. As the patent states that the glass is 
reduced to Òan impalpable powder,Ó it is probable that the use of a ball mill or some 
grinding method was well known to Heylyn and Frye. For example, Adams and Redstone 
(1981:48) note that at the New Canton site, insurance records for July 7, 1749, record a 



Òworkhouse and millhouse under one roof/timber/situate west not exceeding three 
hundred pounds.Ó The working properties of the unmilled body are quite suitable for 
commercial forming by casting or moulding, and the example manufactured for this 
article was press-moulded by hand. The patent states that items may be turned and 
burnished on a lathe after being thrown on the wheel, thereby improving the surface 
finish. This indicates that, during the throwing process, an acceptable surface finish could 
not always be achieved and it was necessary to smooth the surface at the leatherhard 
stage. This is consistent with the behaviour of the test pieces. When sufficient water was 
added to provide the needed plasticity for wheel throwing, the surface became sticky to 
the extent that tools, including the potterÕs hand, left a raised irregular surface when 
withdrawn from the piece. Again, the conclusion we come to is that we are dealing with a 
practical working patent that broadly describes the process by which wares were formed, 
not merely a material. 

According to the patent, once an acceptable surface was achieved the pieces would Òbe in 
a situation to be put into the kiln and burned with wood, care being taken not to discolour 
the ware, otherwise the process will be much hurt.Ó Here, we infer that the bisque firing 
was at a lower temperature than the final peak firing temperature, say between 900¡C and 
1,000¡C, so as to provide sufficient physical strength to withstand the rigors of the 
glazing process and decoration. Moreover, we deduce that this firing occurred in an 
oxidizing atmosphere, thus restricting discoloration. 

The patent reports that only those wares that emerge Òvery whiteÓ are suitable for 
underglaze blue decoration. The patent description suggests the possibility that porcelain 
items with underglaze blue decoration were produced and have not yet been recognized. 
It is also possible that the underglaze blue, when used for extensive decoration in a 
production context, tended to ÒbleedÓ excessively into the glaze and was therefore 
abandoned in preference of overglaze enamel decoration. Due to the compositional 
variations in the raw materials and vagaries of the firing process, bleeding would be 
exacerbated by variations in the glaze viscosity at high temperatures. The relative 
porosity of the wares would also vary after bisque firing, as wares placed in areas of the 
kiln subject to differing thermal conditions are vitrified to greater or lesser extents. This 
variability among the bisque-fired wares affects the takeup of glaze during application 
and the production of crisp delineation of the applied decoration. On-glaze enamel 
decoration involves the painting of the fired glaze surface with low-temperature enamel 
pigments and a further firing, generally to the order of 650¡C, to set the pigment. In any 
experimental firings, underglaze blue decoration is likely to represent a simpler method 
of painting with which to test the overall viability of the firing process. Although no 
underglaze blue articles conforming to the 1744 patent have been recognized to date, we 
note that a number of AMG items do exhibit an ÒAÓ in blue, probably underglaze. 

In two places, the patent clearly sets out kiln-firing problems, which Heylyn and Frye 
could not have been aware of had they not been actively firing porcelain as described in 
the patent (Watney 1973:9). The first problem concerns the need to fire the kiln in 
oxidation, Ò...with a clean woodfire...,Ó as in a reduced atmosphere the ware would be 
discoloured and the process would be, Òmuch hurt.Ó The patentÕs emphasis on the words 



Òvery whiteÓ is a clear reference to one of the features that Heylyn and Frye were seeking 
in their porcelain Òexceeding in goodness and beauty.Ó This reference to Òvery whiteÓ 
strongly suggests the need for oxidizing kiln conditions in the manufacture of 1744 patent 
wares. The second problem was to determine the exact temperature at which the ceramic 
body was mature. If the kiln was not hot enough, underfiring would have been a problem, 
and the glaze firing would be unsuccessful. Conversely, excessively high temperatures 
would have caused the wares to become pyro-plastic and distorted. Heylyn and FryeÕs 
solution to this second problem is contained in the wording of the patent, where it states 
(Her MajestyÕs Stationery Office, 1856): 

It is then to be dipt into the following glaze:- Take unaker forty pounds, of 
the above glass ten pounds, mix and calcine them in a reverberatory; then 
reduce, and to each pound when reduced add two pounds of the above 
glass.... 

Here Heylyn and Frye have specified a glaze composed of the same raw materials used in 
the porcelain body, but with a greater glass:clay ratio. The use of the same raw materials 
in both body and glaze ensured that the relationship between the RO, R2O chemical 
group, and the R2O3, RO2 group remained relatively constant between batches and 
maturation temperatures could be estimated by the observable behaviour of the glaze 
Ò...with a clean woodfire, and when the glaze runs true lett out the fire....Ó We propose 
that, through experimentation, Heylyn and Frye had determined that once a glaze of this 
recipe appeared to run during kiln-firing, the ceramic body would have almost reached a 
pyroplastic state, regardless of unavoidable compositional variations. Although the patent 
itself uses the words, Òwhen the glaze runs,Ó an experienced kiln operator, by 
observation, would be able to predict this approaching stage once the glaze began to 
appear molten. 

In effect, Heylyn and Frye were using this phenomenon as a crude, but highly effective 
optical pyrometer. Determining the degree of heatwork required for the maturation of 
experimental ceramic production, especially for a transparent porcelain approaching 
pyroplasticity, which they had never experienced before, without the aid of modern 
thermal computations and measuring devices, presents an interesting problem. We 
propose that this was ingeniously solved by Heylyn and Frye demonstrating a 
considerable amount of experimentation, as claimed in the patent. For the secondÑ  or 
glaze-firingÑ phase, mention is made of the wares being contained in ÒcasesÓ (saggars), 
which protected the items from fly ash and reduced the detrimental effects of sudden 
short-term changes in either temperature or atmosphere within the kiln during stoking. 
Again, this suggests that Heylyn and Frye were actually firing wares. 

If it can be reasonably assumed that the wares shown to William Cookworthy in early 
1745 were the products of the 1744 Heylyn and Frye patent, (Ramsay et al., 2001:491), 
we note that the high-fired, nonlead glaze, and a body that appears to mimic a modified 
hard-paste composition, were the very features which Cookworthy praised in his letter to 
Richard Hingston in mid-1745. Cookworthy would have been well aware of soft-paste, 
glassy, French porcelains, but instead had devoted his life to discovering the secret of 
Chinese hard-paste wares. Likewise, Daniels (2003) noted that it may have been these 



very characteristic features of the AMG, which were referred to in the Vincennes 
Privilege, dated July 24, 1745 (Chaffers, 1906:912Ð913), Ò...en Angleterre dÕune 
manufacture de porcelaine qui paro”t plus belle que celle de Saxe, par la nature de sa 
composition...Ó (Òin England there is one manufacturer of porcelain whose style is more 
beautiful than that of Saxony [Miessen] by the nature of its compositionÓ). In fact, 
Daniels argues that if one accepts that AMG porcelains were being made in England by 
1744Ð1745, there was no other English factory at that time whose products were as 
compositionally similar to that described, in the context of Meissen, in the Privilege. 

RAW MATERIALS USED IN THE HEYLYN AND FRYE PATENT 

Cherokee Clay 

The clay (unaker) referred to in the 1744 patent commonly known as Cherokee clay has 
been traced to the Little Tennessee River catchment, north of Franklin, North Carolina 
(Ramsay et al., 2001). The most likely procurement site is either the Iotla Mine or the 
Franklin Kaolin and Mica Mine (Watts, 1913; Bayley, 1925) both located on the Lake 
Fontana 1:100,000 scale map; 35083-A1-TM-100, grid reference 2820, 39020. 

Analysis of the clay shows it to be composed of kaolinite group clays (~90% halloysite 
and ~10% kaolinite) with variable amounts of quartz, muscovite, biotite, and accessory 
minerals, including garnet, apatite, allanite, epidote, thulite, calcite, beryl, and columbite 
(Stuckey, 1965). Visual estimates suggest that the clay component, on average, may 
reach some 90% by volume. Secondary weathering products from garnet are reported to 
include chlorite and other micaceous products, which are typically stained reddish-brown. 
Clay samples for this study were collected from approximately 20Ð30 m below the 
original land surface on the hanging wall side of the deeply weathered parental pegmatite.  

Table I. Major, minor, and trace-element composition of purified kaolinite group clay 
(unaker), Iotla Mine, Macon County, North Carolina. 
______________________________________________________________________________________ 

Compound      wt % 
SiO2       46.43 
TiO2        bdl*  
Al2O3       38.60 
Fe2O3         bdl*  
MgO         0.14 
MnO         0.02 
CaO         0.02 
K2O         0.56 
Na2O         bdl*  
P2O5         0.21 
Loss on ignition     14.01 

______________________________________________________________________________ 
* Below detection level. 

 



In contrast, clay samples collected in the early 1740s would have been obtained much 
closer to the former land surface. These near-surface samples used in the 1744 patent 
wares may have had a higher kaolinite:halloysite ratio and a small, but significant illitic 
component as a result of near-surface wetting and drying. This may have improved the 
plasticity of the clay, making it more conducive to being thrown on a potterÕs wheel. A 
compositional analysis of purified Cherokee clay is given in Table I.  

Lime-Alkali Glass 

The specifications given for manufacture of the glass component (glass frit) used in the 
1744 patent are surprisingly vague and the wording, ÒForm a glass in the usual manner of 
making glass...,Ó seems to suggest that Heylyn and Frye assumed that this process was so 
well understood that little clarification or explanation was required. The patent states that 
Ò...pott ash, fern ash, pearl ash, kelp, or any other vegetable lixiviall salt...Ó was to be 
combined with Ò...sands, flints, pebbles, or any other stones of the vitrifying kind...Ó in 
order to form a glass. The use of the term lixiviall salt (ÒlyeÓ when in solution) when 
referring to the glass composition indicates a working knowledge of soap manufacture 
and an understanding of methodologies by which high concentrations of sodium may be 
obtained. We conclude that such vague specifications would have resulted in a glass 
composition with highly variable flux ratios (CaO, Na2O, and K2O). We also note that the 
use of lead glass or flint glass appears to have been specifically excluded. The use of this 
lime-alkali glass in the glaze resulted in a high-firing glaze, unlike the typical low-firing 
lead glazes used by most English factories during the mid eighteenth century. 

The mention of Òpott ashÓ presumably refers to a crude form of potassium carbonate 
obtained through lixiviating the ashes of terrestrial vegetables and evaporating the 
solution in large iron pans or pots (Little et al., 1968). When purified by calcination and 
recrystallization, the resultant salt was known as pearl-ashes or pearl-ash. The use of 
either Òpott ashÓ or pearl ash in the patent recipe adequately accounts for the presence of 
potassium in the glass. However, determining how adequate sodium levels were achieved 
has been problematic. Ash derived from kelp might contribute moderate quantities of 
potassium and sodium, but to our knowledge, other ashes mentioned in the patent, such 
as fern (Aquilinum sp.), have negligible sodium levels. Although not specified, the source 
of the CaO was most likely a form of limestone, while the MgO is assumed to be derived 
from partially dolomitized limestone or from vegetable and seaweed ashes. Regardless, it 
is clear that the glass does not contain lead-bearing or flint glass. 

METHODOLOGY 

The two components required to create analogues of the 1744 patent wares are Cherokee 
clay (unaker) and a lime-alkali glass frit. The clay was collected in January 2001 from the 
confluence of the Iotla Stream with the Little Tennessee River. It was lightly crushed by 
hand, and separated under water before being levigated. XRD analysis of the purified 
clay showed it to consist of halloysite (~90%) and kaolinite (~10%) with traces of very 
fine quartz and mica (both muscovite and biotite). The resultant purified clay was oven-
dried at 40¡C. 



Preparing the lime-alkali frit was somewhat difficult because of the vague specifications 
in the 1744 patent. A typical 18th-century crown glass or soda glass frit was made using 
commercial-grade pottery materials, as shown in Tables II and III. Loss-on-ignition 
factors, used to determine a recipe for a usable glass, were obtained by experimentation. 
This mixture was placed into a refractory ceramic crucible, and fired to Orton cone 9 at 
150¡C per hour (1279¡C equivalent). When cool, the glass was removed from the 
crucible and then reduced to a fine powder in a steel ring grinder. 

Table II. Weight % of the glass frit used in reproduced ceramic body. 

___________________________________________________________________ 
           wt % 

SiO2       74.1 
MgO         2.4 
CaO       10.4 
Na2O         8.3 
K2O         4.8 

           100.0 

_________________________________________________________________________ 

Table III. Materials used in frit manufacture. 

______________________________________________________________________________________________________ 

wt % 
Potassium carbonate     7.0 
Sodium carbonate              11.8 
Calcium carbonate              15.4 
Magnesium carbonate               4.2* 
Silica                61.6 

____________________________________________________________________ 
* An alternative source of MgO is plant ash. 

Dry, powdered glass frit and unaker clay were mixed in a 1:1 ratio, and enough water 
was added to bring the body to a workable consistency. The question of whether either of 
the components was wet when combined by Heylyn and Frye is worth considering, in 
light of the range of mixing ratios mentioned in the patent. Potters mature, or Òage,Ó clay 
by storing it for extended periods of time in a wet, or workable, condition. During the 
aging process, bacteria in the clay multiply to the point where the clay becomes distinctly 
discoloured. The action of these bacteria on the clay dramatically improves workability. 
Given this, it is highly probable that the clay was wet (in a plastic state) when the frit was 
added, increasing the weight (by the quantity of water) of the clay. Consequently, the 
clay-to-frit ratio used in this study was higher than 1:1. The initial moisture content of the 
frit is of little consequence, as it takes very little water to wet a non-absorbent material. 
To partially replicate the effect of aging two percent of bentonite, a plastic clay, was 
added to the body. The composition of our analogue body porcelain is compared to the 
average composition of four analyses of ÒAÓ-marked wares in Table IV. 



 

 

A glaze was produced by combining the aforementioned clay and frit in the manner and 
proportions described in the patent (Her MajestyÕs Stationery Office, 1856):  

Take unaker forty pounds, of the above glass ten pounds, mix and calcine 
them in a reverberatory; then reduce, and to each pound when reduced 
add two pounds of the above glass, which must be ground fine in water 
(Òball milledÓ), and left of a proper thickness for the ware to take up a 
suffi cient quantity. 

The bisque-fired samples were dipped in the glaze until a 0.75 mm thick coating was 
obtained. It was found that the bisque wares took up the required quantity of glaze after 5 
seconds of immersion in a mixture with a viscosity resembling thickened cream. The 
glaze adhered well to the sample and showed no signs of cracking or flaking during 
drying. 

FIRING CONDITIONS 

The test pieces were fired in a manually controlled Tetlow electric kiln for both bisque 
and glaze firings. Observations and temperature readings were recorded half-hourly 
during the firing. A number of high-temperature firebricks were placed into the kiln 
around the test pieces to provide a thermal mass, which allowed the heating and, more 
importantly, the cooling to replicate closely the conditions of a wood-fired kiln. While it 
is true a wood-fired kiln was used for the original wares, we believe that the patentÕs 
insistence on a neutral to oxidizing atmosphere (as deduced by reference in the patent to 
the need to produce very white wares) during the firing indicates that our use of an 
electric kiln for the reproduction of the ceramics is appropriate. 

Bisque firings were conducted at a heating rate of 150¡C per hour to 950¡C, at which 
point the kiln was turned off and allowed to cool naturally to ambient temperature prior 
to removal of the wares. After glazing, the wares were put back in the kiln and fired at 
150¡C per hour to Orton cone 9 (90¡ deflection). The temperature equivalent for an Orton 
cone under these conditions is 1279¡C. Orton cones, which deflect due to sintering, are 
designed to provide a visualization of the effects of time and temperature (heatwork) 
during firing. While it is common to refer to the temperature in a kiln at a given time, this 
is not necessarily a reliable indicator of the degree of vitrification of the wares at that 
point. 

RESULTANT PORCELAIN MATERIAL (BISQUE AND GLAZED) 

Once bisque-fired, the body displayed considerable physical strength, despite the 
retention of porosity, which facilitated the glazing process. At this stage, the body was 
opaque white with occasional dark brown to black iron spotting, caused by remnant 
biotite. 



 

 

Table IV. Average A-marked porcelain and analogue 1744 patent compositions. 

___________________________________________________________________________________________________________  

A    B 
    ________________________ 

wt %   Std Dev  (wt %) 
SiO2   64.9   2.3   64.3 
Al2O3   21.1   3.3   21.7 
MgO   1.3   0.1   1.7 
CaO   5.6   0.5   5.6 
Na2O   4.5   0.3   4.1 
K2O   2.6   0.7   2.4 

____________________________________________________________________________________________________________ 

100.0     99.8 
 

SiO2/Al2O3 mol prop   5.22     5.03 
SiO2/CaO mol prop   10.81     10.71 
______________________________________________________________________________ 
A. Average ÒAÓ-marked composition derived from samples 1, 2, 3, and 4 with standard deviation 
(Ramsay et al., 2003). 
B. Analogue 1744 patent porcelain composition, this paper. 

The finished glazed wares were 1.5 mm thick and extremely translucent, with a soft, ice-
green hue covered by a clear transparent glaze which displayed slightly coarse crazing 
(Figure 1). This type of crazing is caused by stress within the glaze which results from 
differential thermal expansion between the glaze and body. The small degree of crazing 
shown on the test cups is consistent with expectations, and is likely to be the result of a 
higher cooling rate than that experienced by Heylyn and Frye. Though the thermal mass 
of the electric kiln was increased by the inclusion of heavy firebricks, personal 
experience indicates that electric kilns cool to ambient temperatures a minimum of 18 
hours sooner than comparable wood-fired kilns. 



 
Figure 1. Glazed white porcelain cups, press-moulded, and fi red using Cherokee clay and lime-
alkali glass fri t. Height of larger cup 5 cm. 

Post-firing XRD analysis has shown that the body is composed of remnant quartz traces 
in a matrix of glass and anorthite plagioclase (An85–100) produced during firing. The 
bulk chemistry of the fired wares (Table IV) is well within the range of the known 
chemical composition of the ÒAÓ-marked wares. In thin section, the porcelain body 
comprises abundant fine, acicular calcium plagioclase crystallites contained in a clear, 
colourless glass with an index of refraction (RI) less than that of Ca-plagioclase (Figure 
2). In addition, the body is interspersed with amorphous blebs of very light brown to 
pinkish glass, whose RI is also _ Ca-plagioclase. These glassy blebs, which are assumed 
to represent the initial glass frit, are invariably surrounded by a fine reaction corona of 
what appears to be ultra-fine plagioclase. Where samples have cooled more quickly, the 
plagioclase assumes various quench-textured morphologies, ranging from plumose to 
swallow-tail forms. Very minor quartz remnants, which escaped the initial separation 
process, are also present. 



 
Figure 2. Photomicrograph of the porcelain body showing abundant Ca-plagioclase crystallites 
(P) set in a colourless glassy matrix (G1). In addition, shown are irregular blebs of a slightly 
darker glass, representing relic fri t (G2), with an associated reaction corona of plagioclase. Plain 
light _ 400. 

DISCUSSION 

Sample Preparation and Kiln Conditions 

The degree of descriptive detail in the 1744 patent strongly indicates extensive 
knowledge of, and practical experience with, the materials used. It is only during the last 
decade that the availability of desktop computers and ceramic calculation software has 
allowed potters to utilize supplier-provided analyses of raw materials. This, combined 
with the assistance of thermocouples and oxyprobes during firing, has greatly simplified 
the development of both bodies and glazes. Because none of these techniques were 
available to Heylyn and Frye, it is worth considering some of the difficulties they were 
likely to have experienced during the development of their wares. 

The Heylyn and Frye patent represents the earliest recorded English attempt to combine a 
material high in alkaline fluxing material with primary kaolinite clay to produce a 
translucent ceramic body. Though the concept may have been understood from reports 
carried back from porcelain-production centres in China, the apparent lack of suitable 
feldspathic materials in England caused Heylyn and Frye to turn to other industries with 
an understanding of vitrification. It could be argued that it was inevitable that attempts to 
replicate Chinese porcelains would employ the assistance of the established glass 



industry. Given the patentÕs vague description of the frit composition, it is possible that 
the patentees incorporated a glass cullet rather than a purpose-made glass in their initial 
pasteÑ a decision made in order to save time and money. Even with the benefit of cullet, 
a considerable number of experimental firings would be required before a working recipe 
was established. 

Oxygen-probe monitoring of the atmosphere in a modern wood-fired kiln has shown that, 
even when extreme care is taken, there is a reduction period after each addition of fuel 
when there is insufficient oxygen for complete combustion. If the degree of reduction is 
sufficient, two events occur, which will spoil the wares unless counteracted. Incomplete 
combustion produces black carbon particles, which can settle on, and in more extreme 
cases, become embedded in the surface of the glaze, causing significant discoloration. As 
mentioned previously, it was found that a degree of grinding was necessary to liberate 
economical quantities of clay-sized particles from the unaker clay. This grinding reduces 
a small quantity of the biotite present in the raw clay to a size that it is difficult to remove 
during levigation. This biotite imparts an unpleasant hue to the wares if care is not taken 
during the firing. The need for oxygen during combustion can be so great that oxygen 
molecules from iron oxides in the body and glaze are consumed, thus altering it to a 
chemically reduced state. In a simplified model, some of the ferric iron (Fe2O3) loses a 
full oxygen molecule and is reduced to ferrous iron (FeO), and some will lose half a 
molecule of oxygen to become Fe3O4. The various states of iron have distinctive colours 
that range from black (in the case of reduced iron) through brown or light honey-coloured 
when fully oxidized. Consequently, if any finely dispersed iron in the body remained in 
the reduced form, it would impart an unpleasant grey to brown hue (depending on the 
degree of reduction) to the finished product, thus dramatically reducing translucency and 
causing the ware to Òbe much hurt.Ó Furthermore, any reduction during the firing process 
decreases the extent to which FeO (black) present in the biotite may oxidize, hence 
lightening the colour. Thus, the moderately sized biotite platelets present in the unaker 
clay produce black to brown spotting. 

HISTORICAL SIGNIFICANCE OF THE 1744 HEYLYN AND FRYE PATENT 

For many years, the importance of the 1744 patent of Heylyn and Frye has tended to be 
overlooked or underestimated. The general view has been that, at best, the patent yielded 
only experimental porcelain materials. At worst, the patent was considered a hasty 
attempt to block potential competitors with little intention of producing porcelain wares. 
These views apparently discounted the patentÕs explicit directions for porcelain 
production and the clear description of the necessary use of Ò...an earth, the produce of 
the Chirokee Nation.Ó A notable exception to this scepticism is Hurlbutt (1926:25, 35), 
who predicted nearly 80 years ago what type of porcelain wares would be produced by 
the 1744 patent. He recognized that any porcelain made according to this patent would 
comprise a glassy frit mixed with china clay imported from America, with china stone or 
feldspar absent. 

 



The fired analogue wares show many similarities with the AMG porcelains. Freestone 
(1996) has demonstrated that the porcelain body of an ÒAÓ-marked cup comprises Ca-
plagioclase and two glass phases, one of which he suggests represents the original glass 
frit. In addition, the high Al2O3, prominent CaO, and negligible TiO2 levels in the body of 
our analogue wares are consistent with chemical analyses of the AMG (Table IV). Glaze 
compositions also show close chemical similarities (Ramsay et al., 2003). The one 
feature that separates the AMG from all other English porcelains of that period is the use 
of a lime-alkali frit and kaolinitic clay, with a glaze composed of the same materials as 
the body, but with a larger proportion of fusible glassy frit to ensure that it fluxed at a 
lower temperature. 

In 1959, a major exhibition of Bow porcelain was held by the British Museum (Tait, 
1959). A number of publications on this exhibition (Tait, 1960, 1963, 1965) have 
contributed considerably to the knowledge of Bow porcelain and the chronology of the 
various second patent wares. In addition, these publications have emphasised the role that 
the proprietors of that concern played in developing the fledgling English porcelain 
industry and the tradition of English bone china production. However, it is appropriate to 
comment on these earlier ideas in light of our results. Tait (1959:8) correctly observes 
that one of the major unsolved problems at that time was to identify what kind of 
porcelain, if any, was produced between 1744 and 1750. Moreover, Tait (1963:195) 
suggests that the impression is Òthat the Bow manufactory was far more British, far more 
free from foreign influences and dominance, than either the Chelsea or Derby factories 
and, in many ways, the most original and individual of all the seven English china 
factories that burst into life in the seven years between 1745Ð52.Ó Tait (1963:195) also 
notes that Frye was the genius who discovered the secret of making porcelain, while 
Alderman George Arnold was the businessman, whose financial backing and faith in 
Frye made this pioneer venture possible. 

With respect to the identification of the porcelain produced during these initial years, 
Ramsay et al. (2001, 2003) have proposed that the ÒAÓ-marked wares are the products of 
the 1744 patent. Consequently, it is suggested that the AMG may be among the earliest, if 
not the earliest, English porcelain wares. Ramsay et al. (2001) support the contention that 
the Savannah potter, Andrew DuchŽ, was the first to recognize the ceramic potential of 
unaker or Cherokee clay and the first to export this clay to England (Tait, 1959). 
Moreover, they question as to what degree DuchŽ contributed to the technology and 
recipe of the 1744 patent. More recently, Ramsay et al. (in press) review the contribution 
of colonial America to the fledgling English porcelain industry. They note that, to date, 
the biggest single impediment to the recognition of Andrew DuchŽÕs rightful place in 
ceramic history has been the apparent absence of porcelain wares that could reasonably 
be attributed to him. Ramsay et al. (in press) contend that with the attribution of the AMG 
porcelains to the 1744 patent, this impediment may now be removed. 

While inferences about DuchŽÕs recipe are beyond the objectives of this paper, what can 
be demonstrated is that the 1744 patent is, in fact, a working recipe. Although the 1744 
patent is vague about the materials and proportions used in making the glass frit and 
omits mention of the possible addition of a plasticity agent, we conclude that 



porcellaneous wares could have been made based on the patent specifications. Moreover, 
there is remarkable congruity between the chemistry and mineralogy of our analogue 
1744 patent wares and that found in the AMG porcelains. We reiterate that whoever was 
making the AMG porcelains was using the Heylyn and Frye patent of 1744. From this 
observation, we affirm that the simplest and most reasonable conclusion is that Heylyn 
and Frye were responsible for the production of AMG porcelains in East London, 
beginning in 1743 (Daniels, 2003). 

CONCLUSIONS 

Based on our firing of ceramic wares using the directions in the Heylyn and Frye patent, 
a number of conclusions and observations may be made. In the case of general kiln 
conditions, we make the following conclusions: 

1 Oxidizing conditions would have been required for both the initial low-
temperature bisque firing and subsequent high-temperature glaze firing. 

2 The final temperature required to mature and sinter the porcelain body to the point 
of acceptable translucency was equivalent to a heat-work level of Orton cone 9 at 
150¡C per hour (1279¡C). 

3 Heylyn and Frye visually estimated the final temperature by making a clay-frit 
glaze and using it as a crude optical pyrometer. 

4 Peak kiln temperatures could have been below our final measured temperature 
had Heylyn and Frye maintained slightly lower temperatures over a longer period 
of time. 

The wording of the patent suggests that the patentees had considerable first-hand 
experience with unaker clay. Thus, we deduce that the patentees were introduced to the 
clay by someone who had knowledge of the Middle Cherokee language and the practical 
expertise to recognize the ceramic potential of such clay. Andrew DuchŽ is known to 
have been exploring the southern Appalachians in search of mines by the spring of 1741 
(Ramsay et al., 2001). The patent emphasizes the need to produce very white wares and 
to estimate correctly the temperature associated with the final high temperature firing. 
The degree of granularity in some of our analogue 1744 patent wares is directly related to 
the degree of grinding of the clay-frit mix. Although our analogue paste has negligible 
plasticity, we do not accept previous assertions that the recipe was unworkable. Heylyn 
and Frye likely avoided this problem, either by the plasticity of the original clay or the 
addition of a plasticity-enhancing agent or by the extensive use of slip-casting techniques, 
a feature highly characteristic of the AMG. 

A number of key features from our work link the 1744 patent with the AMG. First, as 
documented by Ramsay et al. (2003), the unique body and glaze chemistry of ÒAÓ-
marked wares closely approximates the theoretical compositions calculated from the 
1744 patent using variable proportions of unaker clay to glass frit. Second, the 
mineralogy of our analogue 1744 patent porcelain shows remarkable similarity with that 
described by Freestone (1996) for an ÒAÓ-marked teacup; namely the presence of calcic 
plagioclase associated with two different glass phases and the absence of any significant 



amount of milled quartz or flint. One of these glass phases likely represents the original 
remnant frit, while the second reflects the quenched-melt phase. The inevitable 
conclusion is that the products of the 1744 patent and the AMG are one and the same. 
Based on the considerable degree of detail in the patent, we see no reason to doubt 
Heylyn and FryeÕs claim to have expended considerable time and money in 
experimentation. We also suspect that this experimentation was primarily directed at 
finding a suitable method of glazing the porcelain. Moreover, it is apparent that Heylyn 
and Frye must have been actively firing such wares in order to have been aware of the 
various kiln problems that they document in the patent. We also surmise, by virtue of 
comparison with the AMG, that porcelains of remarkable sophistication could have been 
produced based on the 1744 patent. Finally, we note that the role of colonial America in 
the nascent English porcelain industry has not been given sufficient recognition. Current 
research suggests that it was not so much Thomas FryeÕs Ògenius,Ó but rather the 
entrepreneurial drive and technical knowledge of Andrew DuchŽ that formed the 
technological base for porcelain production based on the 1744 patent. 

For over 100 years, there has been a general tendency to underestimate the significance 
of the 1744 patent. It might appear that the unsubstantiated assertion by William Burton 
(1902) and quoted by Honey (1977:82), Òon technical grounds, that a paste so made 
would lack plasticity and that little, if any, porcelain could have been made under this 
patent,Ó has exerted an undue influence on many early Bow wares researchers. The 
results from our work indicate that the Heylyn and Frye patent of 1744 represents a 
remarkable landmark in English ceramic history. It is this genuine, working patent, 
perhaps more than any other document or event, that ushers in the frenetic period of 
porcelain manufacture, which, within a decade, saw the rise and development of over ten 
English porcelain concerns. 

ADDED NOTE 

At the Courtauld Institute on December 13, 2003, preliminary results were presented to 
members of the English Ceramic Circle. Comment was voiced at that meeting that 
ceramic kilns of the time would have been unable to achieve temperatures of ~1280¡C. 
We make the following points: 

1 In one sense, we agree with such comments in that commercial pottery kilns of 
the day may not have been able to achieve such temperatures. However, this does 
not preclude small, purpose-built, experimental kilns being constructed that could 
achieve the necessary elevated temperatures. High temperatures, equivalent to our 
experimentally derived peak temperature, were obtained in the contemporary 
glass industry. An analysis of a 17th-century glass furnace (Brain, personal 
communication, February 2004) has indicated a flame temperature of about 
1450¡C and an inside skin temperature of about 1280¡C. We note the persistent 
stories of initial porcelain experiments being carried out in HeylynÕs glasshouse 
and LowdinÕs glasshouse. Moreover, temperature-soaking of the wares over a 
period of time could reduce our experimentally derived peak temperature. 



2 In another sense, such comments could be interpreted as possibly yet another 
attempt to underestimate the significance of the 1744 patent, as has been done for 
over 100 years. 

3 Finally, we note that it may possibly be of no consequence whether English 
potters of the 1730s and 1740s were able, or were unable, to achieve the necessary 
kiln temperatures (~1280¡C) derived experimentally from our work. As pointed 
out by Pat Daniels (personal communication, December 2003), Andrew DuchŽ 
twice reported (December 29, 1738, and March 16, 1739) that he was unable to 
produce fine white wares based on the model and pattern of the Chinese porcelain 
examples deduced to have been sent to him by the Countess of Egmont Òuntil he 
had built a kiln for that purpose, but till then they cannot be made.Ó By March 13, 
1740, that kiln had apparently been built. 
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visit to North Carolina by providing accommodation, information, and trips to see the 
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