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Re-Creation of the 1744 Heylyn and Frye Ceramic Patent Wares
Using Cherokee Clay: Implications for Raw Materials, Kiln
Conditions, and the Earliest English Porcelain Production

W.R.H. Ramsay’, G.R. Hill%, and E.G. Ramsay’

ABSTRACT

Porcelain wares have been produced following thedirectionscontained in the Heylyn and
Frye paent of 1744 usng Cherokee clay and alime-alkali glassfrit. The wares were
fired to the bisque(~ 950;0), glazed usng a clay-glass mixture, and then fired to a thest-
workOlevel of Orton cone9E90; deflection at 15GC per hour(1279;0. Modd
mineralogy comprises Caplagiodase and two glass pheses, onerélict frit and theother a
melt phase. Thebulk chemistry of the body comprises 64.3 wt % SIO2 21.7 wt % Al,Os,
and 5.6 wt % CaO. Molecular ratiosare SiO,:Al,03 5.0 and SiO,:Ca0 10.7. It is
condudeal tha the patent, whose significance has been questionad over many years, was
a practical working recipe, tha close comparison may be made with porcelains of the

QA Gmarked group,and tha the patent represents a remarkable landmerk in English
ceramic history.
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INTRODUCTION

Thearrival of hard-paste Chinese porcelainsinto Europeby the 14th century from the
East initiated congderable rivalry and competition within Europeto discover and GrendO
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. Thefirst
European hard-paste porcelain or Dresden Chinawas producd by 1710in Dresden unde
the paronaye of Augugusthe Strong In England, William Cookworthy is bdieved to
have manufactured experimental hard-paste porcelain in Bristol by 1765.Thefirst
recognized pieces of soft-paste porcelain are attributed to the Chdsea factory onthebasis
of several items of the Qriangle period,Owhich are indsed with a date of 1745 Adams
and Redgone(1981)suggest that the QpdmOfor the earliest English porcelain
manufacture probably goesto Chdsea. However, they note that thediscovery of a base of
aporcelain bow dated July 25 1746 at Newcastle-unde-Lyme (Bemrose, 1973)indicates
tha the provinces were nat far behind the ceramic advancesin London.

On December 6, 1744,Edward Heylyn and Thomes Frye filed a patent in London for the
manufacture of amaterial that would produce porcelain with qudity and beauty similar to
tha of imported Asiatic wares. Thomes Frye is generally credited with the discovery of
this method or secret, which is daed to 1744(Tait, 1959;Figure 1). However, significant
debae has ensued as to whether any porcelainswere actudly made accordingto this
paent and, if so, theidentity of such wares (Tait, 1959,1963 1965;Watney, 1973;
Freestong 1996) Themod recent contribution to this debae is by Ramsay et a. (2001,
2003) These authors suppot previousobsrvations(Charleston and Mallet, 1971,
Freestong 1996)tha a small group of enigmatic porcelainsof assumed English origin,
known as the CAGmarked group (AMG), has a compostion comparable to that of the
recipeas defined in the 1744 paent. They also concur with previoussuggestions(Lane,
1958)that the clay used in the manufacture of the AMG wares contained kaolin clay, and
propo that this clay was mog likely discovered no later than the spring of 1741in the
Little Tennessee River valley (lotlamineg), jug north of Franklin, North Carolina(Macon
County). It was this clay, known to the Middle Cherokee Indians as uneka (white), which
was to become oneof the component materialsin the 1744 paent. Theclay was likely
imported into Londonby May of 1743by Andrew DuchZ(Wells, 1957) The objective of
this study isto produce andoguel744paent porcelain usng Cherokee clay and alime-
alkali glass. Fromthis work, weintend to: (1) demongdrate whether the paent recipe was
capable of making porcellaneouswares; (2) deduce the generd kiln conditionstha would
have been required; (3) gan new indghts into thewording of the 1744paent and
potential kiln-firing problems tha might have been experienced by Heylyn and Frye; (4)
investigate similarities between the chemistry, mineralogy, and ceramic propertties of this
1744 ceramic andogueandthe AMG; and (5) illudrate the possible significance of the
1744 paent in English ceramic history.



THE “A”-MARKED WARES

To dae, the aforementioned AMG containsabout35* porcelain items (Mallet, 1994) The
recognition of this groupdates back to a1937English Ceramic Circle meeting, when a
QuriousteapotOand three cupswere displayed (Elliot, 1939. Thegroup,induding tea
cups teapots, cream jugs saucers, a snuff box,and alidded suga bow, is often
characterized by the presence of an O\, Oeither indised or written in undeglaze blue and
decorated with overglaze enamels or, uncommonly, left in thewhite. Lane (1958)noted
tha the porcelain body was harder than nomal for English porcelaing having a modified
conadhoidd fracture, and he suggested tha thebody was of a hybrid type containing some
kaolin clay. Lane (1958 and Charleston and Mallet (1971)both record tha the porcelain
bodyhas an amog icy greenish-blueto less common olive-green hueunde tranamitted
light

Thefactory attribution of the AMG has created condderable debae over thelast hdf
century with Young(19993) stating, Gmongthe earlier porcelainsonly therare G-
markedQwares still await an attribution OThefirst published attempt at an attribution was
by Lane (1958 when he suggested a Continental origin. A subsquent survey of the28
known and recognized pieces of this groupby Chaleston and Mallet (1971)strongly
suggested a British origin based on theknown source of each item, potting features, and
the enamelled decoration of the so-called Chigh-styleOgroup. This decorationis, in pat,
sourced to various engravingsby Hubet Franeois Gravelot, whois known to have been
working in England between 173283 and 1745(Charleston and Mallet, 1971) Such
scenes indudean CEnglishOtheme of the game of cricket (Charleston and Mallet, 1971;
Ramsay et al., in press) and othe works used to decorate the suppe rooms at theLondon
Vauxhdl Pleasure Gardens Charleston and Mallet (1971)suggest a Scottish (Gorgie), or
London(Vauxhdl) attribution, while at the same time speculating tha the ceramic
compostion of the 1744Heylyn and Frye paent (the subject of this pgoer) may have
shown some resemblance to tha of the AMG porcelains

Mallet (1994)suggests Gorgie, Stourbridge or Kentish Town as possible factory
attributonsfor the AMG. The Gorgie factory is bdieved to have opeated near
Edinburgh by Alexande Lind unde the paronage of the Duke of Argyll (Vapy, 1987,
Rock, 1999)beaween 1749and 1756(Y oung,199). Chinaprodudion has also been
recorded at Stourbridgebetween 1750and 1751, and JohnBoltonis believed to have
managed a conaern on behdf of William Kempson at Kentish Town from 1755to 1756
(Mallet, 1994;Young 1999. Asyet, no porcelains manufactured in these three factories

A previously unrecadedflutedcup, closely comparal e to that shown in Figure 1 (Ramsay et
al., 2003), but more dersely enamelledand with abrown rim wassold by Dreweatt Neag,
Newbury, October 9, 2002, lot 376. This increagsthe number recadedby Malletto 36. More
recerly, E. Manners hasadvisedthe authors that the number of recagnized O\Gmarked pieces
may now be ashigh as37, if not 38.



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

Freestone(1996)noted the close correspondeance between the chemical compostionsof
two AMG items and the 1744Heylyn and Frye paent. However, he appaently
discounted such an attribution, citing Charleston and Mallet (1971)as thereason. Ingead,
he appears to favour a possible Limehous or Pomonaattribution, while still notinga
correspondence with the 1744 paent. Limehous, located in east London,opeaated
between 1745and 1748andis particularly known for its undeglazed blue and white
wares, while the experimental Pomonaor Newcastle-unde-Lyme factory, runby William
Steers and later Joseph Wilson, is bdieved to have produced softpaste porcelains
Freestone(1996)suggested a time rangefor the AMG of the 1740sor early 1750s
presumably to incorporate the possibility of aLimehous or a Pomonaattribution. More
recently, Freestone(1999a 19991 condude tha the relationship between GAGmarked
wares and other produds of this peiod remains unclear, althoughhenoted the possible
use of theimported unaker clay specified in the 1744 patent, aswell as the patentd
compostiond similarity to the AMG wares.

Ramsay et al. (2001, 2003 have proposd several lines of evidence which suggest the
AMG was manufactured according to the1744Heylyn and Frye paent. These indude
thewording of the paent itself, the geology of North Carolina the historical records
pertaining to the Savannah potter, Andrew DuchZ, and Josah Wedgwood®agent,
Thomes Griffiths theidentification of Cherokee clay or unaker, and the chemical
compostion of AMG porcelains Ramsay et a. (2001, 2003)condudetha the AMG was
mog likely madein East Londonbeween 1744and 1745.Thefinandal backer of this
concern is assumed to have been Alderman George Arnold, and Ramsay et al. (2007
gpeculate that thefirst letter of his surname was used by the proprietorsto characterize
their porcelain produds, hence the name GA-marked groupOBased on these arguments,
there are now reasonable groundsto bdieve that these remarkably sophisticated porcelain
wares may represent the earliest qudity porcelainsto have been madein Britain.

THE HEYLYN AND FRYE PATENT OF 1744

Thefirst doaument pertaining to the ceramic activities of Edward Heylyn (a merchant
from Bow Parish in Middlesex County) and Thomes Frye (a painter from West Ham
Parish in Essex County) (Her Majesty@ Stationery Office, 1856) which led to the
establishment of the Bow porcelain factory, or New Canton, was a sworn depostion
dated Octobe 8, 1744 (Public Records Office, SP 36/64) with the origind signaures of
both parties. The paent application was filed on December 6, 1744 andthe actud
specificationsof the patent were subsequently handed in to the Petty Bag Office on April
5, 1745(inrolled), with oneday to spare and awarded sealed protection. Thefollowingis
a passage from the paent application:



...we had, ata considerable expence of timeand moneyin trying
experimerts, applyedourselvesto find out a mehod for the improvemert
of the English eathenware and had atlag invernted and brought to
perfecion 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

Debae has occurred over the meaning of the wording in this portion of the patent. Tait
(1959,1963 bdievestha the objective of the paent was to manufacture a material,
which could ultimately be used for making parcelain. This view isreinforced by Tait
(196543), where he states tha the choice of wording in the 1744 paent reveals tha
nether Frye nor Heylyn was yet able to make porcelain wares. He also notes tha the
invention patented is notfor the manufacture of parcelain wares, butonly for produdng
themateria for tha pumpos. Yet Tait (1963201) admits that Heylyn and Frye, at the
time of OhastilyOseeking the patent, had not yet discovered how to make porcelain wares,
Qi least noton acommercia scale.OTait@ admission that Heylyn and Frye may have
been capable of making nonmmmercia scale porcelain wares by tha date tendsto negate
hisinitial assertion that they were not actudly making porcelain wares when the patent
was signed.

Watney (1973)has argued tha theabovewordingin the paent suggests tha the
paentees may never actudly have made porcelain at al. Watney (19739) states that Ot
ispractically certain tha as described this Qineker&formula was unworkable, indeed it
may have been patented merely as an attempt to monopol ze the use of GinkerOwhile
expeiments were beng madeto discover the secrets of Chinese hardpeste porcelain as
had already been doneat Meissen.OMoreover, Watney (197310) interprets the above
wording in the patent to suggest a degree of urgency, asif only preliminary experiments
had been made with themateria (unaker) for making porcelain. This sense of urgency
can betraced back to Tait (1963200), where herefers to the Qather premature first
paent.OBradshaw (199215), states that thelack of more precise measurementsin the
paent suggests tha the mix was experimental. Thisaleged lack of precisoninthe1744
paent is because thewording of the patent as given by Bradshaw (199214)is so
paraphrased and abbreviated tha much, if not mog, of the precise measurements have
been excised.

Of particular interest to our present study are theactud specificationsand description of
the porcelain manufacture contained in the Heylyn and Frye paent (Her Majesty3
Stationey Office, 1856:



ONDW KNOW YE, that we, the said Edward Heylyn and ThomasFrye, in
pursuanceof the said provisoe, containedin the said recited LettersPaent,
do herely describe and ascertain the nature of our said Invention, and the
mamer and of what material the sameisto be performed, asheren-afteris
mertioned (thatisto say):-

The material is an earth, the produce of the Chirokeenation in America,
called by the nativesunaker, the propertys of which areasfollows,
videlicet, to be very fixed, strongly regsting fire and merstrua (dissolution)
is extreamly white, temacious, and glittering with mica The mamer of
marufacturing the said material is asfollows:- Take unaker, and by
washing seperak the sard and micafrom it, whichis of no use; take pott
ash, fernash, pearladh, kelp, or ary other vegetabelixiviall salt, one part
of sands, flints, petbles or any other stonesof the vitrifying kind; one
other part of these two principlesform a glass in the usual mamer of
making glass, which whenformedreduce to animpalpale powder. Then
mix to one part of this powdertwo parts of the washed unaker, letthembe
well workedtogether until intimately mixedfor 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 ard the other half glass, and
so in different proportions, till you come to four unaker and one glass; after
which kneadit well together, and throw it on the wheel, cag it into moulds,
or imprint it into utensills, ornamerts, &c.; those vessells, ornamerts, &c.,
thatarethrown, should be afterwards turned on alathe and burnished, it
will thenbe 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 first burning is called biscuiting, which if it comesout very
white, isready to be paintedblue, with lapgslazdi, lapisamerns, or
zarher, which must be highly calcinedard ground very fine. It isthento be
dipt into the following glaze: Take unaker forty pounds, of the above glass
tenpounds, mix and calcine them in areverberabry; thenreduce, and to
eachpound whenreducedadd two pounds of the above glass, which must
be ground fine in water, ard left of a proper thickness for the wareto take
up a suffi cient quartity. Whenthe vessells, ornamerts, &c, aredry, put
theminto the kiln in cases burn them with acleanwood fire, and whenthe
glazerunstrue lett out the fire, and it is done, but must not be takenout of
thekiln till it isthorough cold.

In withess whered, we, the said Edward Heylyn and ThomasFrye, have
hereuwnto sett our hands and seak, this Fifth day of April, in the year of our
Lord One thousard seven hundred ard forty-fiveO

Signed EDWD (L.S.) HEYLYN

THOS (L.S) FRYE

Sedled and ddivered (bangfirst duly stampt), in the presence of
THO. SHERMAN.

DAN. FENDEN.

CHASHEYLYN.



We have made a nunber of observationsand dedudionsbased on the wording of the
paent and our own experiments with the Cherokee clay.

First, themention of Cherokee clay or unaker is strongly suggestive of reasonable
knowledgeof thematerial. DeVorsey (1971)recordsthat theterm unaker is a Cherokee
word for Qvhite,Oand the dedudion here is tha Heylyn and Frye were acquanted with
someonewho had firsthand knowedgeof both the Cherokee languaye and the clay itself.
Thedescription of glittering micaand sand (quatz), togeher with its tenacioushabit and
extreme white colour, al indicate a primary, residual clay derived fromwest of the Fall
Line (Freestong 1996;Ramsay et al., 2001:Figure 1). Theparent rock to unaker might
appear to beacoase-grained granite or feldspar bearing pegmatite. Ramsay et al. (2001)
have demondrated tha the parental rocks for this primary clay assemblage are a suite of
essentially northeast-trending pegmetite intrusonsand quatz veinstha 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 DuchZ
(Watney, 197310) from obtaining exclusve rights. We suggest tha it was mog unlikely
tha more than oneceramic group or factory in Londonhad access to, and knowledgeof,
this exotic material.

The paentees appear to have recognized tha theraw materials used differed fromthose
tha would be expected in hard-paste porcelains of Chinese derivation. Hence, they
correctly describether recipe as anew method. The patent is quite precise aboutthe
propottionsof the variouscomponents required to make both thebodyand theglaze. It is
this detail that suggests to ustheveracity of the patent. We disagree with numerous
unsubgantiated claims tha the recipewas unworkable or merely experimental. The
making of theglass appears to have resulted in an amorphousprodud with fluctuaing
levels of K, Na, and Ca. Aswill bediscussed bdow, it is sugpected tha the glass used
was in fact secondhand alkali-lime glass cullet, which at times contained small amounts
of lead glass contaminaion. This variation in glass compostion required the same
compostiond glassin both the bodyand glaze for individud items. Consequently, itis
podulated tha both thekiln used and the number of items fired in any oneepisodemay
have been small.

It is probable tha both Thomes Frye and Edward Heylyn were correct in claiming tha
they had expended congderable time and money carrying out experimental work with
unaker clay in an effort to come up with both the materials and the assodated ceramic
wares. Theauthors accept tha consderable time may have been spentin
experimentation, thusgiving verisimilitudeto Heylyn and Frye assertion tha, in ther
opinion, wares madefrom such porcelain material were Q..of the same naure or kind,
and equd to, if notexceeding in goodnes and beauty, chinaor porcelain ware imported
from abroad. OWe note tha thereis now goodcircumstantial evidence (Ramsay et al., in
press) tha this experimentation may have benefited from knowledgegained from prior
kiln firingsby Andrew DuchZin Savannéh during the late 1730sand very early 1740s
Moreover, we sugpect that much of Heylyn and Frye@ experimentation was directed at
perfecting the glaze rather than the porcellaneousbody.



Thewords O..whereby aware mightbe made...,Odo not necessarily precludeHeylyn and
Frye from having made porcelain wares by December 1744 (Tait, 1959) We suggest that
the paented invention clearly applies to the manufactured wares themselves and not
merely to aporcellaneousmaterial. The patentees claim that this would save the kingdom
congderable money throughimport subgitution and would facilitate the employment of
large numbers of men, women, and children.

Moreover, the paentis quite specific aboutthe poting processes associated with the
making of Qvessells, ornaments, & c.OHeylyn and Frye record throwing items onthe
whedl and casting into moulds Because of the negligible plasticity of the material, as
demondrated throughour experiments and deduced by others, the patent specifically
required those items thrown on awhed to beturned onalatheand bumished. The
purified unaker clay used in our expeiments was rather GhortO(of low plagticity) and
difficult to throw onthe potter@ wheel. Asthebulk of theclay mineral componentisa
hdloydte, thisis notunexpected. No mention is madein the paent of any additives to the
recipe mix to increase plasticity. We sugpect tha an additiond agent in theform of soap,
gumwater, or asmall percentage of a highly plastic bdl clay, such asis known to occur
within the Broadgone Sequence of thelowerN mid-Eocene Wareham Basin, may have
been added if required. Alternaively, the 18th-century extraction of the unaker may have
occurred at highe levelsin themine where more intense surface-weathering processes
would have produeed amore plagtic variety of theclay.

Because of the negligible plagticity shown by the halloyste/kaoliniteBglass mixture, the
paentees adapted thar potting practices to favour dip-casting, a techniquehighly
characteristic of AMG wares. This potting techniquewas known to the Staffordshire and
Londonredware potters, such asthe Elers brothers, daing back to thelate 17th century.
In contrast, because of the more plastic nature of the paste used in thelater 1749Frye
paent, Bow phogphaic wares are typicaly characterized by throwing and press-
moulding techniques rather than dip-casting.

The paent recordsthe need to wash the unaker clay to remove both the sand and mica,
but no mentionis made of crushing and grinding of thetenaciousclay. Our results
demondrate that the cohaent or tenaciousnaure of the clay, as noted by Heylyn and
Frye, requires modeate grinding to increase the percentage of clay liberation. Without
lightgrinding, only about15%clay liberation was achieved, thusmaking the use of bulk
unaker unecononical. However, this modeaate grinding has inheent problems because of
the presence of finebiotite in the clay. Grinding comminutes this coloured mica, and
makes it extremely hard to remove during levigation. It is this biotite, and possibly the
decompostion produds of garnd, induding chlorite (Bayley, 1925, tha givesthefired
ceramic wares objectionable brown and black spots.

In our recondruction of thewares, it was foundtha plasticity could beimproved by
modeate bdl milling of thebodyprior to throwing. Asthe paent states that theglassis
reduced to Gain impa pable powder,Oit is probable tha the use of abdl mill or some
grinding methodwas well known to Heylyn and Frye. For example, Adams and Redgone
(198148) note tha at the New Canton site, insurance recordsfor July 7, 1749,record a



Qvorkhouse and millhouse unde oneroof/timber/situate west not exceeding three
hundied poundsOThe working propeties of theunmilled body are quite suitable for
commercia forming by casting or moulding, and the example manufactured for this
article was press-moulded by hand. The paent states that items may beturned and
bumished on alatheafter being thrown on thewhesdl, thereby improving the surface
finish. Thisindicates tha, during the throwing process, an acceptable surface finish could
not aways be achieved and it was necessary to smooth the surface at theleatherhard
stage Thisis condstent with thebehaviour of thetest pieces. When sufficient water was
added to providethe needed plasticity for wheal throwing, the surface became sticky to
the extent that tods, induding the potter® hand, | eft araised irregular surface when
withdrawn fromthe piece. Agan, thecondusonwe come to istha we are dedlingwith a
practical working paent tha broadly describes the process by which wares were formed,
not merely amaterial.

According to the patent, once an acceptable surface was achieved the pieces would (bein
astuaionto beputinto thekiln and burned with wood, care being taken notto discolour
theware, otherwise the process will bemuch hurt. OHere, we infer that the bisquefiring
was at alower temperature than thefind pesak firing temperature, say between 900;Cand
1,000;C, so asto providesufficient physcal strength to withgand therigors of the
glazing process and decoration. Moreover, we deduce tha this firing occurred in an
oxidizing atmogphee, thusrestricting discoloration.

The paent reports tha only those wares that emerge Grery whiteQare suitable for
undeglaze blue decoration. The paent description suggests the possibility tha porcelain
items with undeglaze blue decoration were produced and have not yet been recognized.
It isalso possible tha theundeglaze blue, when used for extensve decorationin a
produdion context, tended to (bleedOexcessively into the glaze and was therefore
abandonal in preference of overglaze enamel decoration. Dueto thecompostiond
variationsin theraw materials and vagaries of thefiring process, bleeding would be
exacerbaed by variationsin the glaze viscosity at high temperatures. Therelative
porosty of thewares would also vary after bisquefiring, as wares placed in areas of the
kiln subject to differing thermal conditionsare vitrified to greater or lesser extents. This
variability amongthebisquefired wares affects the takeup of glaze during application
and the produdion of crisp ddineation of the applied decoration. On-glaze enamel
decoration involves the painting of thefired glaze surface with low-temperature enamel
pigments and a further firing, generally to theorde of 650;C, to set the pigment. In any
expeimental firings undeglaze bluedecorationislikely to represent a smpler method
of painting with which to test theoverall viability of thefiring process. Althoughno
undeglaze blue articles conforming to the 1744paent have been recognized to dae, we
note tha anumbe of AMG items do exhibit an GAQin blue, probably undeglaze.

In two places, the paent clearly sets outkiln-firing problems, which Heylyn and Frye
could not have been aware of had they notbeen actively firing porcelain as described in
the paent (Watney 19739). Thefirst problem concernstheneed to fire thekilnin
oxidation, Q..with a clean woodire...,Oas in a reduced atmosphere the ware would be
discoloured and the process would be, Gnuch hurt.OThe paent@ emphasis on thewords



Qrvery whiteOis a clear reference to oneof thefeatures that Heylyn and Frye were seeking
in thar porcelain Gexceeding in goodneas and beauty.OThis reference to Qrery whiteO
strondy suggests the need for oxidizing kiln condtionsin the manufacture of 1744paent
wares. The second problem was to determinethe exact temperature at which the ceramic
bodywas mature. If thekiln was not hotenough,undefiringwould have been a problem,
and the glaze firing would be unauccessful. Conveasely, excessively high temperatures
would have caused the wares to become pyro-plastic and distorted. Heylyn and Frye®
solution to this second problem is contained in thewording of the paent, where it states
(Her Majesty@® Stationay Office, 1856)

It isthento be dipt into the following glaze:- Take unaker forty pounds, of
the above glass ten pounds, mix and calcine themin areverberatory; then
reduce, and to each pound whenreducedadd two pounds of the above
glass....

Here Heylyn and Frye have specified a glaze composed of the same raw materials used in
theporcelain body, butwith a greater glass.clay ratio. The use of the same raw materials
in both bodyand glaze ensured tha the relationship between the RO, R,O chemical
group, and the R,O3, RO, groupremained relatively congant between baches and
maturation temperatures could be estimated by the observable behaviour of the glaze
Q..with a clean woodire, and when theglaze runstruelett out thefire....OWe propos
tha, throughexperimentation, Heylyn and Frye had determined tha once a glaze of this
recipe appeared to runduring kiln-firing, the ceramic bodywould have almog reached a
pyroplastic state, regardless of unavoidable compasitional variations Althoughthe paent
itself uses thewords Qvhen theglaze runsOan experienced kiln opeator, by
observation, would be able to predict this approaching stage once the glaze began to
appear molten.

In effect, Heylyn and Frye were udng this phenomenonas a crude but highly effective
optical pyrometer. Determining the degree of heatwork required for the maturation of
expeimental ceramic produdion, especially for atrangparent porcelain approaching
pyroplasticity, which they had never experienced before, withou theaid of modern
thermal computationsand measuring devices, presents an interesting problem. We
propo tha this was ingenioudy solved by Heylyn and Frye demondrating a
condgderable amountof experimentation, as claimed in the patent. For the second\ or
glaze-firingN phase, mentionis made of the wares being contained in QasesO(saggas),
which protected theitems from fly ash and reduced the detrimental effects of sudden
shont-term changes in eithe temperature or atmospheae within thekiln during stoking.
Agan, this suggests that Heylyn and Frye were actudly firing wares.

If it can bereasonably assumed tha the wares shown to William Cookworthy in early
1745were the produds of the 1744Heylyn and Frye paent, (Ramsay et al., 2001491),
we note tha the high-fired, nonlead glaze, and a body that appears to mimic amodified
hard-paste compostion, were the very features which Cookworthy praised in his letter to
Richard Hinggon in mid-1745.Cookworthy would have been well aware of soft-paste,
glassy, French porcelaing butingead had devoted his life to discovering the secret of
Chinese hard-paste wares. Likewise, Daniels (20@) noted that it may have been these



very characteristic features of the AMG, which were referred to in theVincennes
Privilege, dated July 24, 1745(Chaffers, 1906912913), O..en Angleterre d@ne
manufacture de porcelaine qui paro’t plusbdle que celle de Saxe, pa lanaure desa
compostion...O(0n England there is onemanufacturer of porcelain whose style is more
beautiful than tha of Saxony [Miessen] by thenature of its compostion(. In fact,
Daniels argues tha if oneaccepts tha AMG porcelainswere beng madein England by
1741745 ,there was no other English factory at tha time whose products were as
compostiondly similar to tha described, in the context of Meissen, in thePrivilege

RAW MATERIALS USED IN THE HEYLYN AND FRYE PATENT
Cherokee Clay

Theclay (unaker) referred to in the 1744 paent commonly known as Cherokee clay has
been traced to theLittle Tennessee River catchment, north of Franklin, North Carolina
(Ramsay et al., 2001) Themog likely procurement site is either thelotla Mineor the
Franklin Kaolin and Mica Mine (Watts, 1913;Bayley, 1925)both located onthe Lake
Fontana 1:100000scale map; 35083A1-TM-100,grid reference 2820,39020.

Andysis of theclay showsit to be composed of kaolinite groupclays (~90%hdloyste
and ~10% kaolinite) with variable amounts of quatz, muscovite, biotite, and accessory
mingals, induding garnet, apdite, allanite, epidote, thulite, calcite, beryl, and columbite
(Stuckey, 1965. Visud estimates suggest that theclay component, on average, may
reach some 90% by volume. Seconday weathering produds from garnet are reported to
indudechlorite and other micaceousproduds, which are typically stained reddish-brown.
Clay samples for this study were collected from approximately 20E80 m bdow the
origind land surface onthehanging wall side of the deeply weathered parental pegmatite.

Table 1. Major, minor, and trace-element compostion of purified kaolinite group clay
(unaker), lotlaMine, Macon County, North Carolina

Compound wt %
SiO, 46.43
TiO, bdl*
Al,O; 38.60
Fe0Os bdl*
MgO 0.14
MnO 0.02
CaO 0.02
K,0 0.56
Na,O bdl*
P.Os 0.21
Lossonignition 14.01

* Below detection level.



In contrast, clay samples collected in the early 1740swould have been obtained much
closer to theformer land surface. These near-surface samples used in the 1744 paent
wares may have had a highe kaolinite:hdloysteratio 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 condudve to being thrown on a potter@whesl. A
compostiond andysis of purified Cherokee clay isgivenin Tablell.

Lime-Alkali Glass

The specificationsgiven for manufacture of the glass component (glass frit) used in the
1744paent are surprisingly vagueand thewording, GForm a glass in theusud manne of
making glass...,Oseems to suggest that Heylyn and Frye assumed that this process was so
well undestoodtha little clarification or explanation was required. Thepaent states tha
Q..pott ash, fern ash, pearl ash, kelp, or any other vegetable lixiviall salt...Owas to be
combined with Q..sands flints, pebbles, or any other stones of thevitrifying kind...Oin
order to form aglass. The use of theterm lixiviall salt (QyeOwhen in solution) when
referring to the glass compostion indicates a working knowedge of sogp manufacture
and an undestanding of methodobgies by which high concentrationsof sodium may be
obtained. We condudetha such vaguespecificationswould have resulted in a glass
compostion with highly variable flux ratios (CaO, NaxO, and K,0). We aso note that the
use of lead glass or flint glass appears to have been specifically excluded. Theuse of this
lime-alkali glassin theglaze resulted in a high-firing glaze, unlike thetypical low-firing
lead glazes used by mog English factories during the mid eighteenth century.

Themention of Qpott ashOpresumably refersto a crudeform of potassium carbonade
obtained throughlixiviating the ashes of terrestrial vegetables and evaporating the
solutionin largeiron pansor pots (Little et al., 1963). When purified by calcinaion and
recrystallization, theresultant salt was known as pearl-ashes or pearl-ash. The use of
either Qpott ashQor pearl ash in the patent recipe adequaely accounts for the presence of
potassium in the glass. However, determining how adequae sodium levels were achieved
has been problematic. Ash derived from kelp might contribute moderate quantities of
potassium and sodium, butto our knowedge other ashes mentionad in the patent, such
asfern (Aquilinum sp.), have negligible sodium levels. Although not specified, the source
of the CaO was mog likely aform of limestone while theMgO is assumed to be deived
from patially dolomitized limestoneor from vegeable and seaweed ashes. Regardless, it
isclear that theglass does not contain lead-bearing or flint glass.

METHODOLOGY

Thetwo components required to create andogues of the 1744 paent wares are Cherokee
clay (unaker) and alime-alkali glass frit. The clay was collected in Januay 2001fromthe
confluence of thelotla Stream with the Little Tennessee River. It was lighty crushed by
hand, and separated unde water before beng levigated. XRD andysis of the purified

clay showed it to congst of hdloyste (~90%0) and kaolinite (~10%) with traces of very
finequatz and mica (both muscovite and bictite). Theresultant purified clay was oven-
dried at 40;C.



Preparing thelime-alkali frit was somewha difficult because of the vaguespecifications
inthel744paent. A typical 18th-century crown glass or sodaglass frit was madeusng
commercia-grade pottery materials, as shown in Tables |1 and 1. Loss-on-ignition
factors, used to determine arecipe for a usable glass, were obtained by experimentation.
This mixture was placed into arefractory ceramic crucble, andfired to Orton cone9 at
150iC pe hour(1279;Cequivalent). When cool, the glass was removed from the
crudble and then reduced to afine powder in asted ring grinde.

Table I1. Weight % of theglass frit used in reproduced ceramic body.

wt %
SiO, 74.1
MgO 24
Cao 10.4
Na,O 8.3
K>,O 4.8

100.0

Table III. Materials used in frit manufacture.
wt %

Potassium carbonde 7.0
Sodium carbonde 118
Cdcium carbonde 154
Magnesium carbonde 4.2*
Silica 616

* An dternative source of MgO is plant ash.

Dry, powdered glass frit and unaker clay were mixed in a 1:1 ratio, and enoughwater
was added to bring the bodyto a workable consstency. The question of whether either of
the components was wet when combined by Heylyn and Frye is worth congdering, in
light of the rangeof mixing ratios mentioned in the patent. Potters mature, or Gxge Oclay
by storing it for extended periodsof time in awet, or workable, condition. During the
aging process, bacteriain the clay multiply to the point where the clay becomes distinctly
discoloured. Theaction 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 thefrit was
added, increasing theweight (by the quantity of water) of the clay. Consquently, the
clay-to-frit ratio used in this study was highe than 1:1. Theinitial moisture content of the
frit is of little consequence, asit takes very little water to wet a nonabsorbent material.
To patialy replicate the effect of agingtwo percent of bentonite, a plastic clay, was
added to thebody. The compostion of our andogue body porcelain is compared to the
average compostion of four anayses of GAAGmarked waresin Table V.



A glaze was produced by combining the aforementioned clay and frit in themanne and
propottionsdescribed in the patent (Her Mgjesty@ Stationay Office, 1856:

Take unaker forty pounds, of the above glass ten pounds, mix and calcine
themin areverberatory; thenreduce, and to eachpound whenreduced
add two pounds of the above glass, which must be ground finein water
(Olall milledd) ard left of aproper thickness for the ware to take up a
suffi cient quartity.

Thebisquefired samples were dipped in the glaze until a0.75 mm thick coaingwas
obtained. It was foundtha the bisquewares took up the required quantity of glaze after 5
secondsof immersion in amixture with aviscosty resembling thickened cream. The
glaze adheed well to the sample and showed no signsof cracking or flaking during

drying.
FIRING CONDITIONS

Thetest pieces were fired in amanudly controlled Tetlow electric kiln for both bisque
and glaze firings Observationsand temperature readingswere recorded hdf-houry
during thefiring. A number of high-temperature firebricks were placed into thekiln
aroundthetest pieces to provide athermal mass, which alowed the heating and, more
importantly, the coolingto replicate closely the conditionsof awoodHired kiln. Whileit
istrueawoodfired kiln was used for theorigind wares, we bdieve tha the paent@
ingstence on a neutral to oxidizing atmogpheae (as deduced by reference in the patent to
theneed to produc very white wares) during thefiring indicates tha our use of an
electric kiln for thereprodudion of the ceramics is appropriate.

Bisguefiringswere conduded at a heating rate of 150;C per hourto 950;C, at which
point thekiln was turned off and allowed to cool naturally to ambient temperature prior
to removd of thewares. After glazing, thewares were put back inthekiln andfired at
150;C pe hourto Orton cone9 (90; deflection). Thetemperature equivalent for an Orton
coneunde these conditionsis 1279;C Orton cones, which deflect dueto sintering, are
designal to provide a visudization of the effects of time and temperature (heatwork)
during firing. While it is commonto refer to thetemperature in akiln at a given time, this
is not necessarily areliable indicator of the degree of vitrification of thewares at tha
point.

RESULTANT PORCELAIN MATERIAL (BISQUE AND GLAZED)

Once bisquefired, the bodydisplayed consgderable physcal strength, despite the
retention of porosty, which facilitated the glazing process. At this stage, thebodywas
opauewhite with occasiond dark brown to black iron spotting, caused by remnant
biotite.



Table IV. Average A-marked porcelain and andoguel744paent compostions

A B

wt % St Dev (Wt %)
SiO, 64.9 2.3 64.3
Al,O3 211 3.3 217
MgO 1.3 0.1 1.7
Cao 5.6 0.5 5.6
Na,O 45 0.3 41
K20 2.6 0.7 24

100.0 99.8

SiO,/Ca0 mal prop 10.81 10.71

A. Average OANGmarked composition derived from samples1, 2, 3, and 4 with standarddeviation
(Ramsay etal., 2003).
B. Analogue 1744 patert porcelain composition, this paper.

Thefinished glazed wares were 1.5 mm thick and extremely tranducent, with a soft, ice-
green huecovered by a clear trangparent glaze which displayed dightly coarse crazing
(Figure 1). Thistypeof crazing is caused by stress within the glaze which results from
differential thermal expanson beween the glaze and body. The small degree of crazing
shown onthetest cupsis consstent with expectations andislikely to betheresult of a
highe cooling rate than tha experienced by Heylyn and Frye. Thoughthethermal mass
of theédectric kiln was increased by theinduson of heavy firebricks, persond
expeience indicates tha electric kilnscool to ambient temperatures a minimum of 18
hours soone than comparable woodHired kilns



Figure 1. Glazedwhite porcelain cups, presss-moulded and fired using Cherdkeeclay and lime-
alkali glassfrit. Height of larger cup 5 cm.

Pog-firing XRD andysis has shown that thebodyis composed of remnant quatz traces
in amatrix of glass and anorthite plagiodase (4n85—100) produced duringfiring. The
bulk chemistry of thefired wares (Table V) iswell within therangeof theknown
chemica compostion of the CAGmarked wares. In thin section, the porcelain body
comprises abundant fine, acicular calcium plagiodase crystallites contained in a clear,
colouress glass with an index of refraction (RI) less than that of Ca-plagiodase (Figure
2). In addition, thebodyisinterspersed with amorphousblebsof very light brown to
pinkish glass, whos Rl isalso _ Ca-plagiodase. These glassy blebs which are assumed
to represent theinitial glassfrit, are invariably surroundel by a finereaction coronaof
wha appears to be ultra-fine plagiodase. Where samples have cooled more quickly, the
plagiodase assumes variousquench-textured morphologies, ranging from plumose to
swallow-tail forms. Very minor quatz remnants, which escaped theinitial separation
process, are also present.
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Figure 2. Photomicrograph of the porcelain body showing abundarnt Ca-plagoclase crystallites
(P)setin acolourless glassy matrix (G1). In addition, shown areirregular blebs of adlightly
darker glass, represerting relic frit (G2), with anassociatedreaction corona of plagoclase. Plain
light _400.

DISCUSSION
Sample Preparation and Kiln Conditions

Thedeagree of descriptive detail in the 1744 paent strongly indicates extensve
knowledgeof, and practical experience with, the materials used. It is only during thelast
decadethat theavailability of desktop computers and ceramic calculation software has
allowed pottersto utilize supplier-provided andyses of raw materials. This, combined
with the assistance of thermocouples and oxyprobes during firing, has greatly smplified
the development of both bodies and glazes. Because noneof these techniques were
available to Heylyn and Frye, it isworth consdering some of thedifficulties they were
likely to have expeienced during the development of their wares.

TheHeylyn and Frye paent represents the earliest recorded English attempt to combinea
material highin alkalinefluxing material with primary kaolinite clay to produe a
tranducent ceramic body. Thoughthe concept may have been undestood from reports
carried back from porcelain-produdion centres in China, the appaent lack of suitable
feldgpahic materialsin England caused Heylyn and Frye to turn to other indudries with
an undestanding of vitrification. It could be argued tha it was inevitable tha attempts to
replicate Chinese porcelainswould employ the assistance of the established glass



indugry. Given the paent® vaguedescription of thefrit compostion, it is possible that
the paenteesincorporated a glass cullet rathe than a purpos-madeglassin thar initial
pasteN adecision madein order to save time and money. Even with thebenefit of cullet,
aconsderable nunber of experimental firingswoud berequired before aworking recipe
was established.

Oxygen-probemonitoring of theatmogpheae in amodan wood-fired kiln has shown tha,
even when extreme care is taken, thereis aredudion period after each addition of fud
when there isinaufficient oxygen for complete combudion. If thedegree of redudionis
sufficient, two events occur, which will spoil thewares unless counteracted. Incomplete
combudion produaes black carbon particles, which can settle on, and in more extreme
cases, become embeddeal in the surface of the glaze, causng significant discoloration. As
mentioned previoudy, it was foundthat a degree of grinding was necessary to liberate
econonical quantities of clay-sized particles fromtheunaker clay. This grinding reduces
asmall quantity of the biotite present in theraw clay to asize that it is difficult to remove
during levigation. This biotite imparts an unpleasant hueto thewares if care is nottaken
during thefiring. The need for oxygen during combugion can be so great that oxygen
molecules from iron oxides in the bodyand glaze are consumed, thusalteringit to a
chemically reduced state. In a ssimplified modd, some of theferric iron (Fe;Os3) loses a
full oxygen molecule andis reduced to ferrousiron (FeO), and some will lose hdf a
molecule of oxygen to become Fe;O,4. Thevariousstates of iron have distinctive colours
tha rangefrom black (in the case of reduced iron) throughbrown or light honey-coloured
when fully oxidized. Consquently, if any findy dispersed ironin thebodyremained in
thereduced form, it would impart an unpleasant grey to brown hue (depending on the
degree of redudion) to thefinished produd, thusdramatically redudng tranducency and
causing theware to Gbe much hurt. OFurthermore, any redudion during thefiring process
decreases the extent to which FeO (black) present in the biotite may oxidize, hence
lightening the colour. Thus the modeately 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, theimportance of the 1744 paent of Heylyn and Frye has tended to be
ovelooked or undeestimated. The general view has been tha, at best, the paent yielded
only experimental porcelain materials. At worgt, the patent was consdered a hasty
attempt to block potential competitors with little intention of produdng porcelain wares.
These views appaently discounied the patent@ explicit directionsfor porcelain
produdion and theclear description of the necessary use of Q..an earth, the produce of
the Chirokee Nation OA notable exception to this scepticism is Hurlbutt (192625, 35),
who predicted nearly 80 years ago wha type of porcelain wares would be produced by
the 1744 paent. He recognized tha any porcelain made according to this patent would
comprise a glassy frit mixed with chinaclay imported from America, with chinastoneor
feldgpar absent.



Thefired andoguewares show many similarities with the AMG porcelains Freestone
(1996)has demondrated tha the porcelain body of an G\Omarked cup comprises Ca-
plagiodase and two glass phases, oneof which hesuggests represents the origind glass
frit. In addition, the high Al,Os, prominent CaO, and negligible TiO; levelsin the body of
our andoguewares are congstent with chemical andyses of the AMG (Table V). Glaze
compostionsalso show close chemical similarities (Ramsay et a., 2003. Theone
feature tha sepaatesthe AMG from all other English porcelainsof tha periodistheuse
of alime-akali frit and kaolinitic clay, with a glaze composed of the same materials as
thebody, but with alarger propation of fusgble glassy frit to ensuretha it fluxed at a
lower temperature.

In 1959,amgjor exhibition of Bow porcelain was hdd by the British Museum (Tait,
1959) A number of puldicationson this exhibition (Tait, 196Q 1963 1965 have
contributed consderably to the knowedgeof Bow porcelain and thechronology of the
varioussecond patent wares. In addition, these puldicationshave emphasised therole tha
the proprietors of tha concern played in developing thefledgling Engish porcelain
indugry and thetradition of English bonechinaprodudion. However, it is appropriate to
comment on these earlier ideas in light of our results. Tait (19598) correctly observes
tha oneof the magjor unsolved problems at that time was to identify wha kind of
porcelain, if any, was produced between 1744and 1750.Moreover, Tait (1963195
suggests tha theimpression is Qhat the Bow manufactory was far more British, far more
free from foreign influences and domnance, than either the Chdsea or Derby factories
and, in many ways, themog origind and individual of all the seven English china
factories tha burst into life in the seven years between 1745562 OTait (1963195 aso
notes tha Frye was the geniuswho discovered the secret of making porcelain, while
Aldeman George Arnold was the busnessman, whos finandal backing and faithin
Frye madethis pioneer venture possible.

With respect to theidentification of the porcelain producd duringthese initial years,
Ramsay et al. (2001, 2003 have proposd that the OAOmarked wares are the produds of
the1744paent. Conequently, it is suggested that the AMG may beamongtheearliest, if
notthe earliest, English parcelain wares. Ramsay et a. (2001)suppot the contention that
the Savannah potter, Andrew DuchZ, was thefirst to recognize the ceramic patential of
unaker or Cherokee clay and thefirst to export this clay to England (Tait, 1959)
Moreover, they question as to what degree DuchZcontributed to thetechnology and
recipe of the1744paent. More recently, Ramsay et al. (in press) review the contribution
of colonial Americato thefledgling English parcelain indugry. They note tha, to date,
the biggest single impediment to therecognition of Andrew DuchZ3 rightful placein
ceramic history has been the apparent absence of porcelain wares that could reasonably
be attributed to him. Ramsay et a. (in press) contend tha with the attribution of the AMG
porcelainsto the 1744 paent, thisimpediment may now beremoved.

While inferences about Duch A3 recipe are beyondthe objectives of this paper, what can
bedemondrated istha the 1744 paentis, in fact, aworkingrecipe Althoughthe1744
paent is vagueaboutthe materials and propationsused in making the glass frit and
omits mention of the possible addition of a plasticity agent, we condudetha



porcellaneouswares could have been made based on the patent specifications Moreover,
there is remarkable conguity between the chemistry and mineralogy of our andogue
1744 paent wares and tha foundin the AMG porcelains We reiterate tha whoever was
making the AMG porcelainswas usng the Heylyn and Frye paent of 1744.From this
observation, we affirm that the ssimplest and mog reasonable condusonistha Heylyn
and Frye were responsble for the produdion of AMG porcelainsin East London,
beginningin 1743(Daniels, 2003.

CONCLUSIONS

Based on our firing of ceramic wares usng thedirectionsin the Heylyn and Frye patent,
anunber of condusonsand observationsmay be made. In the case of gened kiln
conditions we make thefollowing condusons

1 Oxidizing conditionswould have been required for both theinitial low-
temperature bisquefiring and subsequent high-temperature glaze firing.

2 Thefind temperature required to mature and sinter the porcelain bodyto the point
of acceptable tranducency was equivalent to a heat-work level of Orton cone 9 at
150iCpe hour(1279;0.

3 Heylyn and Fryevisudly estimated thefind tempeature by making a clay-frit
glaze andugngit asacrudeoptical pyrometer.

4  Peak kiln temperatures could have been bd ow our find measured temperature
had Heylyn and Frye maintained dightly lower temperatures over alonge period
of time.

Thewording of the patent suggests that the paentees had congderable first-hand
expeience with unaker clay. Thus we deduce tha the paentees were introduced to the
clay by someonewho had knowedgeof the Middle Cherokee language and the practical
expertise to recognize the ceramic potential of such clay. Andrew DuchZis known to
have been exploring the southern Appdachiansin search of mines by thespring of 1741
(Ramsay et al., 2001). The paent emphasizes the need to produce very white wares and
to estimate correctly thetemperature assodated with the find high temperature firing.
Thedeagree of granularity in some of our andoguel744paent waresis directly related to
the degree of grinding of the clay-frit mix. Althoudh our andoguepaste has negligible
plasticity, we do nat accept previousassertionstha the recipewas unworkable. Heylyn
and Frye likely avoided this problem, either by the plasticity of theorigind clay or the
addition of aplagticity-enhandng agent or by the extengve use of dip-casting techniques,
afeature highly characterigtic of the AMG.

A number of key features from our work link the 1744 paent with the AMG. Firgt, as
doaumented by Ramsay et a. (2003, theuniquebody and glaze chemistry of AQ
marked wares closely approximates the theoretical compostionscalculated fromthe
1744 paent uang variable propottionsof unaker clay to glassfrit. Second, the
mineaogy of ourandoguel744paent porcelain shows remarkable similarity with tha
described by Freestone(1996)for an O\Omarked teacup; namely the presence of calcic
plagiodase associated with two different glass phases and the absence of any significant



amountof milled quatz or flint. One of these glass phases likely represents the origind
remnant frit, while the secondreflects the quenched-melt phase. Theinevitable
condugonistha theproduds of the 1744 paent and the AMG are oneand the same.
Based on the consderable degree of ddail in the patent, we see no reason to doubt
Heylyn and Frye(® claim to have expended consderable time and money in
expeimentation. We also sugpect tha this experimentation was primarily directed at
finding a suitable method of glazing theporcelain. Moreover, it is appaent tha Heylyn
and Frye mug have been actively firing such wares in order to have been aware of the
variouskiln problems tha they doaument in the paent. We also surmise, by virtue of
compaisonwith the AMG, that porcelains of remarkable sophistication could have been
producd based onthe 1744paent. Findly, we note tha therole of colonial Americain
the nascent English porcelain indudry has not been given sufficient recognition. Current
research suggests that it was not so much Thomes Frye® Qyenius Obut rather the
entrepreneurial drive and technical knowledgeof Andrew DuchZtha formed the
technological base for porcelain produdion based onthe 1744 paent.

For over 100years, there has been agenera tendency to undeestimate the significance
of the1744paent. It might appear tha the unsubgantiated assertion by William Burton
(1902)and quoied by Honey (197782), Gon technical grounds that a paste so made
would lack plasticity and that little, if any, porcelain could have been made unde this
paent,Ohas exerted an undueinfluence on many early Bow wares researchers. The
results from our work indicate that the Heylyn and Frye patent of 1744represents a
remarkable landmerk in Endlish ceramic history. It is this genuine working patent,
perhaps more than any other doaument or event, that ushersin thefrenetic period of
porcelain manufacture, which, within a decade, saw therise and development of over ten
English porcelain concerns

ADDED NOTE

At the Courtauld Ingitute on December 13,2003, preliminary results were presented to
members of the English Ceramic Circle. Comment was voiced at tha meeting tha
ceramic kilnsof thetime would have been unable to achieve temperatures of ~1280;C
We make thefollowing points:

1 Inonesense, we agree with such commentsin tha commercial pottery kilnsof
theday may not have been able to achieve such temperatures. However, this does
not precludesmall, purpose-built, experimental kilnsbeng condructed that could
achieve the necessary elevated temperatures. High temperatures, equivalent to our
expeimentally derived pesk temperature, were obtained in the contemporary
glassindugry. An andysis of a17th-century glass furnace (Brain, persond
communication, February 2004)has indicated aflame temperature of about
1450iCand an indde skin temperature of about 1280;C. We note the persistent
stories of initial porcelain experiments being carried outin Heylyn@ glasshous
and Lowdin@® glasshous. Moreover, temperature-soeking of thewares over a
period of time could reduce our experimentally derived pesk temperature.



2 Inanothe sense, such comments could beinterpreted as possibly yet another
attempt to undeestimate the significance of the 1744 paent, as has been donefor
ove 100years.

3 Findly, wenotethat it may possibly be of no consequence whether English
potters of the1730sand 1740swere able, or were unable, to achieve the necessary
kiln temperatures (~1280;CO derived experimentally from our work. As pointed
out by Pat Daniels (persond communication, December 2003) Andrew DuchZ
twice reported (December 29,1738,and March 16, 1739)tha hewas unable to
produc fine white wares based on the modd and patern of the Chinese porcelain
examples deduced to have been sent to him by the Countess of Egmont Quntil he
had built akiln for that purpose, buttill then they cannotbe made OBy March 13,
1740,tha kiln had appaently been built.
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